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Background: A complex interplay exists between anxiety and sleep quality. However, there is a scarcity of network analysis studies
examining this relationship, particularly among college students. Previous research has relied on sum scores from scales, which fails to
capture the nuanced, symptom-level associations between anxiety and sleep quality. This limitation impedes a comprehensive under-
standing of their interactions. Thus, the objective of this study was to address this research gap by employing network analysis to
explore symptom-level associations between anxiety and sleep quality within a college student population.

Methods: Network analysis was conducted to explore the association between anxiety and sleep quality among college students and
identify bridge items of anxiety and sleep quality. Anxiety was assessed via the Self-Rating Anxiety Scale (SAS), and sleep quality
was assessed via the Pittsburgh Sleep Quality Index (PSQI).

Results: The network structure revealed 47 significant associations between anxiety and sleep quality. “Subjective sleep quality”,
“daytime dysfunction”, “panic”, “dizziness”, “fatigue” and “sleep disorder” had higher EI values in the network. “fatigue” and
“daytime dysfunction” had the highest BEI values in their respective communities.

Conclusion: From a network analysis perspective, this study identified complex pathways of pathological correlations between
anxiety and sleep quality among college students. It also identified “subjective sleep quality”, “daytime dysfunction”, “panic”, and
“dizziness”, “fatigue” and ‘sleep disturbance’ may be potential targets for intervention in anxiety-sleep disorder comorbidity. In the
future, psychologists and medical professionals may adopt appropriate interventions based on the centrality index and bridging
centrality indicators identified in this study to effectively reduce the comorbidity of anxiety and sleep disorders in college students.
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Background

Sleep disorders are a physiological phenomenon in which an individual’s normal rhythmic alternation of sleep and
wakefulness is disturbed, which mainly include insomnia, poor sleep quality and other symptoms.' According to statistics
from the World Health Organization (WHO), 27% of the world’s population experiences sleep problems, and sleep disorders
have become a prominent problem that threatens the world population.* However, the situation in China is not optimistic,
according to the statistics of China Sleep Data Report in March 2023, the average sleep duration in China is 6.5 hours, and
the proportion of people suffering from various types of sleep disorders is as high as 38.2%, and about 510 million Chinese
have sleep disorders, and insomnia has a serious impact on the quality of people’s life and work.” In recent years, with the
rapid development of society and the intensification of competition, college students face many challenges and pressures, and
the problem of sleep disorders is becoming more and more prominent, and its incidence is as high as 26%.° It is well known
that sleep, as an essential physiological activity, is closely related to the growth of college students, especially brain
development.” Sleep disorders have been shown to lead to brain and body dysfunction, causing neurasthenia, endocrine

disorders, and memory and resistance loss, as well as potentially inducing some psychological disorders (ie, anxiety disorders
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and depression), which can greatly affect the daily lives of college students.* '® Moreover, sleep problems in college students
not only affect their learning efficiency but also may lead to suicidal thoughts and induce suicidal events.'' Therefore, it is
necessary to understand the factors affecting sleep disorders among college students in China and to prevent and intervene
early to maintain their physical and mental health.

Currently, as an integral component of health and growth, many psychological factors related to sleep disorders, such
as anxiety symptoms, have received extensive attention from researchers.'”'* Anxiety refers to a series of unpleasant
emotional and physical symptoms, such as panic, fear, and dread that people experience in risky situations due to the fear
of a potential negative outcome.'> Studies have shown that anxiety is positively correlated with sleep disorders and can
directly and positively predict the quality of sleep in college students,” and college students who meet the criteria for
anxiety score significantly higher than those who do not in terms of poor sleep quality.'® In addition, researchers have
reported that poor sleep quality is associated with generalized anxiety disorder.'”'® Alfano et al'® reported that 88% of
128 children and adolescents with anxiety disorders had varying degrees of sleep problems. In recent years, many studies
have shown that the relationship between sleep quality and anxiety symptoms may be complex or bidirectional; for
example, better sleep quality can effectively improve anxiety disorders in college students, whereas poorer sleep quality
can lead to the development of anxiety disorders and exacerbate existing symptoms.'*222

However, previous research on anxiety and sleep quality in college students has tended to treat each as a whole, ie,
examining their correlations on the basis of the total scores of the two scales, while truly ignored a fine-grained
understanding of the symptomatic level of the relationship between the two. The Self-Rating Anxiety Scale (SAS) contains
20 items,” and the Pittsburgh Sleep Quality Index (PSQI) contains seven factors.”* These symptoms may be a response to
different specific risk factors and represent unique risk mechanisms; for example, Zhang et al*> used network analysis and
reported that the 19th entry in the SAS, “sleep disorder”, had the strongest correlation with sleep quality in the network
structure. In other words, it is necessary to explore patterns of associations between individual symptoms of anxiety and
factors of sleep quality, as fine-grained studies can provide the best targets for effective interventions.

