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Abstract

Previous research has explored the relationship between anxiety, depression, and internet addiction (IA) using variable-
centered approaches among secondary school students. However, the long-lasting COVID-19 pandemic worsens the inter-
relationship among the three mental disorders above. Therefore, the present study evaluated the underlying dynamic
changes in the symptoms of these disorders using a network analysis approach. A total of 2,356 Chinese secondary school
students were tracked from the very beginning of online learning for four months by completing surveys of the Gener-
alized Anxiety Disorder Scale, Patient Health Questionnaire, and Internet Addiction Test. The cross-sectional symptom
network (CSSN) and cross-lagged panel network (CLPN) analyses were utilized for the statistical analysis. Two comor-
bidities CSSNs were compared, and the symptoms of “uncontrollable worry”, “depressed/moody/nervous being offline”,
and “job performance or productivity suffer” were identified as the symptoms with the highest Expected Influence (EI)
value in both waves. Additionally, the CLPN revealed that the symptom of “snap or act annoyed if bothered” served as
the symptom with the highest in-expected influence (IEI) value, and “anhedonia” (i.e., a depression symptom) and “irrita-
bility” (i.e., an anxiety symptom) were identified as the symptom that exhibited the highest out-expected influence (OEI)
value. Appropriate interventions targeting the central symptoms may potentially prevent or reduce the risk of anxiety,
depression, and IA.
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Yanqiang Tao
psyxuele2020@163.com Internet addiction (IA) is characterized by excessive or
obsessive behavior related to internet use, manifesting as
individuals’ failure to manage their internet use, which is
usually accompanied by a series of symptoms, including
loss of control, withdrawal, and escape (Young, 1998).
A meta-analysis reviewed the published studies from 31
countries and reported that before the outbreak of COVID-
19, the weighted average prevalence for IA was 8.90%
(95% CI, 7.46-10.59%) in East Asia (Pan et al., 2020).

Strikingly, after the outbreak of COVID-19, the preva-
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lence of IA reached 36.7% among the Chinese general
population (Y.-Y. Li et al., 2021). The rising prevalence
rate of A might be related to the influence of COVID-
19. Due to the rapid spread of the COVID-19 pandemic,
students were urged to stay home and study online during
the lockdown period of the pandemic. Accordingly, the
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usage rate of online education in China has dramatically
risen from 27.2% (China Internet Network Information
Center, 2019) (before the pandemic) to 46.8% (China
Internet Network Information Center, 2020) (after the
pandemic). Meanwhile, during the pandemic, people
may become more likely to over-engage in playing video
games and have fewer resources for effective social sup-
port, which may all contribute to the rising prevalence
and severity of IA (Y.-Y. Li et al., 2021). Noticeably, 1A
can give rise to a series of negative outcomes, including
impaired interpersonal relationships, rising avoidant ten-
dencies, and academic and work efficiency (Hou et al.,
2019; Pan et al., 2020). More seriously, IA also shares
a close relation with emotional and psychological disor-
ders, such as depression, anxiety disorder, and sleep dis-
turbance (Alimoradi et al., 2019). Besides, adolescents
in Asian countries are especially vulnerable to suffering
from IA, and Chinese adolescents with IA face a higher
probability of exhibiting depression and anxiety (Kwok-
Kei Mak, 2014), which highlights the necessity of focus-
ing on IA, especially on Chinese adolescents after the
pandemic.

Moreover, the pandemic and the lockdown also greatly
impacted individuals’ psychic and psychopathologi-
cal symptoms (Stankovi¢ et al., 2021; Tao et al., 2023Db,
2024a, b). Especially, during the pandemic and lockdown,
the prevalence rates of depression and anxiety among sec-
ondary school students (junior and senior high school stu-
dents included) (Gao et al., 2021), who were under much
academic pressure due to the competitive circumstances of
college entrance examinations, rose significantly. Depres-
sion and anxiety, identified as two of the most prevalent
mental disorders among adolescents, are highly comorbid
and can greatly interrupt the healthy development of adoles-
cents, leading to unfavorable outcomes, including disrupted
academic performance, impaired social function, and even
a rising possibility of self-harm and suicide (Balazs et al.,
2013; Gijzen et al., 2021; Tang et al., 2024; Thapar et al.,
2022; Wang et al., 2022).

