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Abstract

Background This study aimed to investigate the interplay between anxiety and depressive symptoms in Chinese
college freshmen using the causal system perspective (CSP), which differs from the traditional common cause
perspective (CCP) by providing an alternative explanation by attributing comorbidity to direct interactions among
symptoms.

Methods A convenience sample of 2,082 Chinese college freshmen (39.51% male, Mage =18.61) from a normal
university completed the Generalized Anxiety Disorder 7-Item Scale (GAD-7) and the Patient Health Questionnaire
(PHQ-9). Network analysis was conducted and evaluated as to centrality, stability, node predictability, and bridging
features. Moreover, the moderated network model (MNM) was utilized to detect the moderation effects of gender in
the comorbidity network.

Results The network of anxiety and depressive symptoms exhibited stability, characterized by the core symptoms of
"restlessness”, “lack of energy’, and “excessive worry about control’, as well as the bridging symptoms of “fearfulness’,
“sad mood", and “irritability” Notably, the nodes representing “uncontrollable worry”and “difficulty in relaxation”
demonstrated the highest predictive power. Gender did not exert any moderating effects on the anxiety and

depressive symptom network.

Conclusion These results reinforce that certain anxiety or depressive symptoms are more central than others,
and thus play a more vital role in the comorbid network. These findings highlight underlying potential targeting
symptoms to consider in future interventions.

Keywords Anxiety, Depression, Comorbidity, Network analysis, Gender differences

fJie Luo and Dong-Li Bei are co-first authors.

*Correspondence:

Jie Luo

luojiegznu@163.com

Jie Gong

gjie1024@163.com

School of Psychology, Guizhou Normal University, Guiyang, China
?School of Economic and Management, Guizhou Normal University,
Guiyang, China

*Journal Editorial Department, Guizhou Normal University, Guiyang, China
“The School of Psychology and Cognitive Science, East China Normal
University, Shanghai, China

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12888-024-05733-z&domain=pdf&date_stamp=2024-4-18

Luo et al. BMC Psychiatry (2024) 24:297

Introduction
Anxiety and depression are the most common mental
disorders and numerous studies have reported their high
rates of co-occurrence [1, 2]. For instance, a recent meta-
analysis pointed out that 42 to 78% of depressed patients
suffered from anxiety disorders [2], while another study
found that 30 to 63% of individuals with anxiety disor-
der also met the criteria for comorbid major depressive
disorder (MDD) [1]. A large cross-national study involv-
ing 27 surveys found consistent patterns of anxiety and
depression across different nations (N=74,045), and indi-
cated that approximately 45.70% experienced at least one
anxiety disorder among lifetime MDD cases, and that
41.60% had experienced an episode of generalized anxi-
ety disorder within the past year [3]. Therefore, due to the
co-occurrence of anxiety and depressive symptoms, it is
necessary to treat the two as a complex comorbid system.
Numerous studies have been dedicated to explaining
this interplay from various perspectives. Traditionally,
most scholars interpret comorbidity under the theory of
Common Cause Perspective (CCP), which assumes that
mental disorders are a response to latent disorders [4, 5]
and are statistically independent symptoms in response
to this latent common cause [4]. In this perspective, the
co-occurrence or random clustering of different symp-
toms from a mental disorder are attributed to a latent
common cause that cannot be directly observed [5].
Therefore, such methods capture only common variances
of all symptoms and overlook information related to the
intraindividual development of mental disorders [6, 7].
As an alternative approach, the Cause System Perspec-
tive (CSP) considers symptom co-occurrence as a direct
interaction between symptoms rather than the latent
common cause. This viewpoint suggests that symptoms
constitute a mental disorder, rather than simply being its
reflection [4, 8]. Network analysis translates conceptual
CSP ideas into practical applications by visually depict-
ing the complex associations among symptoms. It seems
more reasonable to analyze mental health issues such as
anxiety and depression within the CSP framework using
network analysis, as patients diagnosed with MDD or
comorbid anxiety and depressive symptoms exhibit high
heterogeneity [7, 9], making sum-scores susceptible to
major errors. Furthermore, due to relatively high predict-
ability within symptoms, the anxiety or depressive symp-
tom network to a large extent is self-determined, but
less influenced by external variables [10]. For instance,
depressive symptoms can reinforce one another, or the
alleviation of one symptom may positively affect other
symptoms [6]. Therefore, adopting a symptom-based
approach offers an opportunity for further research
to explore plausible explanations and insights into the
comorbidity between anxiety and depressive symptoms.
To note, unless otherwise stated, in this study the terms
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“symptom”/ “symptoms” specifically pertain to scale
item/items rather than clinical diagnose/diagnoses.

