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Abstract
The prevalence of comorbid depression and anxiety has increased significantly over the last three years. Herein, we used 
network analysis to identify core symptoms and comorbid pathways between the two disorders, and reveal temporal changes 
in symptoms that traditional assessment tools fail to capture. Data was collected from 787 clinically comorbid patients (mean 
age: 31.8 years, 67.1% female) who completed the Zung Self-Rating Depression Scale (SDS) and Self-Rating Anxiety Scale 
(SAS) before and after treatment (T1 → T2) from 2019 to 2022. Node and bridge strengths were calculated, and the Network 
Comparison Test (NCT) was used to explore network differences from T1 to T2 and across gender groups. Results indicate 
that emptiness exhibited the highest strength centrality, particularly among adolescents. The strongest bridge nodes were 
found in the emotional, physical, and psychological symptoms communities of the two disorders. Although the total score of 
the assessment tools decreased during treatment, NCT confirmed a significant increase in the overall strength of the network 
(p = .03). Notably, mental agitation exhibited higher strength within the male network. In conclusion, our findings provide 
further insights into the mechanisms of comorbid symptomatology and its evolution during treatment, offering valuable 
targets for intervention. Thus, suggesting the inclusion of network analysis in existing diagnostic, treatment, and follow-up 
processes facilitates personalized interventions and enhances patient recovery.
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Introduction

During the three-year COVID-19 pandemic, there has been 
a significant increase in the prevalence of depression and 
anxiety disorders (World Health Organization, 2022). These 
disorders exhibit high a rate of comorbidity (Chen, 2022; 
Saha et al., 2021). This may be attributed to common neu-
robiological mechanisms and psychological factors (Tafet 
& Nemeroff, 2020), and overlapping symptoms between 
two disorders (Cramer et al., 2010; Yapan et al., 2022). 
Compared to independent depression or anxiety, comor-
bidity leads to higher functional impairment (Melton et al., 
2016), poorer treatment outcomes (Furukawa et al., 2018), 
and poorer prognoses (Melton et al., 2016). These issues 
have been further highlighted during the COVID-19 pan-
demic. For example, at a national-level psychiatric hospital 
in Northwest China, the remission and recovery rates among 
outpatient patients reached 76%. However, follow-up results 
on a randomly selected sample of 1,840 comorbid patients 
between November 2019 and November 2022 revealed con-
trasting information. From the same sample, 451 patients 
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reported no improvement or recurrence after treatment, 
778 indicated overall improvement but with lingering or 
new symptoms, 239 provided neutral evaluations, and 372 
expressed satisfaction. Thus, comorbidity represents a wide-
spread and severe issue; there is an urgent need to investi-
gate the mechanisms involved in this condition. Currently, 
the dominant approach used to investigate mental disorders 
focuses on identifying the underlying common causes, 
whereby a hypothetical disease entity determines a range of 
symptoms (McNally, 2021). Within this framework, mental 
disorders are conceptualized as a foundation of symptom 
clusters, and comorbidity is often conceptualized as a rela-
tionship between two disorders (Cramer et al., 2010).

However, the common cause model may obscure the 
true characteristics of comorbidity. First, research often 
focuses on diagnosing disorders (Cramer et al., 2010). 
This may overlook the intricate relationships between 
symptoms. For example, according to the ICD-10, 
decreased interest and reduced activity are symptoms of 
a depressive episode. In the common cause model, the 
strong positive correlation between these symptoms is 
solely attributed to the shared influence of depression. 
However, one might question if there is a direct causal 
relationship between the symptoms, such as decreased 
interest leading to reduced activity. Secondly, the 
analysis of psychopathological data relies heavily on 
the latent variable model (Borsboom & Cramer, 2013). 
In these models, observed variables (i.e., symptoms or 
scale items) are treated as measurements of underlying 
variables (i.e., disorders), and symptoms are aggregated 
into a total score to reflect the severity of the disorder 
(Borsboom, 2008). However, this unweighted total score 
implies that all symptoms are considered equal (Cramer 
et al., 2010), potentially obscuring real changes in the 
condition. For example, two patients with identical 
total scores may present with different symptoms. One 
individual may score higher with regards to depressive 
mood but lower with regards to somatic symptoms; 
another individual’s situation might be the reverse. 
However, it is evident that the former may have a more 
severe condition. Although diagnostic criteria (e.g., the 
DSM-5) emphasize the importance of core symptoms, 
the common cause model of comorbidity research fails 
to focus on individual symptoms or symptom clusters 
(Cramer et  al., 2010). This may overlook individual 
heterogeneity and heterogeneity within disorders, leading 
to indiscriminate treatment approaches. For example, 
current treatments for depression are also generally 
effective for most other internalizing disorders such as 
anxiety (Junghänel et al., 2023).