Network analysis provides a viable methodological basis for exploring the fine-grained relationships between different
types of anxiety and different factors of sleep quality. Network analysis is an emerging method for the statistical analysis
and visualization of data, which can deepen the understanding of psychological constructs or mental disorders from
a network perspective and provide some reference for the selection of potential intervention targets.’*?’ In addition,
network structures consist of nodes representing psychological variables and connecting lines representing statistical
relationships between variables, and the centrality of each node in the network (ie, each item or factor of the questionnaire)
can be calculated to assess the relative importance of the different interconnected nodes in the network.”® Nodes that
activate high centrality are more likely to transmit the effect to the entire network through connections between nodes,”
which provides an important potential target for implementing relevant interventions. In particular, network analysis can
effectively address the issue of spurious correlation that arises due to the large number of variables, compared to traditional
statistical models, thereby ensuring the accuracy and reliability of the analysis results.*®

In summary, the relationship between anxiety and sleep quality among college students has been extensively
explored. Yet, most studies have relied on latent variable analyses, which possess inherent limitations in unveiling the
intricate relationships among variables. Latent variable analyses typically concentrate on overall associations, rendering it
challenging to capture the nuanced connections between specific symptoms and their dynamic interactions.>’ Conversely,
network analyses have paved a new avenue for research in this domain, innovatively enabling a deep dive into both direct
and indirect associations between variables, thereby uncovering potential bridging symptoms and intricate pathways of
pathological correlations.>® Network analysis not only transcends the constraints of traditional statistical methods in
grasping the complex interrelationships among variables but also equips researchers with the capability to pinpoint the
crucial targets for interventions by constructing intuitive network models.?®**

The significance of Chinese college students as a specific target population for this research cannot be
overlooked. They are situated within unique academic pressures, social expectations, and cultural contexts,
which collectively influence their psychological state and may exert a profound impact on anxiety and sleep
quality.’® Previous studies have found that one-third of Chinese university students suffer from sleep quality
problems.>® In addition, mental health problems (eg, anxiety) are prevalent in the university population.*®

608 htps: Psychology Research and Behavior Management 2025:18



He et al

However, despite the abundance of studies on anxiety and sleep quality among college students, there is a relative
scarcity of web-based analyses focusing specifically on this cohort of Chinese college students. This situation not
only impedes our comprehensive understanding of the interplay between their anxiety and sleep quality but also
obstructs the development and implementation of effective prevention and intervention strategies.

Therefore, this study used network analysis to investigate the fine-grained relationship between anxiety and sleep
quality in college students. We developed a network model to explore the correlation pathways between the symptoms of
anxiety and sleep quality and assessed centrality indices and bridge centrality indicators to provide theoretical support for
the prevention and intervention of anxiety and sleep quality in college students.

Methods

Participants

Between August and October 2023, 2600 college students were recruited from two institutions of higher learning in
Anhui Province, China, via the www.wjx.cn platform to participate in an online survey for this study. We employed two
internationally recognized psychological assessment tools: the Self-Assessment Anxiety Scale (SAS) and the Pittsburgh
Sleep Quality Index (PSQI). These tools were used to anonymously assess the anxiety levels and sleep quality of Chinese
university students. It is worth noting that the reliability and validity of both the SAS and PSQI have been extensively
validated in the Chinese college student population, meeting high international standards.®’ >’

To ensure data quality, we implemented a rigorous screening process for our data. Drawing upon statistical
principles, specifically the rule of thumb for excluding outliers within +2 standard deviations, we established
a response time threshold. Recognizing that some participants may take longer to respond due to careful
consideration, we only deemed questionnaires with unusually short response times (<150 seconds) as invalid.
Consequently, we excluded 50 questionnaires, resulting in a data validity rate of 98.07%. The study was approved
by the Medical Ethics Committee of the Air Force Hangzhou Special Recreation Centre (TLZX20240725-01) and
was conducted in strict accordance with the Declaration of Helsinki.