In recent years, network analysis has become widely
used to investigate the interplay of symptoms associated
with mental disorders [11-12], and numerous thorough
and comprehensive studies have been conducted on the
distinctive features of the network connecting anxiety
and depressive symptoms across different groups, includ-
ing children [13], adolescents [11, 12, 14-18], adults
[19-21], and the elderly [22-24]. However, research
focused on the symptom network of anxiety and depres-
sive symptoms in university/college freshmen remains
limited. Among extant studies, “depressed/sad mood’,
“control worry’, and “worry too much” are the three cen-
tral symptoms most often noted [14-11, 13-16, 19-20,
24], while “sad mood” and “irritable” are the two most
recognized bridging symptoms [14-12, 18—19]. However,
there is a notable level of inconsistency in the findings
derived from these studies. For instance, “fatigue” was
considered to be the most central depressive symptom
for Chinese female nursing students [12], while “trouble
relaxing” was both a core and bridging symptom for UK-,
US-, and Australia-based community adults with insom-
nia [21]. This could be because the data-driven nature of
network analysis may yield variable results when inves-
tigating diverse populations with different symptoms of
anxiety and depression. Additionally, symptom charac-
teristics can also be shaped by social and cultural factors
[24]. Therefore, it may not be appropriate to generalize
findings based on one specific sample to another sub-
group, such as to university/college freshmen.

The college years are a crucial period during which the
first onset of various mental health problems (e.g., anxi-
ety and depression) can occur, particularly in first-year
college and university students [25]. During this time,
students’ lives are undergoing two major changes: tran-
sitioning from late adolescence to adulthood [25, 26], and
undergoing tremendous change in living environment,
such as independent living, adapting to new learning
methods, and integrating into new social environments
[26—-28]. Failure to adjust could lead to a series of men-
tal health problems [29]. Evidence from 19 universities
across 8 countries (N=13,984 freshmen) revealed that
MDD incidence was the highest during this period, with
21.20% lifetime prevalence and 18.50% in 12-month,
followed by GAD at 18.60% lifetime and 16.70% in
12-month [30]. In Hong Kong, China, incidences of
depression and anxiety among university freshmen have
been found to be 11.90% and 29.10%, respectively [31].
Moreover, a recent systematic review and meta-analysis
found that factors such as being female, being a first-year
student, and having a family history of mental health are
commonly associated with the development of depres-
sion among university students [32]. This aligns with
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the findings of previous studies indicating that females
are more likely to experience anxiety and depression
during their freshmen year [30, 33]. However, the find-
ings regarding the severity of mental health across gen-
der are inconsistent. For instance, analyses of mediating
and moderating effects on Chinese university freshmen
(N=1,818) revealed that females exhibited more severe
mental health issues as their sense of security decreases
[29], whereas in a cohort study (2005-2011; N=13,085),
male participants reported poorer levels of mental health
than females [34]. Meanwhile, longitudinal studies have
revealed an inverse relationship between students’ year
of study and psychological health problems [31, 35], and
mental health issues among freshmen can lead to long-
term adverse outcomes in later adulthood [26]. There-
fore, it is imperative to examine the features of anxiety
and depressive symptoms in college/university fresh-
men from a network perspective to provide more per-
tinent information for the development of intervention
strategies.