A new perspective, network analysis, offers a better 
explanation for the intricate organization of psychiatric 
conditions (Borsboom & Cramer, 2013; Cramer et al., 

2010; McNally, 2021). This approach highlights causal 
relationships between symptoms, rather than being 
influenced by latent common causes (Borsboom, 2008). 
These causal relationships are real, encompassing direct 
associations between symptoms or mediated by other 
symptoms or processes (Cramer et al., 2010). For instance, 
in the case of GAD (Generalized Anxiety Disorder), 
insomnia may lead to attentional deficits through fatigue. 
This approach introduces an entirely different notion of 
comorbidity, thus emphasizing the direct relationships 
between symptoms across two disorders and aligning 
naturally with clinical practice (Kim & Ahn, 2002; 
McNally, 2021). Consequently, when constructing 
comorbidity models, we no longer assume direct 
relationships between two disorders. Instead, we combine 
symptoms together and model comorbidity with a direct 
relationship between a set of symptoms. The advancement 
of network analysis has enriched the study of comorbidity 
between depression and anxiety disorders. For example, 
overlapping symptoms (e.g., insomnia and fatigue) serve 
as connecting points in comorbidity (Cramer et al., 2010); 
core symptoms, such as depressed and anxious moods 
play a crucial role in the onset and maintenance of mental 
disorders (Beard et al., 2016). Bridges between depression 
and anxiety transmit information and contribute to their 
high comorbidity rate (Fried, 2015). In another study, 
Jones et al. (Jones et al., 2021) further developed bridge 
centrality indices to identify bridge symptoms that 
facilitate the spread of comorbidity. Moreover, networks 
can be compared across groups or time periods (van 
Borkulo et al., 2022).

However, previous research yielded inconsistent or 
contradictory results. For instance, Beard et al. (2016)) reported 
increased connectivity among symptoms after treatment, 
whereas Kaiser et al. (Kaiser et al., 2021) challenged this 
result. Possible reasons for such discrepancies may be related 
to variations in study populations, assessment tools, and 
selected network analysis methods (Robinaugh et al., 2020). In 
addition, the cultural (Yang et al., 2022), social environments of 
participants (Kim et al., 2023; Leong et al., 2021) and economic 
status (Jing et al., 2023) can also influence study outcomes.

Therefore, in the present study, we aimed to investigate the 
network characteristics of comorbidity between depression 
and anxiety, identify core symptoms and comorbid pathways, 
and explore symptom changes that cannot be captured by 
existing assessment tools by comparing networks before 
(T1) and after treatment (T2). In addition, we conducted a 
comparative analysis of networks among different genders; 
this part of the research was carried out for three main reasons: 
first, the heightened susceptibility of women to the impact on 
mental health caused by the recent pandemic (World Health 
Organization, 2022); second, previous research relating to 
the nature of this disease obtained from network variations 
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between females and males (Borsboom & Cramer, 2013), and 
third, the enhanced reliability and applicability of the study 
across different groups.

Methods

Participants

Between December 2019 and November 2022, participants 
with symptoms of depression and anxiety were diagnosed 
by clinical interviews based on the International 
Classification of Diseases, 10th Revision (World Health 
Organization, 1992). The patients received treatment as 
outpatients at a public psychiatric hospital. The inclusion 
criteria were as follows: a primary diagnosis of depression 
(ICD codes F32 or F33) or anxiety (F40 or F41) 
disorders, with the presence of the other as a secondary 
diagnosis (see Supplementary Table S1). Assessments 
were conducted pre- and post-treatment. The study was 
approved by the Ethics Review Committee of Ningxia 
Mental Health Center and all participants provided written 
informed consent, either in paper or electronic format. 
Table 1 lists demographic data.

Measures

The self-rating anxiety scale (SAS) and self-rating depression 
scale (SDS), developed by Zung (1965, 1971), each consist 
of 20 items scored from 1 to 4. The scores of the 20 items are 
then summated to obtain a raw score which is then multiplied 
by 1.25 and rounded to the nearest whole number to derive 
the standard score. A higher total score indicates a greater 
tendency towards anxiety or depression. The SAS scale covers 
psychological and somatic symptoms (Zung, 1971) while the 
SDS scale includes affective, physiological, psychomotor, 
and psychological symptoms (Zung, 1965). Figure 1 shows 
the items that are included in each dimension of the scale. 
These scales have been standardized and shown to be effective 
in China (Wang et al., 1999, pp. 468–471, 388–391). In this 
study, the internal consistency of the scales was as follows: 
SAS at T1 (Cronbach's α = 0.908; McDonald's ω = 0.912) 
and T2 (Cronbach's α = 0.929; McDonald's ω = 0.932); SDS 
at T1 (Cronbach's α = 0.907; McDonald's ω = 0.909) and 
T2 (Cronbach's α = 0.933; McDonald's ω = 0.934). Further 
details regarding the item codes, the complete item content, 
the assessed symptoms, and the Chinese version, are shown 
in Supplementary Material Table S2. Reverse-scored items 
were adjusted appropriately.

