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Abstract

In the present study, we employed network analysis that conceptualizes internet addiction (IA) as a complex network of
mutually influencing symptoms in 108 adolescents with autism spectrum disorder (ASD) to examine the network architec-
ture of IA symptoms and identify central/influential symptoms. Our analysis revealed that defensive and secretive behaviors
and concealment of internet use were identified as central symptoms in this population, suggesting that mitigating these
symptoms potentially prevent the development and/or maintenance of IA in adolescents with ASD. Providing adolescents
and their caregivers with psychoeducation on the role of central symptoms above in IA can be a salient intervention. Doing
so may facilitate nonconflicting conversations between them about adolescents’ internet use and promote more healthy

adolescents’ internet use behavior.
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Introduction

Internet addiction (IA) has been gaining recognition and
popularity in research and clinical practice due to its impact
on individuals’ wellbeing and health, including mental
health (Kuss and Lopez-Fernandez 2016; Spada 2014).
Although terminologies defining IA remain somewhat
inconsistent (problematic internet use, pathological inter-
net use, for example: Kuss and Lopez-Fernandez 2016), this
condition is generally conceptualized as behavior addiction,
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featuring six core components: salience, mood modifica-
tion, tolerance, withdrawal, conflict, and relapse (Griffiths
2005). Prevalence estimates of IA in a general population are
reported to be approximately 4% (Durkee et al. 2012; Kaess
et al. 2014; Mak et al. 2014). Existing cross-sectional studies
indicate that IA is associated with challenges in interper-
sonal relationships, decreased well-being, poor academic
performance, and mental health problems, such as anxiety
and depression (Yiicens and Uzer 2018).

Recent studies have reported higher prevalence of IA
in individuals with autism spectrum disorder (ASD) than
that estimated in a general population (Kawabe et al.
2019; So et al. 2017). In addition, studies have indicated
that individuals with ASD exhibit more severe IA symp-
toms compared to non-ASD individuals (MacMullin et al.
2016), suggesting more serious internet use problems in
this clinical population. One study suggested that the
relationship between IA and some aspects of the behav-
ioral phenotype of ASD, such as restricted interests and
repetitive behaviors, could account for higher prevalence
and severe symptoms of IA among individuals with ASD
(Engelhardt et al. 2017). While screen-based media may
provide opportunities for social engagement for individu-
als with ASD, preoccupation with these media is reported
to negatively affect their functioning (Mazurek and
Engelhardt 2013). Thus, understanding the mechanism
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of the development and maintenance of IA in this popu-
lation is clinically important as it can lead to successful
interventions.

However, existing theoretical models remain inconclu-
sive. One of the challenges related to this is that existing
models have conceptualized IA based on latent models,
which suggests observable clinical signs and symptoms
are caused by latent variables. Based on these models,
researchers have aggregated individual TA scale items
(signs and symptoms) and conceptualized IA as a static
construct in previous studies (L. Chen et al. 2018; Pan
et al. 2018; So et al. 2017; Tang et al. 2014). However,
IA is composed of heterogeneous signs and symptoms
which represent groups of observable indicators. There-
fore, treating IA at the latent variable level may obscure
meaningful associations between individual symptoms.

Recent methodological advancement let us use network
models. Network modeling is an alternative approach to
understand direct associations among individual signs
and symptoms (Borsboom and Cramer 2013; Borsboom
2017). According to the network perspective, a mental
disorder is not an underlying latent (unobservable) dis-
ease entity. Rather, it is an emergent phenomenon, arising
as a complex network of mutually reinforcing symptoms
(Borsboom 2017; Borsboom and Cramer 2013; Fried et al.
2017). By quantifying associations between observed
symptoms, network models can identify the most ‘cen-
tral’ symptoms (i.e. connected to the highest number of
symptoms/nodes with the strongest connections). These
symptoms/nodes may help identify the core mechanism
underlying the onset and maintenance of disorders, and
thus targeting them could result in more efficient treat-
ment strategies. Network analysis has been implemented
in studying several mental disorders, including depres-
sion, anxiety, psychosis, autism spectrum disorder, and
substance use disorder (Beard et al. 2016; Hirota et al.
2020; Rhemtulla et al. 2016; van Rooijen et al. 2017).