This study is first to explore the comorbid relation-
ships between anxiety and depressive symptoms using a
network model in a non-clinical sample of Chinese col-
lege freshmen. In consideration of previous research, this
study aimed to: (1) examine the structure and charac-
teristics of the network of anxiety and depressive symp-
toms in college freshmen, (2) evaluate the stability of the
symptom network, and (3) explore the possible gender
differences in the network. We expected that “sad mood,
“control worry, and “worry too much” would be the
most central symptoms, and that “sad mood” and “irri-
table” would be the bridging symptoms in the network
[19]. In addition, we expected that the edges and central-
ity indices would be stable, as seen in previous studies.
Finally, considering past findings of no differences in the
anxiety and depression networks between genders [11,
22] as explored by network comparison test (NCT), we
expected the same outcome in this study.

Methods

Participants

Given that symptoms exhibit important similarities
across different levels of disease [36], the current study
sample included freshmen with anxiety and depressive
symptoms ranging from normal to abnormal levels to
gain a comprehensive understanding of comorbid anxi-
ety and depressive symptoms. Inclusion criteria for par-
ticipants were as follows: (1) full-time freshmen only, and
(2) proficiency in Chinese and ability to understand the
assessment materials. Exclusion criteria for participants
were: (1) failure to answer at least 20% of the main ques-
tionnaire, (2) data with regular responses (e.g., choosing
only one answer, Z-shaped, or S-shaped answers), and
(3) data with unreasonable responses (e.g., most values
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were outside the given range). The study sample initially
comprised 2,088 participants, all studying at a normal
university in Guizhou Province, China, in September
2023. After excluding six data points with missing val-
ues exceeding 20%, 11 outliers were excluded on the first
item of the GAD-7 and the last item of PHQ-9. All miss-
ing values were imputed using full information maximum
likelihood (FIML), and the final dataset comprised 2,082
participants, with the average age of participants being
18.61 (SD=0.86). Among the final participant data, 1,251
(60.06%) were female, 822 (39.51%) were male, and nine
(0.04%) did not report their gender.

Procedure

All participants provided their written informed consent
prior to participation in this study, and were fully briefed
on the survey’s purpose, confidentiality, anonymity, and
voluntary nature. Data collection took place in a formal
classroom setting on a regular school day. Participants
took approximately 10 min to complete the question-
naire. All research assistants involved in the data col-
lection underwent professional training. This study was
approved by the Institutional Review Board (or Ethics
Committee) of School of Psychology of Guizhou Normal
University (GZNUPSY.N.202208E [0027]).

Measures

Generalized anxiety Disorder-7 (GAD-7)

The GAD-7 [37] is a well-established psychometric
instrument and has been widely utilized to assess respon-
dents’ severity of anxiety over the previous two weeks.
It is a unidimensional scale and consists of seven items,
each one rated using a four-point Likert scale: 0 = “not at
all’} 1 = “several days’, 2 = “more than half the days’, and 3
= “nearly every day”. A cutoff score of 10 has been estab-
lished for this scale, demonstrating a sensitivity of 86.20%
and specificity of 95.50% [37]. The Chinese version of the
GAD-7 has been used successfully in various Chinese
settings [38, 39]. The Cronbach’s « for the GAD-7 in this
study was 0.90.

Patient Health Questionnaire-9 (PHQ-9)

The PHQ-9 [40] is a reliable and effective self-report
questionnaire used to measure the severity of one’s
depressive symptoms in both general research and clini-
cal settings. The PHQ-9 consists of nine items, with each
item rated on a four-point Likert scale ranging from 0
= “not at all” to 3 = “nearly every day” Previous studies
have demonstrated the validity and utility of the Chinese
version of the PHQ-9 in screening for depression among
both Chinese adolescents [41] and the general population
[42]. A cutoff of seven exhibits an equal sensitivity and
specificity rate of 86% [42]. The Cronbach’s « for the cur-
rent study was 0.86.
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Statistical analysis

Descriptive statistics, such as socio-demographic distri-
bution, mean scores, standard deviations, normality, and
inferential statistics including a series of ¢-tests and chi-
square tests, were conducted using JASP version 0.16.4.0
[43].