Data analysis

Descriptive statistics and missing data handling

SPSS version 25.0 was used to calculate descriptive 
statistics. We excluded ten samples because of missing data 
and data anomalies. For samples that were missing < 0.5% of 
item data, missing values were replaced with the mean. The 
final sample comprised 787 participants; data from these 
patients were then used for network analysis.

Network estimation

Network analysis was conducted using R software (version 
4.2.2). Analysis involved nodes and edges with each 
symptom treated as a node and the partial correlation 
between symptoms as an edge (van Borkulo et al., 2015). 
First, we estimated an extended Bayesian information 
criterion (EBIC) graphical least absolute shrinkage and 
selection operator (LASSO) network model encompassing 
all items (Jankova & van de Geer, 2018). After controlling 
for all other symptoms in the network, we calculated the 
association between each pair of symptoms using partial 
correlation. LASSO was then employed to shrink small 
correlations to zero, with the tuning parameter set by the 
EBIC. Importantly, we ensured that non-zero correlations 
were conditionally dependent, thus eliminating spurious 
relationships with other network variables. This resulted 

Table 1   Demographic Data (n = 787)

Characteristics n (%)

Gender
  Female 528 (67.1)
  Male 259 (32.9)

Educational Level
  Primary School and below 115 (14.6)
  Senior Middle School 217 (27.6)
  Senior High School 213 (27.1)
  College and above 242 (30.7)

Marital Status
  Unmarried 417 (53.0)
  Married 335 (42.6)
  Other 35 (4.4)

Employment and income status
  Students 342 (43.5)
  Unemployed 137 (17.4)
  Unstable income 177(22.5)
  Stable income 131 (16.6)

Treatment settings
  Medication 545 (69.3)
  Psychotherapy/counseling 127 (16.1)
  Both medication and psychotherapy 115 (14.6)

Mean (SD)
Age (years) 31.8 (17.3)
Treatment duration (days) 26.5 (5.4)
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in a sparser and more interpretable network. Blue 
edges indicated positive correlations, while red edges 
represented negative correlations. Secondly, to optimize 
the visualization of the networks and minimize potential 
overlaps between edges and nodes, we utilized the Average 
Layout Function. This function enabled us to fix the 
average layout of both networks. For analysis we used 
two R packages: qgraph version 1.9.4 and bootnet version 
1.5 (Epskamp et al., 2018). Thirdly, we assessed network 
properties using the centrality plot function from the 
qgraph package in R. Specifically, we focused on strength 
centrality, which was computed by summating the absolute 
edge weights of all nodes directly connected to a given 
node (Bringmann et al., 2019). Finally, we considered 
the bridge nodes and estimated the bridge strength; this 
parameter indicates the total connectivity of each node with 
the nodes of other communities with which it is directly 
related by summating the weights of the edges that connect 
the node with nodes of other communities considering 
absolute values (Jones et al., 2021). A blind cut-off point 
at the 80th percentile (a cut-off that is considered to provide 
an acceptable balance between sensitivity and specificity) 
of bridge strength was applied to identify bridge nodes 
(Jones et al., 2021).

Comparison of networks

To compare the global connection and local differences 
between networks, we utilized the R package Network 

Comparison Test (van Borkulo et al., 2022). This involved 
analyzing invariant global strength and invariant edge 
weights using permutation tests with 1000 iterations. 
Participants were randomly assigned to different groups 
(e.g., T1 and T2, female and male). Networks were then 
constructed, estimated, and compared using a bootstrap 
resampling method repeated 1000 times to generate the 
null distribution of network differences under the null 
hypothesis. The significance level was set at 0.05. Global 
strength, the weighted sum of all edges, was used to 
assess overall differences in strength (Opsahl et al., 2010). 
Furthermore, invariant edge weights were examined to 
identify any differing edges between networks. Local 
network properties were evaluated by assessing strength 
invariance, thus reflecting variations in node strength (van 
Borkulo et al., 2022).