In addition, IA is closely related to depression and anxi-
ety. According to the social displacement hypothesis, spend-
ing too much time engaging in online social interactions
decreases face-to-face communication and increases diffi-
culties in addressing problems adaptively in the real-world
environment (Bessiére et al., 2008), which contributes to a
greater likelihood of depression and anxiety (Faraci et al.,
2022). In line with the theory, a study employed hierarchical
regression to explore the relation between anxiety, depres-
sion, and social media use and found that overall social
media use is related to higher levels of depression and anx-
iety disorder (Woods & Scott, 2016). Similarly, an eight-
year longitudinal study also stated that adolescents who use
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social media more frequently may face an increasing risk
of suffering from depression and anxiety disorder (Coyne
et al., 2020). Also, Li et al. (2019) conducted a short-term
longitudinal study that demonstrated anxiety and depres-
sion were both positively associated with IA over time.
More seriously, during the pandemic, the relation between
depression, anxiety, and IA may be strengthened. Besalti
and Satici (2022) conducted a longitudinal study revealing
that students with internet addiction had lower learning sat-
isfaction in online learning environments, which is closely
related to the occurrence of depression and anxiety among
students (Gabrovec et al., 2022). This finding is in line with
the cognitive-behavioral model of pathological internet use,
indicating that underlying psychopathology (such as depres-
sion or anxiety) is a predisposed vulnerability to internet
overuse (Davis, 2001).

Moreover, according to the theory of compensatory
internet use, individuals may utilize the internet as a mal-
adaptive coping strategy for real-world issues (Gao et al.,
2018). Consequently, students may try to use the internet
to satisfy a psychological demand that cannot be satisfied
in their real surroundings (Stevens et al., 2019) to escape
the anxiety and depression caused by staying at home and
studying online (Li et al., 2019). Yet, excessive internet
use cannot fulfill unmet psychological demands and may
further contribute to the aggregation of depression and
anxiety (Jeong et al., 2020). Aligned with the theory, a
cross-lagged analytic study indicated that the severity of
both depression and IA increased during the pandemic,
and the development of depression and IA showed an
interactive pattern (Tian et al., 2022), which indicated
that the relation between depression and IA can be bidi-
rectional. Yet, the aforementioned studies, perceiving the
traditional perspective, treated depression, anxiety, and
IA as entities, which overlook the fact that these mental
disorders actually consist of different symptoms. Indeed,
these studies failed to look into the interaction between
the symptoms of depression, anxiety, and IA, hindering
further understanding of the possible bidirectional and
interactive development pattern, which raises an urgent
need for more in-depth research on this issue.

Different from the traditional perspective, network theory
may be appropriate for addressing the comorbidity among
anxiety, depression, and IA. According to network theory
(Borsboom, 2021), a mental disorder manifests from inter-
actions between symptoms. In addition, a symptom of one
disorder may trigger symptoms of another, resulting in the
onset and maintenance of comorbidity (Cramer et al., 2010).
Consequently, assessing the changes between symptoms
within several disorders might give a deeper understanding
of the mechanisms behind the persistence or resistance of
comorbidity (Bringmann et al., 2015). To our knowledge, a
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cross-sectional network study revealed three A symptoms
(i.e., “anticipation for future online activities”, “fear that
life is boring and empty without the internet”, and “spend
more time online over going out with others”) bridged the
co-occurrence network structure between depression and
IA among adolescents in Macau (Cai et al., 2022). In addi-
tion, a longitudinal study found that “guilty” (i.e., a symp-
tom of depression) and “escape” (i.e., a symptom of [A)
bridged depression and 1A, and the central symptoms across
two waves were consistent (Zhao et al., 2023). However,
Zhao et al. (2023) simply compared the characteristics of
the two cross-sectional networks, omitting the direction-
ality changes between symptoms over time. Although the
above studies tried to reveal the interrelationship between
depression and IA, they ignored the co-occurring psychi-
atric disorder, anxiety, which may result in a limited effect
of prevention or treatments (Nickerson et al., 2017). Hence,
the longitudinal feature of symptom networks between anx-
iety, depression, and IA among secondary school students is
worth exploring.