The undirected network was estimated via Gaussian
Graphical Model (GGM) [44] using R package ggraph
[45]. The graphic least absolute shrinkage and selection
operator (GLASSO) [46] algorithm was used to regular-
ize the results to obtain a sparse network. The tuning
parameter was set to 0.50 to balance the sensitivity and
specificity of the true network edges [47].

The symptom network was characterized using
Expected Influence (EI), bridging Expected Influence
(bEI), and node predictability with R package ggraph [45],
networktools [48], and mgm [49], respectively. A higher EI
value indicates a greater importance of the node within
the network. A higher bEI value suggests an increased
risk of node contagion to other communities, with one-
step and two-step bEI referring to direct and indirect
bridge effects between a node and nodes outside its com-
munity, respectively. The cutoff for identifying bridging
symptoms was set at the 80th percentile [50]. Predictabil-
ity was measured by the proportion of the explained vari-
ance, ranging from 0 to 1, with 0 indicating the absolute
inability to predict one node by others in the network,
and 1 indicating perfect prediction abilities [10].

Table 1 Socio-demographic and mental health features of
Chinese college freshmen

Males Females X/t p-value
(N=822) (N=1,251)
Residence
- City 221(10.61%) 319 (11.38%) 056 046
- Rural 588(20.99%) 916 (44.00%)
Only-child status
-Yes 151 (7.30%) 151 (7.30%) 1629 <0.001
-No 656 (31.51%) 1084 (52.07%)
Ethnicity
-Han 470 (22.57%) 750 (36.02%) 166 020
- Other minority 351 (16.86%) 498 (23.92%)
GAD-7
-GAD-7=10 83 (3.99%) 134 (6.44%) 020 0.66
-GAD-7< 10 739 (3549%) 1,117 (53.65%)
PHQ-9
-PHQ-9>7 261 (12.54%) 424 (20.37%) 1.03 031
-PHQ-9<7 561 (26.95%) 827 (39.72%)
GAD-7 = 10, mean 1329 (3.21) 13.05 (2.89) 056 057
(D)
PHQ-9 > 7, mean (SD) 10.75 (4.24) 10.32 (3.61) 138 017

Notes: GAD-7=Seven-ltem Generalized Anxiety Disorder scale, PHQ-9=Nine-
Item Patient Health Questionnaire, x*=chi-square tests for residency, only-
child status, ethnicity, GAD-7, and PHQ-9; t=independent t-test result for mean
values of GAD-7 2 10 and PHQ-9>7
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The accuracy and stability of the network were exam-
ined with R package bootnet [51]. A non-parametric
bootstrapping method was utilized to estimate 95%
confidence interval (CI) of each edge weight. Then, EI
and bEI stabilities were quantified using the correlation
stability coefficient (CS) via the case-dropping subset
bootstrap approach, by which the CS value should not
fall below 0.25 and preferably be above 0.50 [51]. Finally,
bootstrapped difference tests were calculated to deter-
mine the significant difference between each pair of edge
weights.

To examine the gender differences in the network of
anxiety and depressive symptoms, a moderated network
model (MNM) was employed using R Package mgm [52].
MNM enables the comparison of network differences
among multiple groups within a unified model. The opti-
mal tuning parameter N was determined by minimiz-
ing the EBIC and the hyperparameter y=0.50 by setting
lambdaSel = “EBIC” and lambdaGam=0.50 [52].

Results

Descriptive statistics

The sample used in this study included 2,082 Chinese
college freshmen with varying levels of anxiety and
depressive symptoms. Among them, 217 (10.42%) and
690 (33.14%) reported experiencing anxiety and depres-
sion, respectively. Females exhibited higher vulnerability
to anxiety and depression as compared to males (GAD-
7: 134 females vs. 83 males; PHQ-9: 424 females vs. 261
males). There were no significant differences across gen-
der in terms of anxiety and depression severity (GAD-7 >
10: x*=0.56, p=0.57; PHQ-9 > 7: x*=1.38, p=0.17). See
Tables 1 and 2 for more details.