Network robustness

To confirm the robustness of the results, we employed the R 
package bootnet (version 1.4.3) to evaluate the stability and 
accuracy of the network. Node stability was assessed by a 
case-dropping bootstrap procedure and quantified using the 
correlation stability coefficient (CS-C). The accuracy of the 
edge weights was estimated using a non-parametric bootstrap 
method to calculate 95% confidence intervals (CIs). Finally, 
we conducted bootstrapped difference tests to identify differ-
ences in network properties, relying on 95% confidence inter-
vals (CIs) to determine significance (Epskamp et al., 2018).

Fig. 1   The network structure of comorbid anxiety and depression symptoms (n = 787) at T1 (left panel) and T2 (right panel). Note: The member-
ship of the nodes to different communities and bridge nodes are represented by different colors
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Results

Descriptive statistics

Item-codes, symptom abbreviations, scores, and data distribution 
are shown in Table 2. Comparisons were made between T1 and 
T2 to assess the severity of each disorder. Following treatment, 

a significant reduction in anxiety and depression levels was 
detected among patients (tSAS(786) = 11.12, p < 0.001, d = 0.41; 
tSDS(786) = 11.12, p < 0.001, d = 0.45). Similar findings emerged 
when evaluating gender-specific groups before and after 
treatment. However, t-tests conducted between male and female 
groups during the same period did not yield any significant 
differences (for more details, see Supplementary Table S3).

Table 2   Item-codes and symptom abbreviations used in network plots, and descriptive statistics of the item scores at T1 and T2

Item-codes Symptom Abbreviation T1 (n = 787) T2 (n = 787)

Mean SD Skewness Kurtosis Mean SD Skewness Kurtosis

SAS1 Anxiousness 2.63 0.97 -0.28 -0.88 2.23 0.99 0.19 -1.08
SAS2 Fear 2.33 1.01 0.09 -1.14 1.98 0.99 0.57 -0.88
SAS3 Panic 2.73 0.95 -0.39 -0.72 2.37 1.02 0.03 -1.16
SAS4 Mental disintegration 2.23 1.02 0.25 -1.11 1.91 1.00 0.67 -0.82
SAS5 Apprehension 3.06 0.93 -0.70 -0.46 2.80 1.03 -0.34 -1.07
SAS6 Tremors 1.95 0.94 0.59 -0.74 1.76 0.94 0.91 -0.35
SAS7 Body aches and pains 2.20 1.04 0.25 -1.19 2.01 1.04 0.57 -0.97
SAS8 Easy fatiguability 2.83 0.98 -0.47 -0.75 2.46 1.07 -0.04 -1.26
SAS9 Restlessness 2.94 0.93 -0.48 -0.67 2.65 1.00 -0.15 -1.04
SAS10 Palpitation 2.11 0.93 0.28 -0.97 1.84 0.89 0.66 -0.63
SAS11 Dizziness 2.13 0.97 0.31 -1.02 1.88 0.97 0.67 -0.78
SAS12 Faintness 1.80 0.93 0.86 -0.35 1.65 0.89 1.16 0.29
SAS13 Dyspnea 2.59 1.06 -0.11 -1.20 2.31 1.11 0.26 -1.28
SAS14 Paresthesia 1.68 0.87 1.01 -0.03 1.58 0.82 1.27 0.72
SAS15 Nausea and vomiting 2.00 1.00 0.54 -0.90 1.87 1.00 0.76 -0.70
SAS16 Urinary frequency 2.05 0.97 0.40 -1.00 1.93 0.95 0.54 -0.92
SAS17 Sweating 2.80 1.03 -0.26 -1.15 2.47 1.05 0.09 -1.18
SAS18 Face flushing 1.77 0.85 0.81 -0.23 1.69 0.82 0.94 0.03
SAS19 Insomnia 3.25 0.95 -0.96 -0.28 2.84 1.07 -0.37 -1.19
SAS20 Nightmares 2.25 1.04 0.26 -1.14 2.04 1.00 0.50 -0.96
SDS1 Depressed 2.82 0.96 -0.40 -0.79 2.40 1.03 0.06 -1.14
SDS2 Diurnal variation 2.92 1.04 -0.55 -0.92 2.74 1.06 -0.27 -1.16
SDS3 Crying spells 2.27 1.01 0.17 -1.11 1.91 1.00 0.73 -0.67
SDS4 Sleep difficulty 2.79 1.04 -0.41 -1.02 2.44 1.11 0.02 -1.34
SDS5 Appetite 2.68 1.04 -0.28 -1.07 2.40 1.05 0.16 -1.17
SDS6 Sex 3.11 0.97 -0.80 -0.46 2.82 1.06 -0.37 -1.13
SDS7 Weight loss 1.86 1.02 0.85 -0.55 1.69 0.92 1.12 0.16
SDS8 Constipation 1.82 0.99 0.88 -0.45 1.78 0.98 0.95 -0.33
SDS9 Tachycardia 2.13 0.98 0.33 -1.02 1.86 0.93 0.74 -0.54
SDS10 Fatigue 2.86 1.01 -0.55 -0.76 2.46 1.11 -0.03 -1.35
SDS11 Confusion 2.74 0.99 -0.38 -0.86 2.48 1.03 0.01 -1.13
SDS12 Retardation 2.77 0.98 -0.35 -0.87 2.49 1.04 -0.02 -1.17
SDS13 Agitation 2.69 0.99 -0.35 -0.88 2.33 1.06 0.13 -1.22
SDS14 Hopelessness 2.87 1.02 -0.43 -0.98 2.50 1.08 0.03 -1.26
SDS15 Irritability 2.58 1.01 -0.18 -1.05 2.24 1.03 0.21 -1.16
SDS16 Indecisiveness 3.02 0.90 -0.58 -0.51 2.76 0.97 -0.31 -0.89
SDS17 Personal devaluation 2.81 1.07 -0.35 -1.16 2.54 1.09 0.01 -1.29
SDS18 Emptiness 3.05 0.96 -0.67 -0.61 2.73 1.05 -0.24 -1.17
SDS19 Suicidal rumination 2.07 1.11 0.50 -1.17 1.84 1.06 0.92 -0.55
SDS20 Dissatisfaction 2.90 1.00 -0.49 -0.87 2.57 1.09 -0.08 -1.28
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Network at T1