To sum up, the co-occurrence of anxiety, depression,
and TA has been well documented in previous studies,
but few have provided insight into the underlying mecha-
nisms of symptomology or the changes in the network
structures between the three mental disorders over time.
Inspired by the network approach, this exploratory study
utilized the cross-sectional symptom network (CSSN)
and cross-lagged panel network (CLPN) models to elu-
cidate time-varying associations and test the following
hypothesis.

Aim 1: Identify the central and bridge symptoms between
anxiety, depression, and IA among Chinese second-
ary school students before and after long-term online
learning.

Aim 2: Integrate cross-lagged panel models in the net-
work analysis framework and estimate autoregressive
and cross-lagged pathways of symptoms across time
to assess the dynamic changes in interactions between
anxiety, depression, and [A symptoms among Chinese
secondary school students throughout long-term on-
line learning during the pandemic of COVID-19.

Hypothesis 1: As previous studies stated, long-term on-
line learning is usually accompanied by the rising
possibility of IA, which shares a close relation with
depression and anxiety. Indeed, we hypothesize that
the connection between IA, depression, and anxiety
becomes tenser throughout long-term online learning,
manifesting as the global strength of the network in
the second wave being higher than that in the first
wave.

Methods
Participants and procedure

The first wave study randomly recruited 10,104 high school
students in February 2022, after two weeks of winter vaca-
tion, in 35 high schools in Harbin, China. Given the impact
of COVID-19, students had to take the course online for up
to four months (June 2022). The second wave of data collec-
tion was implemented in the fourth week after the resump-
tion of offline classes and randomly recruited 8,390 high
school students. Following the previous study (Zhang et al.,
2022), an online survey using the WeChat-based Wenjuanx-
ing application was utilized instead of the conventional
face-to-face interview to avoid the transmission of COVID-
19. After combining the two waves of data, the total num-
ber of valid data was 2,356 (Male, N=1,219; Female,
N=1,137; Age ,..un « sp = 13.84+1.37, age range from 12
to 17). Before participating, each participant as well as their
parents read about the specific purpose of the study and
electronically completed an informed consent form which
introduced the rights they obtained during the whole testing
process, such as “you can quit at any moment during the
whole procedure without any concern”. The Beijing Nor-
mal University ethics committee examined and approved
the research (Reference number: 202112220085).

Measures
Generalized anxiety disorder scale (GAD-7)

The GAD-7 is a brief 7 items scale, consisting of items like
“Worrying too much about different things”, that measures
anxiety symptoms over the previous two weeks on a scale
from O (not at all) to 3 (nearly every day) (Spitzer et al.,
2006). Higher scores indicate more severe anxiety symp-
toms. The Chinese version of GAD-7 has been proven to
be reliable and valid among Chinese adolescents (Tao et
al., 2024c). The GAD-7 has high internal consistency in
the present study at both wave 1 (¢=0.94) and wave 2
(2=0.95).

Patient health questionnaire (PHQ-9)

The PHQ-9 is a questionnaire-based depression scale
used to assist primary care practitioners in diagnosing
depression and monitoring treatment (Kroenke et al.,
2001). The Chinese version of PHQ-9 has nine items,
(such as “Little interest or pleasure in doing things)
scored from 0 (not at all) to 3 (nearly every day), for a
total score that ranges from 0 to 27, which was validated
as a proper tool to measure the level of depression among
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Chinese adolescents (Tao et al., 2024c). Higher scores
indicate more severe depressive symptoms. The PHQ-9
has high internal consistency in the present study at both
wave 1 (a=0.92) and wave 2 (a=0.94).