Network Analysis

Figure 1 presents the network structure of anxiety and
depressive symptoms. The mean weight of the net-
work was 0.05, with 25% of all 120 network edges
being zero. Among anxiety symptoms, the five stron-
gest edges were between “nervous” and “control worry”
(edge weight=0.25), “control worry” and “worry too
much” (edge weight=0.21), “relax” and “restless”
(edge weight=0.21), “restless” and “irritable” (edge
weight=0.19), and “worry too much” and “relax” (edge
weight=0.18). Additionally, among depression symp-
toms, the strongest edge was observed between “energy”
and “appetite” (edge weight=0.19). Bootstrapped 95% CI
results suggested that the assessment of the edge weights
were relatively reliable (see Appendix Al), and all of the
above-noted strongest edges were significantly larger
than any other edges, according on the edges difference
test (see Appendix A2). The CS of the edge was 0.75 (see
Fig. 2).
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Table 2 Mean scores, standard deviations, normality, item
abbreviation, and predictability of each symptom noted in the
GAD-7 and PHQ-9

Item M SD S-w
abbreviation

Predict-
ability

Anxiety (GAD-7)
GAD?1: Feel-
ing nervous,
anxious, or on
edge

GAD2: Not
being able to
stop...

GAD3: Worry-
ing too much
about...
GAD4: Trouble
relaxing

GAD?5: Being so
restless that it's
hard to sit still
GADE:
Becoming eas-
ily annoyed or
irritable

GAD?7: Feeling
afraid as if
something
awful...

Nervous 087 068 0777 051

xxx

Control worry 068 074 077 061

ok

Worry toomuch 082 077 080 0.58

Relax 060 075 0747 060

Restless 046 067 068 058

Irritable 062 073 0757 055

Afraid 046 070 067 049

Depression
(PHQ-9)
PHQ1:

Little interest or
pleasure. ..
PHQ2: Feel-
ing down,
depressed, or
hopeless
PHQ3: Trouble
falling or stay-
ing asleep...
PHQ4: Feeling
tired or having
little energy
PHQ5: Poor
appetite or
overeating
PHQ6: Feeling
bad about
yourself...
PHQ7: Trouble
concentrating
on things...
PHQ8: Moving
or speaking so
slowly...

PHQ: Thoughts  Suicide 015 048 036 032
that you would

be...

Anhedonia 078 078 0807 043

Sad mood 056 068 0737 049

Sleep 063 081 0747 032

Energy 084 082 0817 050

Appetite 069 080 0777 036

Guilt 054 075 07177 045

Concentration 070 082 0777 037

ok

Motor 037 066 060 045

Notes: SD=standard deviation, S-W=Shapiro-Wilk test, GAD-7=Seven-ltem
Generalized Anxiety Disorder scale, PHQ-9=Nine-ltem Patient Health
Questionnaire, ***p<0.001
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As Fig. 3a shows, EI indicators of all symptoms from
the estimated network identified the three most central
symptoms— “restless’, “energy’, and “control worry”’—
indicating that these three symptoms were the most
associated symptoms. Symptoms of depression related
to “concentration’;, “appetite’, and “sleep” all exhibited the
lowest EI values, suggesting that these symptoms were
the least interconnected symptoms. Results of the boot-
strapped difference test for EI revealed a significant dif-
ference between these central symptoms, and 70 to 87%
between those and the other symptoms (see Appendix
A3). Additionally, the expected influence CS was 0.75,
indicating the adequate stability of EI (see Fig. 2).