Accordingly, we applied this perspective to [A to pur-
sue the following aims in the present study: (1) exam-
ine the network structure of A (i.e. associations among
individual TA symptoms) in adolescents with ASD; (2)
identify central/influential symptoms in the IA network in
adolescents with ASD, and; (3) compare the IA network
in the ASD group with a sample of a general popula-
tion. Given the exploratory nature of the present study,
we did not form specific hypotheses to the first two aims.
In regard to the third aim (i.e. the comparison of the net-
works between the two groups), we hypothesized that the
overall strength of connectedness in the IA network in
ASD could be greater given earlier studies have revealed
higher prevalence and symptom scores of IA in individu-
als with ASD than a general population (MacMullin et al.
2016; So et al. 2017).

Methods
Participants
Clinical Sample

This study is a secondary data analysis using an exist-
ing database. Data were obtained from adolescents who
participated in a study previously conducted at Okayama
Psychiatric Medical Center outpatient clinic from Febru-
ary to June 2016. This medical center provides various
psychiatric services ranging from outpatient psychiatric
care to acute inpatient psychiatric care in the regional
urban area. The aim of the original study (So et al. 2017)
was to estimate the prevalence of IA among adolescents
with ASD alone, those with attention deficit hyperactivity
disorder (ADHD) alone, and those with comorbid ASD
and ADHD in psychiatric outpatient service.

Inclusion criteria were as follows: (1) students were
12-15 years old at the time of the study enrollment; (2)
students had attended the child and adolescent psychiatric
clinic regularly, defined as more than two scheduled visits
within 6 months prior to the study enrollment; (3) students
were previously diagnosed with ASD and/or ADHD by the
board-certified child and adolescent psychiatrists based
on DSM-5 criteria, and; (4) students and their caregiv-
ers provided informed assents and consents to the study
participation, respectively. Students were excluded if they
had previously received a diagnosis of moderate to severe
intellectual disability, confirmed through the disability
certificate (Supplementary Data 1), and the treating psy-
chiatrists determined that they were unable to fully under-
stand the study purpose and answer the questionnaire.
Participants’ IQ and verbal ability were not measured in
the original study. Students included in the original study
filled out a self-reported scale (Internet Addiction Test).
For the present study, we used a subset of data from ado-
lescents who received a diagnosis of ASD (N=108). All
108 adolescents were receiving psychiatric services for
their co-occurring psychiatric problems (ADHD, emo-
tional and behavioral problems, for example) at the clinic.

The Comparison Group

Data were extracted from the general population for com-
parison with the ASD group, consisting of middle school
students aged 12 — 15 years in Okayama prefecture, Japan,
who had participated in a school survey in December
2015. This school survey was conducted in collaboration
with the Board of Education in Okayama Prefecture and
researchers at Okayama Psychiatric Medical Center. The
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overarching goal of this survey was to assess the preva-
lence of problematic Internet use. The survey included
the Internet Addiction Test (IAT) and individual ques-
tions inquiring if students had experienced cyberbullying
and whether they had got into trouble online. Prior to the
implementation of this survey, we mailed letters contain-
ing the information on this study to caregivers of each
child. Children whose caregivers did not consent to the
participation of their children in the survey were excluded
from this study accordingly. Students were briefed about
the purpose of the survey and completed the questionnaire
in the classroom.

Measurement (self-administered Internet Addiction
Test: IAT)

The IAT is a 20-item questionnaire, developed by adapting
DSM-IV criteria for pathological gambling to the Internet
use (Young 1998). These 20 items sum up to a total score
ranging from 20 to 100 with a higher total score indicating
severe IA status. The developer of the IAT suggests that indi-
viduals with a total IAT score of 70 — 100 have significant
problems related to Internet use. The IAT questions reflect
several elements related to Internet usage: for example, loss
of control, withdrawal, preoccupation, social demeanor,
sleep problems, and the decline in academic efficiency. The
IAT has been validated for the use of non-Japanese adoles-
cents only (Cernja et al. 2019; Lai et al. 2013). The internal
consistency of the Japanese IAT for the ASD clinical sample
and the general population sample was as Cronbach’s alpha
of 0.93 and 0.92, respectively.