The network plot in Fig. 1 shows the densest connections 
between depressive and anxiety symptoms in the upper 
right quadrant. Symptoms such as SDS1 (depressed), 
SDS3 (crying spells), SDS13 (agitation), SDS15 
(irritability), SDS4 (sleep difficulty), as well as anxiety-
related psychological symptoms, including SAS1 
(anxiousness), SAS2 (fear) and SAS3 (panic), SAS4 
(mental disintegration) and SAS19 (insomnia) were 
shown to be directly interconnected or linked through 
intermediate nodes. The network analysis highlighted the 
strongest edges between the overlapping symptoms of 
anxiety and depression, such as SDS9 (tachycardia) and 
SAS10 (palpitation), SDS10 (fatigue) and SAS8 (easy 
fatiguability), and sleep difficulty and insomnia. The 
symptom with the highest strength was SDS18 (emptiness), 
followed by palpitations, panic, anxiousness, SDS14 
(hopelessness), fatigue, SDS17 (personal devaluation) 
and depressed.

Based on the values of bridge strength presented 
in Table 3, Figs. 1 and 2 illustrates the symptoms that 
function as bridge nodes. These nodes, which scored 
in the top 20% for bridge strength, included fatigue, 
depressed, agitation, sleep difficulty, tachycardia, crying 
spells, insomnia and irritability. Edge investigation 
showed that the connections between anxiety and 
depression symptoms primarily occurred via these bridge 
nodes. Notably, most of these bridge nodes corresponded 
to the affective, physiological, and psychological 
symptom domains of the SDS. The only exception was 
insomnia, which fell under the somatic symptom domain 
of the SAS.

Network comparisons

Comparing the T1 and T2 networks, no significant 
differences were found in terms of the distribution of 
edge weights (p = 0.64). However, there was a significant 
increase in global strength (p = 0.03). Further analysis 
of local strength invariance revealed that the greatest 
differences occurred in panic, SAS15 (nausea and 
vomiting), along with insomnia, tachycardia and SDS11 
(confusion), as shown in Table 3. With regards to the T1 
network, there were no gender differences in edge weights 
(p = 0.14) or overall strength (p = 0.12). However, when 
analyzing local strength, we found that hopelessness was 
significantly reduced in strength in the male network, 
while mental disintegration was increased in strength 
(ranking fifth). The network analysis plots and strength 
centrality for different gender groups are shown in 
Supplementary Figures S1 and S2.

Network stability and accuracy

Case-dropping bootstrap analysis revealed a highly stable 
network with consistent values for strength and bridge 
strength even when reducing the sample size by 75%. The 
CS-C values for both strength and bridge strength were 
0.75 (r = 0.7), thus indicating minimal changes in the 
findings. The non-parametric bootstrap method confirmed 
the stability of the edge weights, as they remained 
identical in the bootstrapped sample. The calculated 
CIs for edge weights reflected a reliable network, with 
narrower intervals indicating greater reliability. In 
addition, bootstrapped difference tests revealed statistically 
significant comparisons between edge weights and node 
strength, further supporting the robustness of the network 
analysis. (See Supplementary Figures S3-S7 for details).