Figure 3b presents the 80th percentile of the one-step
and two-step bEI symptoms. The graph depicting anxiety
symptom “afraid” and depression symptom “sad mood”
indicates that these two symptoms had the strongest
ability to increase risk from one community to the other,
both directly and indirectly. Anxiety symptom “irritable”
(one-step) and “restless” (two-step) demonstrated the
ability to increase risk of contagion to depression directly
and indirectly, respectively. The CS was 0.67, suggesting
that the node bEI evaluation was quite stable (see Fig. 2).
The bootstrapped difference test revealed a significant
difference between these bridging symptoms and 47 to
80% of the other symptoms (see Appendix A4). Finally,
meaningful bridge routes were also found between the
nodes of “restless” and “motor” (weight=0.11), “irritable”
and “sad mood” (weight=0.10), and “afraid” and “sad
mood” (weight=0.10; see Fig. 1).

Table 2 also revealed that the average predictability
(AP) of nodes within the entire network was 0.48, with
anxiety nodes exhibiting a higher AP value of 0.56 com-
pared to the depression nodes, at 0.41. Notably, the anxi-
ety symptoms of “control worry” (0.61), “relax” (0.60),
“restless” (0.58), and “worry too much” (0.58) displayed
the highest levels of predictability among all nodes in the
network. See Table 2 for more detailed information.

Finally, Fig. 4 showed the network structure of anxi-
ety and depressive symptoms in relation to gender. The
results indicated that the network was remarkably stable
and not regulated by gender, as there were no significant
connections between gender and any of the symptoms
of anxiety or depression. Moreover, the network struc-
ture appeared relatively simple, consisting solely of pair-
wise interactions. The strongest pairwise interactions
for anxiety symptoms were found between “nervous”
and “control worry” (0.31), “control worry” and “worry
too much” (0.28), “relax” and “restless” (0.27), “rest-
less” and “irritable” (0.25), and “worry too much” and
“relax” (0.23), and, for depression symptoms, “energy”
and “appetite” (0.27), “anhedonia” and “energy” (0.23),
and “motor” and “suicide” (0.20). These pairwise interac-
tions could be explained through linear regression, such
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GAD

GAD1: Nervous
GAD2: Control worry
GAD3: Worry too much
GAD4: Relax

GADS5: Restless
GADS: Irritable

GAD?7: Afraid

L N BN BN BN BN BN

PHQ

PHQ1: Anhedonia
PHQ2: Sad mood
PHQ3: Sleep

PHQ4: Energy
PHQ5: Appetite
PHQ6: Guilt

PHQ7: Concentration
PHQ8: Motor

PHQQ: Suicide

000000000

Fig. 1 Network of anxiety and depressive symptoms among Chinese college freshmen as revealed by the GLASSO Algorithm. Notes. Blue edges indicate
positive partial correlations between nodes, while the thickness of the edge reflects the strength of the correlation. Edges representing small partial cor-
relations, such as the red ones indicating negative correlations, were eliminated from the network as GLASSO shrunk them to zero

as the association between “nervous” and “control worry”
(0.31). When the node “nervous” was increased by one
unit, the symptom “control worry” increased by 0.31
units while all other conditions remained constant.

Discussion

This study is the first to examine the comorbidity of
anxiety and depressive symptoms among Chinese col-
lege freshmen at the symptom level using a network
approach. The results of this study indicate that the
symptoms have different positions and identities within
the network, suggesting that identifying node attributes
can benefit disease interventions. For example, symp-
toms such as “restless’; “energy’, and “control worry” were
all found to be positioned more central than the others,
suggesting that intervening in these symptoms specifi-
cally could yield positive effects. Meanwhile, interven-
tions focused on nodes with high predictability (e.g.,
“control worry’; “relax’; “restless’; and “worry too much”)
can be accomplished by intervening in their neighboring
nodes. Some symptoms exhibited more cross-symptom

” ws

attributes (e.g., “restless” and “motor’, “irritable” and “sad

mood’;, and “afraid” and “sad mood”), which could rep-
resent advancements in explaining and intervening in
comorbidities. Finally, this study also revealed that gen-
der did not influence the overall network structure.