Analytic Plans
Network Estimation

In the network model, individual signs/symptoms are defined
as nodes, and relationships between nodes are edges. In the
present study, a regularized partial correlation network (i.e.
Gaussian graphical model) was constructed using the matrix of
polychoric correlations between the 20 symptoms. Polychoric
correlations estimate the association between two ordinal vari-
ables that are theorized to be reflective of normally distributed
latent variables. In this model, the lack of edge between two
nodes means conditional independence relationships among
the nodes. Edge thickness or weights can be understood as an
estimation of partial correlations coefficients, representing the
correlation between two nodes when controlling for all other
nodes in the network. The network was estimated and visu-
alized using the R-package ‘qgraph’ (Epskamp et al. 2012).
In order to reduce the likelihood of type-I errors, ‘qgraph’
employs the EBICglasso procedure. In this procedure, all
edges in the network and sets small edges are shrunk exactly
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to zero (the Lasso regularization). This process of regulariza-
tion is coupled with best fit model selection, by minimizing an
information criterion, in this case, Extended Bayesian Infor-
mation Criterion (EBIC) (Chen and Chen 2008), leading to a
sparse network with explanatory power.

Centrality

We calculated several indices of node centrality to quantify
the importance of each of the 20 symptoms in the IA net-
work (Opsahl et al. 2010): closeness (the inverse of the sum
of distances from the node to all other nodes): betweenness
(the number of times that a node lies on the shortest path
between two other nodes): and expected influence (EI). EI
is a measurement of centrality to quantify how strongly and
directly a symptom node is associated with all other nodes
in the network. EI sums the raw weights of edges, taking
the sign of the edge into account (McNally 2016). These are
typically presented as standardized Z-scores, with higher
values reflecting greater overall importance of a symptom
to the network.

Following these procedures, we explored the accuracy of
the network edges and centrality indices and correlational
stability of the network using bootstrapped difference tests
(see the tutorial: Epskamp et al. 2017 for details of this
procedure).

Network Comparison Between the ASD Group
and the General Population Group

Networks from different groups can be compared in the
following three aspects: (1) overall structural invariance;
(2) edge strength invariance; and (3) global connectivity
invariance(van Borkulo 2016). The first aspect concerns the
structure of the network as a whole and tests whether the
structure is identical across groups or not. The second aspect
pertains to the difference in the strength of a specific edge
of interest. The third aspect is related to the overall level of
connectivity (i.e. whether symptoms are connected to the
same degree across groups or not). Networks for the ASD
group and the general population group were re-estimated
for both of these groups and compared using the ‘Network-
ComparisonTest (NCT)’ package (van Borkulo 2016) which
tests for three above-mentioned aspects using non-paramet-
ric permutation tests (1000 random permutations were used
in this study).

Results

Table 1 shows characteristics of adolescents with ASD
(N'=108) and those in a general population (N=3080). In
the clinical sample, 25 of 108 adolescents with ASD had
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Table 1 Characteristics of study participants

ASD General population

N 108 3080
% of male 63.9% 49.6%
Age

Range (years old) 12—15 12-15

7th grade 31 (28.7%) 1044 (33.9%)

8th grade 35 (32.4%) 1003 (32.6%)

9th grade 42 (38.9%) 1033 (33.5%)
IAT total score
Mean (SD) 45.8 (18.5) 35.8 (13.7)
20-39 (n, %) 44 (40.7%) 2032 (66.0%)
40-69 50 (46.3%) 892 (29.0%)
70 or above 14 (13.0%) 69 (2.2%)
Missing data 0 (0%) 87 (2.8%)

IA Internet Addiction, IAT internet addiction test, SD standard devia-
tion

Autism spectrum disorder group
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Fig. 1 Network structures among internet addiction symptoms. In the
figure, blue and red lines pertain to positive associations and nega-
tive associations, respectively. The thickness of each line refers to
the strength of each connection between nodes (circles). IAT1: Stay
online longer than you intend, IAT2: Neglect chores to spend more
time online, IAT3: Prefer the excitement online to the time with oth-
ers, IAT4: Form new relationships with online users, IATS: Others
complain about your time spent online, IAT6: School grades suffer
due to internet use, IAT7: Academic efficiency declines due to inter-
net use, IAT8: Check email/SNS before doing things you need to do,

co-occurring ADHD. The male/female ratio was higher in
the ASD group. In addition, the percentage of adolescents
whose total IAT score belonged to “significant problems
related to internet use” (score of 70 — 100) was higher in
the ASD group. We did not conduct descriptive analyses
to compare the characteristics of these two groups due to
uneven sample sizes.