Internet addiction test (I1AT)

The IAT is a self-report scale consisting of 20 items
designed to measure various characteristics and behaviors
associated with internet addiction (IA) over the past month
(Young, 1998). Items, such as “How often do you find that
you stay online longer than you intended”, are rated on a
5-point Likert scale and can generate a maximum score of
100, with higher scores indicating a higher overall level of
IA severity. The Chinese version of the IAT has been well-
validated as an efficient tool for assessing the participants’
IA levels among the general Chinese population (Chang &
Law, 2008; Liang et al., 2022). The IAT has high internal
consistency in the present study at both wave 1 (¢=0.95)
and wave 2 (a=0.96).

Statistical analysis

The present study conducted all analyses utilizing R (ver-
sion 4.1.3). We used the cross-sectional symptom network
(CSSN) and the cross-lagged panel network (CLPN) to esti-
mate network structure. Specific procedures are detailed in
the supplement.

First, given that sex and age were significantly associ-
ated with anxiety, depression, and IA (Choi et al., 2015), we
conducted CSSNs and CLPN characteristics with sex and
age included. Second, we compared CSSNs with and with-
out the experience of offline classes during the pandemic of
COVID-19.

Results
Prevalence and descriptive statistics

In the present study, we used the cut-off points of 7 (Wang
et al., 2022), 8 (Manea et al., 2012), and 40 (Tateno et al.,
2018) for screening students inclined to anxiety, depression,
and IA. 11.67%, 14,22%, and 31.54% of all participants
reported anxiety, depression, and IA at wave 1, respectively.
At wave 2, 16%, 17.61%, and 31.54% of all participants
reported anxiety, depression, and [A.

The Mean, SD, Skew, and Kurtosis score of each item in
the GAD-7, PHQ-9, and IAT questionnaires are shown in
Table 1.
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Cross-sectional symptom networks (CSSNs)

The entire edge list for the baseline and follow-up networks
is given in the supplementary materials (i.e., Table S1 and
Table S2). In the baseline network (Part A of Fig. 1), the
strongest edges (top three) were between the symptoms
IAT®6 (i.e., school grades suffer) and IATS (i.e., job perfor-
mance or productivity suffer), IAT3 (i.e., prefer the excite-
ment online) and IAT19 (i.e., spend more time online over
going out with others), and GADI1 (i.e., nervousness) and
GAD2 (i.e., uncontrollable worry). Different from the
follow-up result (Part B of Fig. 1), it was shown that the
strongest edges (top three) were between the symptoms
PHQ?7 (i.e., concentration) and PHQS (i.e., motor), IAT19
(i.e., spend more time online over going out with others)
and IAT3 (i.e., prefer the excitement online), and GADI
(i.e., nervousness) and GAD4 (i.e., trouble relaxing). These
edges were significantly stronger than many other edges
in the network, as indicated by the edge weight difference
plots for both networks (see Supplementary Figure S1).

In part C of Fig. 1(see Supplementary Figure S2), the EI
of 36 symptoms in the CSSNs is plotted by order of respec-
tive values. The symptom (top three), GAD2 (i.e., uncon-
trollable worry), IAT20 (i.e., depressed/moody/nervous
being offline), and TAT8 (i.e., job performance or productiv-
ity suffer), had the highest EI value and was the most cen-
tral symptom both in the baseline and follow-up network.
Overall, these symptoms had significantly higher EI cen-
trality than other symptoms within two CSSNs, evinced by
the EI centrality difference plots (see Supplementary Fig-
ure S3). In part D of Fig. 1 (see Supplementary Figure S4),
there were 8 bridge symptoms in the baseline comorbidity
network (i.e., [AT14, PHQ2, PHQ6, PHQS8, PHQ9, GADI,
GAD6, GADS). However, at the follow-up, the number of
bridge symptoms decreased to 5 (i.e., PHQ2, PHQ9, GAD2,
GADS, GAD®).