Network of anxiety and depressive symptoms

This study found that all the strongest edge links were
yielded within symptoms constituting a certain disorder,
which is consistent with previous studies [4, 12, 19, 24].
Previous studies have used a variety of samples to iden-
tify the majority of the network edges, such as Chinese
female nursing students [12], psychiatric samples [4], and
migrant Filipino domestic workers [19]. In this study,
the connections between “nervous” and “control worry’,
“control worry” and “worry too much’, “worry too much”
and “relax’, as well as “energy” and “appetite” were rela-
tively stable across different contexts. These edges may
reflect the presence of a specific pattern or pathologi-
cal mechanism among symptoms, and provide further
hints as to the pathogenesis or etiology of the disease.
This study also identified another strong connection
between the anxiety symptoms of “relax” and “restless”
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Fig. 2 Correlation stability coefficients (CS) for the nodes’ centrality and edge weights

This connection was caused largely by university/college
freshmen facing new environments and challenges, such
as adapting to new lifestyles and social interactions [29].
Each node’s EI may play an important role in identi-
fying the symptoms that activate or maintain psycho-
pathological networks, and as well as in finding potential
targets for intervention [12, 14]. The present study found
that the nodes for “restless’, “control worry’; and “energy”
were the most central. “Control worry” refers to one’s
inability to stop or control their worrying, which has been
identified consistently as a central symptom in existing
studies on anxiety and depressive symptom networks [14,
20-24]. Thus, the identification of this symptom was as
expected. It was, however, unexpected that both “rest-
less” and “energy” also demonstrated high centrality as
anxiety symptoms. This could be due to changes in the

students’ environment, academic pressures, or intricate
interpersonal interactions, all of which might lead to that
adaptive sleep problems, which has emerged as a com-
mon issue among college freshmen [53], consequently
elevating their risk of less energy and restlessness. Addi-
tionally, somatization of distress is common among Asian
populations [12, 19], which may contribute to “fatigue”
and “restless” being prominent central symptoms. This
may reflect the unique characteristics of Chinese college
freshmen. In summary, the three central symptoms of
“restless’; “irritable’, and “control worry” were shown to
be critically instrumental in activating and maintaining
the network of anxiety and depressive symptoms among
Chinese college freshmen.

A node’s bEI may help identify bridging symptoms that
play pivotal roles in the development and maintenance
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Fig. 4 Network structure of anxiety and depressive symptoms as moderated by gender, with the red box between two nodes representing pairwise
interactions
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of the co-occurrence of mental disorders. This study
identified the three symptoms with the highest bEI val-
ues: “afraid” and “irritable” from anxiety symptoms,
and “sad mood” from depression symptoms. The latter
two were identified as bridging symptoms as expected,
which is consistent with the findings of previous stud-
ies [12, 14, 19, 23]. However, we also identified “afraid”
as another bridging symptom, which could be attributed
to the characteristics of our specific sample. Freshmen
may be experiencing worries about their new environ-
ments, interpersonal relationships, or academic per-
formance. Additionally, these three bridge symptoms
form two bridge routes: “irritable” and “sad mood’, and
“afraid” and “sad mood” Research has shown that there
is a bidirectional predictive relationship between anxi-
ety and depression [54, 55] which, in combination with
the findings of the current study, implies that despite the
relatively weak connections, these two pathways play a
crucial role in the development of comorbidity between
anxiety and depressive symptoms. In other words, nodes
with a higher bEI may be more effective in preventing or
reducing comorbid symptoms [50].

The average node predictability was 0.48, suggesting
that the present network was moderately self-determined
[10]. The predictability of nodes can reflect the control-
lability of a network and determine the effectiveness of
planned treatment [10]. In this study, “control worry’,
“relax’, “restless’; and “worry too much” all exhibited
high predictability values. This could be a result of these
symptoms measuring distinct yet interrelated concepts
or capturing analogous constructures. Symptoms with
high predictability can be controlled through interven-
tion on their neighboring nodes. Meanwhile, for nodes
with low predictability, such as “suicide’;, “appetite’, and
“sleep’, effective interventions may be attributed to the
low variance of these nodes with others in the network,
and can be either controlled directly or focused on fac-
tors outside the network, such as additional symptoms or
biological and environmental variables [10, 12].