Network Structure and Centrality

Figure 1 depicts the network structure of relations among IA
symptoms in adolescents with ASD (left graph in Fig. 1).
The estimated network yielded 190 edges (20%(20-1)/2),
among which 93 edges had non-zero weights (mean weight
0.05). The weight of the edge connecting IAT items 6
(“School grades suffer due to the internet use”) and 7
(“Academic efficiency declines due to the internet use”)
was the strongest (0.47). Other strong associations include
those between “Conceal the amount of time spent online”

General population group
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TAT9: Become defensive/secretive about the internet use, IAT10:
Soothe disturbing thoughts using the Internet, IAT11: Anticipation
for future online activities, IAT12: Life boring and empty without the
Internet, IAT13: Snap or act annoyed if bothered while being online,
IAT14: Sleep loss due to late-night logins, IAT15: Preoccupation
with the Internet, IAT16: Request an extension for longer time spent
online, IAT17: Failure to cut down the time spent online, IAT18:
Conceal the amount of time spent online, IAT19: Spend more time
online over going out with others, IAT20: Depressed/moody/nervous
only while being offline
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and “Spend more time online over going out with others
(0.29), between "Prefer the excitement online to the time
with others” and “Spend more time online over going out
with others” (0.28), and between "Anticipation for future
online activities" and "Life boring and empty without the
Internet" (0.27)". All edge weights of this network are listed
in Supplementary Data 2.

Figure 2 represents plots depicting centrality indices of 20
symptoms to the IAT network in the ASD group. The item
“Academic efficiency declines due to internet use” was high-
est in EI, meaning this symptom had the strongest positive
associations with other symptoms, although its other cen-
trality indices were not pronounced. The items “Life boring
and empty without the Internet” and “anticipation for future
online activities” had the highest closeness and relatively
high EI meaning this cognitive symptom was influential in
connecting other symptoms that were otherwise unrelated in
the network. The item “Prefer the excitement online to the
time with others” was high in the betweenness and closeness
centrality indices.

For the comparison of the networks between two different
groups, we also estimated the network structure of relations
among IA symptoms in the general population (Fig. 1, right
graph), yielding a total of 128 non-zero edges with a mean
weight at 0.05. The strongest edge weight was 0.61 between
IAT items 6 and 7. Centrality indices were also computed

and plotted (Fig. 2). In this population, the items “Anticipa-
tion for future online activities” was high in all three central
indices. Other items “Failure to cut down the time spent
online” and “Academic efficiency declines due to internet
use” also had high EI.

Examination of the network accuracy in the ASD group
revealed wide bootstrapped confidence intervals (CIs) for
most edges, suggesting low accuracy of the edge strengths
in the network (Supplementary Data 3). The stability of node
centrality was also unsatisfactory in the ASD group with the
correlation stability coefficient being below 0.5 (Epskamp
et al. 2018) (expected influence: 0.046, closeness: 0.046,
betweenness: 0) (Supplementary Data 4). On the other hand,
edge-strength in the general population was considered accu-
rate as bootstrap Cls of the strong edges did not overlap zero.
Expected influence and closeness were considered stable
in the general population group (expected influence: 0.75,
closeness: 0.52, betweenness: 0.21).

Network Comparison

The network comparison revealed no statistically significant
differences for the overall network structure (p=0.57) for
the two networks, suggesting that the structures were similar
between the ASD group and the general population group.
Post-hoc comparisons of each edge weight between the two
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networks through the NCT showed 11 specific edge weights
that reached statistical significance (Supplementary Data 5).
However, the comparison test indicated that the global edge
strengths did not differ between the two groups (p =0.40).