Accuracy plots showed small-to-moderate Cis, suggest-
ing good accuracy for the baseline and follow-up networks
(see Supplementary Figure S5).

Network comparison test between wave 1 and wave 2

We compared the network structure and network centrality
indices between the two waves. As shown in Figure S6 (left
panel), the bootstrap value of the difference in global net-
work strength is significant (network strength among wave
1 was 17.6 and wave 2 was 18.9; S=1.3, p=0.025). The
right panel in Figure S6 indicated that the maximum dif-
ference in any edge weight (1000 permutations) bootstrap
value was significantly different (4/=0.20, p=0.012).
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Table 1 Item statistics

Wave 1 Wave 2

Variables Abbreviations M SD Skew  Kurtosis M SD Skew  Kurtosis
Stay online longer IAT1 228 112 0.69 -0.24 223 118 0.79 -0.19
Neglect chores to spend more time online 1AT2 193 1.07 1.05 0.45 191 1.06 1.09 0.54
Prefer the excitement online 1IAT3 1.78 1.05 1.38 1.31 1.77  1.07 137 1.17
Form new relationships IAT4 1.59 095 1.72 2.44 1.59 095 0.82 2.01
Others complain about your time IATS 241 127  0.63 -0.64 228 127 0.78 -0.42
School grades suffer IAT6 193 112 1.12 0.47 193 1.10 1.13 0.55
Check email/SNS before doing things 1AT7 1.64 099 1.61 2.03 1.63 097 1.64 2.21
Job performance or productivity suffer IATS8 152 093 195 2.36 1.56 095 090 223
Become defensive/secretive internet use IAT9 2.01 1.28 1.11 0.09 197 126 120 0.33
Soothe disturbing thoughts IAT10 .75 1.11 1.43 1.14 1.76  1.10 1.47 1.37
Anticipation IAT11 203 113 1.02 0.25 195 110 1.11 0.53
Life boring and empty IAT12 1.78 1.09 1.37 1.11 1.77  1.09 145 1.36
Snap or act annoyed if bothered IAT13 1.62 099 1.73 2.51 1.64 098 1.60 1.97
Sleep loss IAT14 1.51 093 1.06 2.93 1.52 093 1.03 2.78
Preoccupation with the internet IAT15 1.82 099 130 1.36 1.76 096 1.39 1.69
Request an extension for longer time 1IAT16 1.93  1.09 1.16 0.65 1.91 1.05 1.15 0.71
Failure to cut down the time IAT17 1.72 1.03 148 1.54 .72 1.03 1.52 1.73
Conceal the amount of time 1AT18 1.62 099 1.65 2.07 1.62 098 0.70 1.38
Spend more time online over going out with others ~ IAT19 1.49 092 1.09 2.00 1.52 092 096 2.50
Depressed/moody/nervous being offline IAT20 147 091 1.16 2.29 1.49 094 1.17 2.31
Anhedonia PHQI 038 0.69 0.01 1.90 040 0.72  0.90 1.11
Sad Mood PHQ2 031 0.64 133 2.59 037 070 1.03 2.69
Sleep PHQ3 035 071 122 1.52 034 074 130 2.60
Energy PHQ4 033 0.65 1.21 2.92 044 076 1.82 2.76
Appetite PHQS5 033  0.67 131 2.22 037 075 1.13 2.86
Guilt PHQ6 036 071 1.19 2.40 042 079 0.97 2.12
Concentration PHQ7 032 0.67 131 2.09 035 073 122 2.38
Motor PHQ8 023 0.58 0.86 1.43 030 0.68 0.50 1.83
Suicide PHQ9 0.18 0.53 140 2.30 024 061 1.92 2.47
Nervousness GADI1 027 059 141 2.08 035 0.69 1.13 2.26
Uncontrollable worry GAD2 023 058 193 2.88 032 070 1.40 2.24
Excessive worry GAD3 029 0.63 148 2.18 038 076 1.13 293
Trouble relaxing GAD4 027 0.62 1.64 2.09 036 072 123 2.55
Restlessness GAD5 0.19 052 131 2.09 024 0.60 1.82 2.04
Irritability GAD6 029 0.64 0.54 1.61 038 0.75 0.14 1.99
Feeling afraid GAD7 024 062 095 1.78 031 0.71 0.50 1.71