Finally, this study found that gender had no effect on
the entire network structure, which is also consistent
with the findings of previous studies [11, 22]. This sug-
gests that interventions for anxiety and depressive symp-
toms can target key nodes in the network without giving
excessive consideration to gender factors. Furthermore,
while studies have indicated that women have a greater
vulnerability towards anxiety and depression, the pres-
ent study found no statistically significant gender-based
disparities in terms of either quantity or severity, con-
tradicting previous findings. Given that freshmen face a
changing environment, the lack of gender-based effects
could be partly attributed to gender differences in bio-
logical susceptibility, self-esteem, and exposure to stress
[56], or it could be due to the cultural background of

Page 9 of 11

Chinese collectivism. Moreover, our moderated network
model revealed that the entire network was comprised of
only pairwise interactions among symptoms, without any
three-way or higher interactions. This suggests that the
anxiety and depressive symptom network among Chinese
freshmen was not excessively complex, and that interven-
tions targeting symptoms with strong pairwise interac-
tions can be expected to effectively alleviate anxiety and
depressive symptoms in Chinese college freshmen.

Implications

This study is the first to utilize network analysis to exam-
ine the relationships between anxiety and depression
symptoms in Chinese college freshmen. The findings
offer valuable insights for the development of clinical
interventions targeting symptoms of anxiety and depres-
sion in freshmen. The central symptoms identified in
this study, specifically “restless’, “energy’, and “control
worry’, are able to activate and sustain the psychopathic
network. Meanwhile, bridging symptoms like “afraid’,
“irritable’, and “sad mood” can activate and maintain
other disorders via bridging pathways (e.g., between
“afraid” and “sad mood’, as well as between “irritable”
and “sad mood”), making them clinically transdiagnostic.
Intervention strategies should focus on the most highly
predictable symptoms found in the network, such as
“control worry’, “relax’; “restless’, and “worry too much”.
Meanwhile, effective intervention for symptoms with
low predictability (e.g., “sleep” and “suicide”) may target
factors outside the network or directly address these spe-
cific symptoms. Finally, based on these findings from the
moderated network analysis, it is clear that the relation-
ship between anxiety and depressive symptoms in fresh-
men is not excessively complex. This suggests that timely
interventions should lead to positive outcomes.

Limitations and future directions

Despite its contributions to the literature, this study
nonetheless has some limitations. First, the results of this
study were derived solely from self-report data rather
than from structural clinical interviews. Future studies
should validate these findings by utilizing structural rat-
ing tools in clinical freshmen samples. Second, making
causal inferences from an undirected network is chal-
lenging. Future studies should employ experimental or
prospective designs to examine the causal or longitudinal
relationship between anxiety and depressive symptoms.
Third, the outcomes of the network may vary depending
on the tools used [57]. Non-DSM symptoms have been
shown to be more central compared to DSM symptoms
[58]. Future studies should broaden the range of testing
and explore more central symptoms rather than focus-
ing solely on specific DSM symptoms (e.g., by using the
GAD-7 or the PHQ-9).
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Conclusions

The primary aim of this study was to identify the net-
work characteristics of anxiety and depressive symp-
toms among Chinese college freshmen. The most central
symptoms were the anxiety symptoms of “restless” and
“control worry’; and the depression symptom of “energy”.
The bridging symptoms identified were “afraid’, “irrita-
ble’, and “sad mood”. Furthermore, although the connec-
tions of the bridging pathways were relatively weak, their
presence still suggests that these connections might con-
tribute to the development of comorbidity. Our findings
also showed that node predictability is also crucial for the
development of intervention strategies which target the
overall network. Finally, the symptom network of anxiety
and depressive symptoms in Chinese college freshmen
was not excessively intricate, thus timely intervention
should lead to positive outcomes.
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