Discussion

In the present study, we elucidated the network structure
of internet addiction symptoms among adolescents with
ASD and identified central symptoms in the IA symptom
network. Furthermore, we compared the IA symptom net-
work between the ASD group and the general population
group. This is the first study that employed network analysis,
a novel statistical approach, to understand psychopathology
of IA symptoms among adolescents with ASD. The ben-
efit to zoom in on symptom-symptom associations in the
ASD population has been reported in recent studies that
examined the network structures of psychiatric and psy-
chological comorbidities related to ASD, including anxiety
(Montazeri et al. 2018), depression (Montazeri et al. 2019),
obsessive—compulsive disorder (Ruzzano et al. 2015), and
irritability and aggression (Hirota et al. 2020).

The IA symptom network revealed strong edges that seem
clinically important for understanding the mechanism of IA.
For example, the edge connecting “Conceal the amount of
time spent online” and “Spend more time online over going
out with others” may indicate a bidirectional symptom-
symptom relationship between self-concealment of one’s
problem and decreased healthy social engagements. Ado-
lescents who conceal their internet use problems may lose
opportunities to engage with peers. On the other hand, it
is also possible that adolescents who do not prefer build-
ing social relationships may conceal their internet use to
avoid unnecessary conflicts with parents as parents may limit
adolescents’ internet use in such cases. Another important
strong edge identified in the ASD group was the one con-
necting “Anticipation for future online activities” and ““Life
boring and empty without the Internet’, which represent pre-
occupation/anticipation and negative affect, respectively. In
studies examining the neurobiology of addiction, addiction
is conceptualized as a three-stage recurring cycle, consisting
of binging, withdrawal/negative affect, and preoccupation/
anticipation (Goldstein and Volkow 2002). Therefore, our
finding is suggestive of a possible causal link, which needs
to be investigated using longitudinal data.

In the present study, we identified “Academic efficiency
declines due to the internet use” as one of the central symp-
toms in the IA symptom network both in the ASD group
and the general population group. The relationship between
IA and academic performance has been reported in previ-
ous studies (Chen and Peng 2008; Samaha and Hawi 2016),
which might account for our findings in the present study.

Although the decline in academic efficiency is likely a con-
sequence of IA given the wording of this IAT item, it is
also possible that individuals who have academic challenges
could have higher risks of increasing their Internet use to
avoid facing academic demands and to soothe stress related
to academic work. Furthermore, as seen in Fig. 1, this item
in the ASD group had strong associations with the items
“Neglect household chores to spend more time online” and
“Others in your life complain to you about the amount of
time you spend online,” indicating that the challenges with
time management and performance can become pervasive
both at school and at home.

Similarly, two items “Life is boring and empty without the
Internet” and “Anticipation for future online activities” were
central to the IA network in both groups based on our find-
ings. However, the item “Life is boring and empty without
the Internet” had a stronger association with the item regard-
ing preoccupation with the Internet 1AT15 in Fig. 1) in the
ASD group in comparison to the general population group.
The greater degree of preoccupation with the Internet in
the ASD group can be attributed to repetitive and restricted
interests and behaviors (RRIB), which are ASD core symp-
toms. One study revealed a positive association between
preoccupation with online (Internet) activities and RRIB in
college students (Shane-Simpson et al. 2016), supporting
the hypothesis mentioned above. Additionally, as observed
in Fig. 1, these preoccupation symptoms serve as important
hubs connecting different domains of symptoms, such as
negative emotions, sleep problems, and challenges with time
management. Thus, addressing the central item “Life is bor-
ing and empty without the Internet” could prevent the onset,
progression, and maintenance of the IA symptom network
in this clinical population. To this aim, cognitive behavioral
therapy (CBT) can be beneficial as the item pertaining to the
fear that life can be boring and empty without online activi-
ties is considered a core belief in individuals with difficulty
controlling their use of Internet (Young 2007). Previous
studies have reported the efficacy of CBT on IA, decreas-
ing internet use, and improving time management skills and
emotional stability (Du et al. 2010; Fioravanti et al. 2012).
However, no studies have examined its efficacy among the
ASD population.