Discussion

This study describes the first exploration of comorbidity 
in depression and anxiety using network analysis in a 
large clinical sample in China. Analysis identified core 
symptoms, bridge symptoms and comorbidity pathways. 
In addition, we investigated symptom changes during 
treatment and differences between gender. Importantly, 
the network demonstrated robustness, thus enhancing 
confidence in the conclusions drawn from this research.

Central symptoms

Our analysis found that emptiness was the most cen-
tral symptom closely associated with depressive mood, 
hopelessness, self-deprecation, and loss-of-interest; 
furthermore, via bridge nodes, such as depression and 
fatigue, emptiness was also linked to psychological and 
physiological symptoms of anxiety. In addition, in the T2 
network, emptiness continued to hold a central position. 
Further variance analysis revealed that students (66% of 
whom were secondary school students) scored the high-
est in terms of feelings of emptiness (see Supplementary 
Table S4). This aligns with the definition of emptiness, a 
negative emotional state involving physiological aspects, 
loneliness, social disconnection, dissatisfaction or a lack of 
goals (D’Agostino et al., 2020). However, our understand-
ing of emptiness is limited, primarily due to its correlation 
or overlap with similar psychological states such as lone-
liness, or the difficulty in determining its importance in 
diagnosing mood disorders (Konjusha et al., 2021). As the 
strongest node in the network, the presence of emptiness 
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indicates a higher probability of activating other symptoms 
and increasing overall functional impairment. This may be 
more important than first thought.

This finding aligns with the concept of “hollow mind dis-
order”. This disorder was initially proposed by Xu Kaiwen, 
a professor of clinical psychology at Peking University, in 
response to the cultural background and educational situa-
tion in China. This disorder specifically refers to students 

who feel spiritually empty, lacking value and meaning in 
life, despite having superior material conditions and no 
apparent trauma. This state is accompanied by the emer-
gence of depressive symptoms, including low mood, dimin-
ished interest, helplessness, despair, anxiety as well as addic-
tive, self-harming and suicidal behaviors (Casaleet al., 2023; 
Gineret al., 2016; Xu, 2016). Chinese traditional culture 
emphasizes that children are the only hope of prosperity for 

Table 3   Node strength, bridge 
strength and the comparison of 
strength differences

Item-codes T1 T2 Strength Invariance

Strength Bridge strength Strength Bridge strength Difference p

SAS1 1.11 0.68 0.99 0.55 0.12 0.16
SAS2 1.00 0.45 1.04 0.47 -0.04 0.63
SAS3 1.16 0.64 1.28 0.79 -0.12 0.03*

SAS4 1.02 0.70 1.05 0.68 -0.03 0.68
SAS5 0.68 0.65 0.73 0.69 -0.05 0.54
SAS6 1.01 0.42 0.89 0.26 0.12 0.09
SAS7 0.97 0.21 0.97 0.14 0.00 0.92
SAS8 1.05 0.70 1.09 0.82 -0.05 0.44
SAS9 0.93 0.78 0.95 0.66 -0.02 0.82
SAS10 1.17 0.71 1.04 0.68 0.14 0.07
SAS11 1.08 0.28 1.07 0.19 0.01 0.90
SAS12 0.95 0.20 1.04 0.34 -0.09 0.35
SAS13 0.69 0.33 0.79 0.47 -0.10 0.23
SAS14 0.87 0.11 0.99 0.29 -0.13 0.21
SAS15 0.80 0.24 1.05 0.58 -0.25  < 0.01**

SAS16 0.64 0.31 0.57 0.23 0.07 0.4
SAS17 0.62 0.36 0.61 0.35 0.01 0.94
SAS18 0.66 0.16 0.67 0.23 -0.01 0.97
SAS19 0.89 0.86 1.09 1.05 -0.20 0.01*

SAS20 0.79 0.65 0.71 0.61 0.08 0.12
SDS1 1.08 0.97 1.03 0.89 0.05 0.4
SDS2 0.60 0.37 0.62 0.46 -0.01 0.86
SDS3 0.98 0.86 1.00 0.86 -0.02 0.74
SDS4 0.97 0.88 1.07 0.91 -0.10 0.23
SDS5 0.94 0.59 0.85 0.54 0.09 0.32
SDS6 0.61 0.37 0.73 0.62 -0.11 0.08
SDS7 0.58 0.32 0.52 0.30 0.06 0.43
SDS8 0.53 0.44 0.60 0.43 -0.07 0.38
SDS9 0.96 0.88 1.15 1.08 -0.19  < 0.01**