Cross-lagged panel network (CLPN)

All edge weights are given in the Supplementary Materials
(see Supplementary Table S3). As shown in Part A of Fig. 2,
the connection from the symptom PHQI1 (i.e., anhedonia)
to IAT3 (i.e., prefer the excitement online) displayed the
strongest cross-lagged connection, followed by the connec-
tions from PHQ1 (i.e., anhedonia) to IAT1 (i.e., stay online
longer), IAT11 (i.e., anticipation) to IAT16 (i.e., Request an
extension for longer time), and PHQI (i.e., anhedonia) to
IAT12 (i.e., life boring and empty). The above edge weights
difference tests indicated that these edges were significantly
stronger than most of the other edges.

Part B of Fig. 2 shows the CLPN for baseline symptoms
predicting follow-up symptoms along with the centrality

plots for the in-expected influence (IEIL, higher value stating
that this node is under more influence of other nodes) and
out-expected influence (OEI, higher value stating that this
node may exhibit more influence on other nodes). Descrip-
tively, the symptoms PHQI1 (i.e., anhedonia) and GAD6
(i.e., irritability) had the highest OEI, whereas the symp-
toms IAT13 (i.e., snap or act annoyed if bothered) had the
highest IEIL. These symptoms displayed significantly higher
OEI and IEI, respectively, compared to other symptoms in
the CLPN (see Supplementary Figure S7). In addition, IAT4
(i.e., form new relationships) and GADS (i.e., restlessness)
had higher and lower autoregression coefficients (see Part C
of Fig. 2). The accuracy plots indicated high accuracy of the
CLPN (see Supplementary Figure S8).
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Fig. 1 A the symptom network structure of wave (1) B the symptom
network structure of wave (2) C EI (expected influence, the higher
value stands for higher importance of this node in the network) values
of two waves. D the bridge EI values (the higher value stand for a
more important connecting effect between two different disorder) of

The case-drop bootstrapping results indicated strong sta-
bility of the EI centrality (CS-C=0.67) both in the baseline
and follow-up networks (see parts A and B of Fig. 3). Like-
wise, the case-drop bootstrapping results suggested strong
stability for the IEI (CS-C=0.51) and OEI (CS-C=0.31) in
CLPN (see part C of Fig. 3).

Discussion

Several findings are worth discussing as the first study
to explore the comorbidity network structure of anxiety,
depression, and IA among secondary school students before
and after long-term online learning during the pandemic of
COVID-19.

Differences between the baseline and follow-up
cross-sectional symptom networks (CSSNs)

First, we compared two comorbidity CSSNs and identi-

fied that “uncontrollable worry”, “depressed/moody/ner-
vous being offline”, and “job performance or productivity
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two waves. The lines refer to the relation between two nodes, green
ones stand for positive relations and red ones stand for negative rela-
tions while the thicker the line is, the closer the relation between these
two nodes share

suffer” served as symptoms with the highest EI value in
both wave 1 and wave 2, which stated that these symp-
toms shared the closest relation with other symptoms in
the network of depression, anxiety, and IA. Although the
top three central symptoms were consistent over time, the
global network strength revealed that the follow-up net-
work structure affected by long-term online learning was
significantly stronger than the baseline, which suggested a
tighter interaction and rising severity of comorbidity among
depression, anxiety, and IA. This result is similar to a previ-
ous longitudinal study, which found that containment man-
agement measures are likely to lead students to experience
hopelessness (Tao et al., 2023a). During online learning,
due to containment management, students are forced to stay
at home taking online courses and have fewer chances to be
involved in physical exercise and face-to-face interpersonal
communications (Kadir et al., 2023). Indeed, the effects of
containment on students as a repeatedly performed isola-
tion measure are ongoing, such as persistent uncontrollable
worry, which is an uncomfortable emotion associated with
a protracted event and potential negative events (American
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panel network