Measurements

Self-Rating Anxiety Scale (SAS)

The SAS, developed by Zung in 1971, is an internationally recognized self-assessment tool for anxiety symptoms.*® In
this study, we used the Chinese version of the SAS, which was revised by Tao and Gao.*' It consists of 20 questions,
each of which is rated on a scale from 1 to 4 according to the subjective feelings experienced during the previous week:
1-no or a little of the time; 2-some of the time; 3-a good part of the time; and 4-most or all of the time. The cutoff value
in our study was 50, and the higher the score was, the more pronounced the anxiety symptoms. The questionnaire had
excellent internal consistency in this study (Cronbach’s alpha = 0.931).

Pittsburgh Sleep Quality Index (PSQI)

The PSQI, developed by Buysse et al** in 1989, is used to measure the quality of a person’s sleep and the degree of sleep
disorders during the past month. In this study, we used the Chinese version of the PSQI, which was revised by Liu and Tang.*®
A total of 18 items are included in the scale, which are categorized into seven dimensions: (1) subjective sleep quality; (2)
sleep latency; (3) sleep duration; (4) habitual sleep efficiency; (5) sleep disorders; (6) use of hypnotic medications; and (7)
daytime dysfunction. Each dimension is rated on a scale from 0-3, and these composite scores are summed to produce an
overall PSQI total score representing overall sleep status. The total score ranges from 0 to 21, with higher scores indicating
poorer sleep status. The questionnaire had excellent internal consistency in this study (Cronbach’s o= 0.83).

Data Analysis

Descriptive Statistics

All descriptive data were analyzed via SPSS 25.0 software, and all the statistical analyses were performed via the
R statistical programming language and R 4.1.1 software.
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Network Analysis

The R package qgraph was used to construct and visualize a sleep quality—anxiety network.** The network was fitted by
a Gaussian graphical model (GGM).*® During the network construction process, a combination of least absolute
shrinkage and selection operator (LASSO) regularization and the extended Bayesian information criterion (EBIC) was
used to attenuate trivial edges to zero, resulting in a stable and clear network.>*** Additionally, we set the EBIC
hyperparameter to 0.5 to determine the construction of an optimal network model.** In this network model, the nodes
represent the variables (ie, the seven factors of the PSQI and the 20 items on the SAS), which are divided into sleep
quality and anxiety communities; each edge represents the partial correlation between two nodes.*® The blue line
represents a positive correlation between anxiety symptoms and sleep quality, whereas the red line represents
a negative correlation between anxiety symptoms and sleep quality. The thickness of the line and the saturation of the
color represent the magnitude of the correlation; the thicker the line is, the greater the correlation between the two nodes,
and vice versa. In addition, we tested the accuracy of edge weights and differences in node pairs via the R package
bootnet.*® Additionally, 95% confidence intervals (CIs) were estimated via a nonparametric bootstrap method (1000
bootstrap samples), mainly to test the accuracy between edge weights. The relatively narrow Cls indicate that the
accuracy of the edge weight estimates is acceptable.*” We also tested the edge weight differences between node pairs by
bootstrapping (o = 0.05, 1000 bootstrap samples).

In addition, we use the networktools*® and bootnet*® software packages to compute and evaluate the expected
influence (EI) and bridge expected influence (BEI) of each node. The EI of a node is calculated from the sum of the
edge weights of all the edges connected to that node to measure its importance in the network structure.*” A higher EI
signifies a node of greater importance and influence within the network.?’ Conversely, the BEI of a node is the sum of the
edge weights between the node and all the nodes of other communities, which mainly reflects the influence of the node

on other communities.*®

A higher BEI value indicates an increased likelihood of contagion spreading across
communities.’® Additionally, we used the case-dropping bootstrapping method to test the stability of the EI and BEI*®
(1000 bootstrap samples). We then quantified the stability of the EI and BEI via the correlation stability (CS) coefficient.
In general, a CS coefficient greater than 0.25 indicates acceptable stability, whereas a CS coefficient greater than 0.5
indicates desirable stability.’' Finally, we tested the difference between the EI and BEI of different nodes via the

parametric bootstrap method (1000 bootstrap samples, a = 0.05).