SDS10 1.09 1.01 1.16 0.96 -0.06 0.3
SDS11 0.91 0.61 1.05 0.67 -0.13 0.04*

SDS12 0.94 0.64 0.90 0.53 0.04 0.58
SDS13 1.05 0.89 1.03 0.86 0.01 0.90
SDS14 1.11 0.37 1.12 0.49 -0.01 0.93
SDS15 0.96 0.83 0.96 0.81 0.01 0.89
SDS16 0.83 0.42 0.92 0.51 -0.08 0.39
SDS17 1.08 0.25 1.11 0.24 -0.02 0.78
SDS18 1.25 0.53 1.21 0.45 0.04 0.60
SDS19 0.82 0.51 0.80 0.62 0.02 0.79
SDS20 0.96 0.45 1.07 0.49 -0.11 0.11
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the family; moreover, the children should strive wholeheart-
edly for the future of the family. Good exam grades and pres-
tigious universities are considered the best way to achieve 
this, as reflected in the Chinese proverb “of all things, read-
ing alone is the highest”. This has led to a utilitarian exam-
oriented educational system and widespread educational 
anxiety in society. In this context, students face immense 
academic pressure, leaving little time for social interaction 
and the self-exploration of personal interests. Moreover, stu-
dents tend to internalize their academic performance as a 
vital component of their self-worth. Students lacking values, 
meaning in life, and goals are more vulnerable to feelings 
of emptiness, helplessness, depressive mood, and anxiety 
(D’Agostino et al., 2020). The COVID-19 pandemic dis-
rupted their activities, reduced autonomy in learning, and 
increased reliance on the internet, thus intensifying feelings 
of emptiness and triggering the occurrence and exacerbation 
of depressive and anxiety symptoms (Zerach, 2021).

Moreover, hollow mind disorder is not limited to China; 
this condition has also been observed in Western culture 
(e.g., the poem “The Hollow Men” by T.S. Eliot; D’Agostino 
et al., 2020). Further research can provide cross-cultural 
evidence to corroborate this finding.

Bridge symptoms and comorbid pathways

We found that the comorbid pathways involved most 
dimensions of both disorders, thus enriching previous 
research (e.g., Dobson et al., 2021; Fan et al., 2023; Groen 
et al., 2020). Interconnections between the two diseases extend 
beyond emotional symptoms and may involve relationships 
between physical and psychological symptoms. This implies 

that once these nodes are activated, comorbidity between 
patients may be more likely to occur. For instance, sleep 
difficulties, palpitations, and the fatigue associated with 
depression, may trigger clusters of physical symptoms related 
to anxiety. Similarly, psychological symptoms associated 
with depression, such as anxiety and irritability, may trigger 
psychological symptoms related to anxiety, and vice versa. 
Alternatively, these bridging nodes may themselves be 
activated, simultaneously triggering both anxiety-related 
and depression-related symptoms. This suggests the need to 
consider the interconnections between multiple dimensions 
in interventions to disrupt the comorbid pathways. Given 
the lack of long-term and multiple time-point data (three or 
more), caution is warranted when interpreting the directional 
explanations of the bridging pathways in this study.

Assessment of treatment outcomes

Our NCT findings confirmed that during treatment, there is 
a significant increase in overall network strength. However, a 
difference test of total scores indicated a marked improvement 
in comorbid symptoms following treatment. These results 
align with previous work that reported enhanced connectivity 
among symptoms during the therapeutic period (Beard et al., 
2016). In another paper, Fried et al. (2016) postulated that this 
may be attributed to spurious effects caused by measurement 
artifacts. However, such an explanation does not apply to 
the study conducted by Beard et al. (2016) or the present 
findings, as both pre- and post-treatment total scores exhibited 
a relatively normal distribution without any apparent floor or 
ceiling effects (see Table 2). As highlighted by Fried and Nesse 
(2015), commonly used total scores may mask the interactions 

Fig. 2   Node strength and bridge strength centrality estimates for the network at T1 and T2
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between symptoms. Node strength invariance support this 
inference, with the majority of nodes showing significant 
differences, thus playing crucial roles in the network. For 
instance, anxiety serves as a central node, while insomnia and 
tachycardia act as pivotal bridge nodes. The enhancement of 
connections with these symptoms or symptom clusters during 
treatment is likely to be the primary factor contributing to the 
overall increase in connectivity observed in this study. This 
suggests that our current assessment tools may be inadequate 
and lead to inconsistencies between clinical assessments and 
patient feedback.