Psychological Association, 2015). What’s more, accord-
ing to the compensatory theory of internet use (Gao et al.,
2018), when students face negative emotions like uncontrol-
lable worry as well as an unsatisfied need for interpersonal
interactions, students may have difficulty concentrating on
their academic work and then engage in internet activities
to regulate their emotions and satisfy unmet psychological
needs instead (Stevens et al., 2019). Yet online activities are
unable to achieve students’ social satisfaction and emotional
bonding, and therefore, as the theory of compensatory inter-
net use suggests (Gao et al., 2018), students could show ner-
vousness, depressed mood, low motivation, and efficiency
in learning when they are offline (Obeid et al., 2019).
Similarly, a cross-sectional network study found that
“job performance or productivity suffer” had the highest
strength in the network structure of IA among patients with

major depressive disorder (Cai et al., 2022). Consistent with
the theory of the social displacement hypothesis (Bessicre et
al., 2008), we infer that the prolonged online learning status
tends to bring about overuse of the internet, making students
overly focus on the information shared online (Besalti &
Satici, 2022) and impairing the motivation to learn (Mabrur
& Suwartono, 2021), consequently negatively impacting
academic performance (Reed & Reay, 2015).

LEINT3

The nodes “sleep loss”, “sad mood”, “guilt”, “motor”,
“suicide”, “nervousness”, “irritability”, and “restlessness”,
were the critical bridge nodes linking the baseline comor-
bidity network, which partly confirms previous findings
(Cai et al., 2022; Zhao et al., 2023). It is important to note
that children frequently use the internet at night to avoid
conflict with their parents and conceal their online activ-

ity (Barthorpe et al., 2020). This results in less sleep and

LEINT3
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Fig. 3 Case-dropping bootstrap test of centrality indices. The x-axis
indicates the percentage of cases of the original sample included at
each step. The y-axis indicates the correlations between the EI, bridge
EI, OEI, and IEI from the original network and the EI, bridge EI, OEI,

a higher risk of depression, which is consistent with previ-
ous findings (Lemola et al., 2015). However, as the theory
of the cognitive-behavior model of pathological internet
use mentioned (Davis, 2001), long-term internet use may
increase the risk of anxiety and depression symptoms after
offline learning. Hence, we found that the bridge symptoms
decreased to 5 in the follow-up comorbidity network (i.e.,
sad mood, suicide, uncontrollable worry, restlessness, and
irritability).

Characteristics of cross-lagged panel network
(CLPN)

Additionally, the CLPN revealed that “snap or act annoyed
if bothered” was the highest IEI IA symptom predicted by
other symptoms, which indicated that many symptoms in
wave 1, such as “anhedonia” and “irritability” may influence
“snap or act annoyed if bothered” in wave 2. Meanwhile,
“anhedonia” (i.e., a depression symptom) and “irritabil-
ity” (i.e., an anxiety symptom) had the highest OEI, which
stated that those two symptoms may act as the triggering
symptoms that give rise to other symptoms, such as “snap
or act annoyed if bothered”. This result is consistent with