While the item “Prefer the excitement online to time with
others” did not become pronounced in any centrality indices
in either of the two groups, the betweenness and closeness
of this item were high only in the ASD group. This finding
accounts for the important role of this item connecting items
that otherwise do not have strong associations. Of note, this
item is strongly associated with the item “Block out disturb-
ing thoughts about your life with soothing thoughts from the
Internet” (IAT10) and “Spend more time online over going
out with others” (IAT19), both of which are not directly
associated as shown in Fig. 1. Therefore, the item “Prefer
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the excitement online to the time with others” can function
as an essential item that expands the IA network in the ASD
group by connecting different IA symptom domains. The
Internet may provide individuals with ASD who have expe-
rienced offline social challenges (e.g., difficulty with social
interactions) with opportunities to compensate for these
challenges (Finkenauer et al. 2012). Our findings support
this notion. Given the strong association between the item
“Prefer the excitement online to the time with others” and
the item “Block out disturbing thoughts about your life with
soothing thoughts of the Internet” as observed in Fig. 1, indi-
viduals with ASD may engage in online activities to relieve
their heightened stress in daily life. Therefore, providing this
population and their families with psychoeducation on what
can be standard and aberrant Internet use behaviors, as well
as the importance of maintaining offline social activities,
could be both therapeutic and preventative for IA. Addi-
tionally, social skills training in this population would be
beneficial as the improvement of social skills could ease
stress in social situations and promote more engagement in
offline social activities.

The comparison of the two networks revealed no signifi-
cant differences in the overall network structure between
the two groups. This finding did not support our hypothesis
that the overall network connectivity could be stronger in the
ASD group. Studies with larger sample sizes of adolescents
with ASD are required in future research to further exam-
ine whether the networks between these two groups remain
identical or become different.

Despite the novelty of our study and valuable study find-
ings above, our findings need to be interpreted with cau-
tion due to the following limitations. First, we found low
accuracy of edge weights and centrality indices and corre-
lational stability of the IA network in the ASD group. This
is the major limitation of the present study as these find-
ings make it difficult for us to interpret the rank ordering of
edge weights or centrality indices with confidence. The poor
accuracy and stability were likely due to small sample sizes
of adolescents with ASD, and thus the network structure
of TA symptoms and its accuracy need to be examined by
larger-sample studies in future research. Related to the first
limitation, the small sample size in the ASD group prohib-
ited us from dividing the ASD group into subgroups (boys
vs. girls, for example) for further analyses. As previous stud-
ies reported sex differences in internet use patterns (Weiser
2000), internet addiction symptoms (Dufour et al. 2016),
and other addictive behaviors (Fattore et al. 2014), it would
be meaningful to investigate how the network structure of
IA symptoms vary by sex in the future studies. Additionally,
as adolescents with ASD in the present study were patients
attending the psychiatric clinic, their characteristics and
co-occurring psychopathology profiles would be likely dif-
ferent from those in other ASD populations (a community
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sample of adolescents with ASD, for example). Given the
high prevalence of co-occurring psychiatric problems in
ASD (Simonoff et al. 2008) and the association of IA with
these psychiatric problems (Ko et al. 2012), our findings
can provide important clinical implications in assessing
and addressing IA problems in similar ASD populations.
However, the generalizability of our findings to other ASD
populations may be limited. Furthermore, we did not quan-
tify ASD symptoms in the present study, and thus we were
unable to examine the role of ASD symptoms in the [A
symptom network. However, doing so is beyond the scope
of the present study, and therefore future research can elu-
cidate the influence of individual ASD symptoms on the
IA symptom network. Lastly, we did not obtain information
regarding whether participants had access to the Internet and
how much (e.g. hours per day) they were allowed to access
the Internet, preventing us from examining the associations
of these factors with IAT scores.

This study indicates the intricate network system of TA
symptoms mutually influencing each other in adolescents
with ASD. Central symptoms, such as preoccupations with
online activities and avoidance of offline social activi-
ties can be the targets for therapeutic interventions (CBT,
psychoeducation, social skills group, for example). These
interventions can be beneficial not only for adolescents with
IA problems but also for their caregivers. Future research
requires larger sample sizes of adolescents with ASD to pro-
duce sufficient power to determine the differences in the IA
network structure between this clinical group and the gen-
eral population group. Lastly, future research should include
risk factors for IA, including symptoms of attention-deficit
hyperactivity disorder and depression, in analyses to eluci-
date how individual symptoms of these risk factors interact
with A symptoms, resulting in the promotion of tailored
interventions for IA.

Compliance with Ethical Standards

Ethical Approval This study was approved by the institutional review
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