Gender differences

Mental disintegration is more prominent in males compared 
to females, correlating strongly with fear, panic, irritabil-
ity, and crying spells. In the Chinese version of the SAS, 
mental disintegration is described as a feeling of going mad. 
Chinese society exhibits strong gender role norms (Qing, 
2020; Xu & Meier, 2022) in which males are traditionally 
expected to be breadwinners. Despite the narrowing of gen-
der differences in occupational division over time, the tra-
ditional notion of "men should be breadwinners and women 
homemakers" remains prevalent. Males who face career 
difficulties may be labeled as lacking competence or ambi-
tion. Even among student populations, boys are burdened 
with higher expectations (Xu & Meier, 2022). Influenced 
by traditional culture, such as "men don't easily shed tears", 
males tend to suppress negative emotions, or handle them in 
a more rational manner (Coutlee & Huettel, 2012) to uphold 
their Mianzi, a concept embedded in Chinese culture that 
represents social recognition of an individual's status and 
the maintenance of personal dignity and prestige (Buckley 
et al., 2010). Consequently, denial, concealment, and emo-
tional diversion through substances (such as tobacco and 
alcohol) become common defense mechanisms for males. 
When faced with a series of negative events (e.g., reduced 
social interactions, declining income, unemployment, and 
indebtedness during the COVID-19 pandemic) that they are 
unable to resolve, their previous defense mechanisms are 
shattered, potentially leading to a sense of detachment from 
society (Anderson et al., 2012), the fear of abandonment, 
and the fear of lacking family and social status (Morrison, 
1989). These heightened anxiety experiences can trigger 
panic, resulting in mental disintegration, rage, and extreme 
feelings of helplessness (Taffler et al., 2017).

It is worth noting that gender differences in emotional 
expression are also prevalent in Western societies (Chaplin, 
2015). Thus, the characteristic of mental disintegration as a 
core symptom in male comorbidity may potentially exhibit 
cross-cultural universality when confronted with negative 
events.

Limitations

Although this study revealed temporal changes in symp-
tom networks, caution is warranted in providing direc-
tional explanations for causal relationships among symp-
toms. Such interpretations may necessitate the inclusion 
of data from three or more time points, the implementation 
of cross-lagged panel network analysis (CLPN), and the 
differentiation between internal and external influences to 
confidently elucidate the directional aspects of causal rela-
tionships among symptoms. We aim to target this objective 
in our future research.

Conclusion

This study provides further insights into the mechanisms 
of comorbid symptomatology and its evolution during 
treatment, offering valuable clinical implications. First, 
emptiness can serve as a critical focal point for inter-
ventions, particularly among secondary school students. 
Given the primarily pharmacological treatment approach 
employed in this study (see Table 1), targeted interven-
tions such as psychotherapy may yield better outcomes. 
Family therapy can alleviate parental anxiety and stress 
while improving parent–child relationships. Client-cen-
tered therapy can establish a safe therapeutic alliance, 
thus providing unconditional acceptance to students. 
Cognitive-behavioral therapy encourages the exploration 
of personal interests, fostering improved relationships and 
greater psychological resources. To tackle the core symp-
tom of emptiness in secondary school students, Existential 
Group Therapy offers a targeted strategy (Peteet, 2011). 
This therapeutic approach employs artistic and creative 
activities, such as constructing a "Tree of Life" and partici-
pating in psychodrama sessions (Moon, 2009), along with 
group characteristics (e.g., mutual support, mutual assis-
tance, and the cultivation of hope) to progressively explore 
various sub-themes (e.g., loneliness and emptiness, self, 
existential anxiety, fear of death, purpose in life, volun-
tary selection and assuming responsibility). Ultimately, 
Existential Group Therapy aims to assist group members 
in achieving self-identification, strengthening the sense of 
meaning in life, thereby alleviating existential anxiety, the 
fear of death and depression (Ding et al., 2022; Tomaszek 
& Muchacka-Cymerman, 2020). Moreover, existing 
assessment tools reveal limitations in capturing true 
symptom changes, prompting the integration of network 
analysis in clinical practice. We have started integrating 
the reshape2 package in the R language with the hospital's 
existing information system (HIS) for data extraction and 
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analysis, thus enhancing technical feasibility and clinical 
convenience. This approach enables clinicians to access 
additional symptom network characteristics. Finally, the 
heightened centrality of mental disintegration in the male 
network may be attributed to gender role norms and dif-
ferences in emotional expression, thus emphasizing the 
importance of adapting emotional regulation and stress 
coping strategies among males.

In conclusion, network analysis provides additional 
insights at the symptom level, thus suggesting the inclusion 
of network analysis in existing diagnostic, treatment, and 
follow-up processes to develop more personalized treatment 
plans and expedite recovery in comorbid populations.
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