@ Springer
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and IEI from the networks re-estimated after excluding increasing per-
centages of cases. A the cross-sectional network of wave (1) B the
cross-sectional network of wave (2) C the cross-lagged panel network

a previous study, which reported that early emotion regu-
lation impacts emotional-behavioral functioning in middle
childhood (8 years of age), which influences the onset of
IA in adolescence (Cimino & Cerniglia, 2018). The study
revealed that the greatest harm of long exposure to online
learning is that students tend to show annoyance and irri-
tability if they feel disturbed. Furthermore, long-term
addiction to the internet is followed by a tendency towards
little interest or pleasure in engagement and becoming eas-
ily annoyed or irritable (Besalti & Satici, 2022; Cai et al.,
2022). Again, the result of CLPN confirmed the theory of
the cognitive-behavioral model of pathological Internet use
(Davis, 2001), that the underlying psychopathology (such
as depression or anxiety) is a predisposed vulnerability to
internet overuse.

Excessive internet use may negatively impact adoles-
cents’ cognition and time utilization, preventing them from
focusing on their academic work and feeling less energetic
(Salmela-Aro et al., 2017). Prolonged exposure to online
learning increases the risk of I[A-induced anxiety and
depression (Niu et al., 2023; Seki et al., 2019; Stevens et
al., 2019). The consistently highest centrality in CSSN and
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highest OEI in CLPN suggest that “irritability” plays a cen-
tral downstream effect on [A.

Implication

This study makes an important contribution to the related
field in terms of theoretical and practical aspects. Theo-
retically, the current study addresses the gaps in previous
research by examining the associations between long-term
online learning, anxiety, depression, and IA among sec-
ondary school students. It offers symptom-level and lon-
gitudinal evidence to enhance our understanding of these
relationships. Practically, the findings of the present study
can provide a basis for practical work to improve the men-
tal health of adolescents. Specifically, this study highlights
the significance of concern for the mental health of ado-
lescents who learn online or are quarantined. Effective
supervision of adolescents’ internet usage should also be
prioritized according to our results. Meanwhile, we identi-
fied “irritability” and “anhedonia” as the symptoms that
may trigger other symptoms of depression, anxiety, and
IA. Indeed, interventions aimed at helping adolescents
develop more efficient emotional regulation strategies
(such as cognitive behavioral therapy) and guiding ado-
lescents to rebuild pleasure in life (such as mindfulness)
may be helpful for the early prevention and alleviation of
depression, anxiety, and [A.

Limitations and future recommendations

The strengths of this study included the large sample size,
highly reliable results, and the use of network analysis to
explore the dynamic change in the network structure of anx-
iety, depression, and IA among secondary school students,
which could help pinpoint potential treatment and preven-
tion strategies for students facing these issues (Nickerson
et al., 2017). After controlling for age and gender in the
analysis, several limitations of this study should be noted.
Based on this, we also suggest some research directions
that researchers can consider in the future. First, differ-
ent from the experimental design, the causal associations
between anxiety, depression, and IA symptoms across time
could not be inferred in this research. Thus, future studies
can use experimental design to investigate the causal rela-
tion between anxiety, depression, and IA. Second, the study
involved high school students from Harbin, China, and
was conducted during the pandemic. Thus, even though we
calculated the prevalences of anxiety, depression, and IA
among participants, these findings may not be applicable to
high school students in different provinces or time periods.
More large-sample, cross-province, cross-country studies in
this area are needed in the future.

Conclusion

In conclusion, this study identified three central symptoms
(e.g., “uncontrollable worry”, “depressed/moody/nervous
being offline”, and “job performance or productivity suf-
fer”), that were consistent over time. To prevent negative
outcomes associated with anxiety, depression, and IA,
appropriate interventions targeting these central symptoms
warrant attention in future work. Furthermore, key bridge
symptoms (e.g., 8 bridge symptoms at baseline and 5 bridge
symptoms at follow-up) could be potential targets in the
treatment of secondary high school students with comor-
bidity networks of anxiety, depression, and IA. Finally, to
reduce the most affected symptom of IA (i.e., snap or act
annoyed if bothered), it is necessary to treat the anxiety
(i.e., irritability) and depression (i.e., anhedonia) symp-
toms immediately when secondary school students return
to offline learning.
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