Results

Demographic Characteristics and Descriptive Statistics

In our study, the final population included 2550 college students with a mean age of 22.93 + 1.33 years. Among these
students, 1510 (59.21%) were female. Table 1 shows the means, standard deviation, and EI and BEI values of the scores
for each item of the PSQI and SAS.

Network Structure

The network model is shown in Figure 1A. There were 47 nonzero edges (edge weights ranging from —0.03 to 0.24)
across the anxiety symptoms and sleep quality communities in the network. In the edges across communities,
S1“subjective sleep quality” was positively correlated with 7 nodes of the anxiety community, and the strongest positive
edge was that of A19 “sleep disorder” (edge weight = 0.08). S2 “sleep latency” was positively correlated with 9 nodes of
the anxiety community, and the strongest edge was that of A19 “sleep disorder” (edge weight = 0.12). S3 “sleep
duration” was positively correlated with 5 nodes of the anxiety community, and the strongest correlation was observed
for A19 “sleep disorder” (edge weight = 0.04). S4 “habitual sleep efficiency” was positively correlated with 2 nodes of
the anxiety community, and the strongest correlation was observed for A10 “tachycardia” (edge weight = 0.02). S5 “sleep
disturbance” was positively correlated with 9 nodes of the anxiety community, and the strongest correlation was observed
for A16 “frequent urination” (edge weight = 0.05). S6 “hypnotic drugs” was positively correlated with 7 nodes of the
anxiety community, and the strongest correlation was observed for All1“dizzy” (edge weight = 0.08). S7 “daytime
dysfunction” was positively correlated with 8 nodes of the anxiety community, and the strongest correlation was
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Table | The Means, Standard Deviations, and El and BEI Values of the Anxiety-Sleep Quality Variables

Variables Abbreviations/Dimensions | M SD | EI BEI
Sleep quality

S1: Subjective sleep quality Subjective sleep quality 0.65 | 0.71 | 1.15 | 0.29
S2: Sleep latency Sleep latency 0.76 | 0.76 | 0.78 | 0.24
S3: Sleep duration Sleep duration 088 | 0.82 | 0.92 | 0.10
S4: Habitual sleep efficiency Habitual sleep efficiency 0.61 | 0.66 | 049 | 0.03
S5: Sleep disturbance Sleep disturbance 0.76 | 0.60 | 0.78 | 0.21
S6: Hypnotic drugs Hypnotic drugs 0.0l | 0.19 | 0.33 | 0.30
S7: Daytime dysfunction Daytime dysfunction 0.66 | 0.69 | 1.15 | 0.46
Anxiety

Al: | feel more nervous and anxious than usual Anxiety 1.16 | 042 | 0.99 | 0.16
A2: | am scared for no reason Fear 1.05 | 0.26 | 0.87 | 0.06
A3: | tend to get upset or feel panicky Panic I.Il| 037 | 1.10 | 0.08
A4: | think | might be going insane Sense of insanity 1.05 | 0.27 | 0.91 | 0.08
ADb: | think everything is bad and misfortune will happen Unfortunate premonition 1.15 | 042 | 0.66 | 0.00
A6: My hands and feet are shaking and trembling Shaking of the hands and feet | 1.05 | 0.25 | 0.84 | 0.00
A7: | suffer from headaches, neck pain and back pain Somatic pain 1.15 | 042 | 095 | 0.17
A8: | feel easily weakened and tired Fatigue 1.21 | 049 | 1.05 | 0.32
A9: | cannot sit calmly and easily Meditation is not possible 251 | 1.33 | 0.95 | 0.02
A10: | think my heart’s beating fast Tachycardia 1.12 | 0.39 | 0.86 | 0.08
All: 1 am suffering from a bout of dizziness Dizzy 1.06 | 0.27 | 1.09 | 0.09
A12: | have fainting episodes or feel like | am going to faint | Fainting spells 1.06 | 0.28 | 0.82 | 0.00
Al13: 1 am having a hard time breathing in and out Breathing difficulty 239 | 144 | 0.61 | 0.03
Al4: | have numbness and tingling in my hands and feet Tingling in the hands and feet | 1.07 | 0.30 | 0.94 | 0.00
Al15: | suffer from stomach pains and indigestion Stomach pains or indigestion 1.1l | 0.37 | 0.66 | 0.10
Al6: | have to urinate often Frequent urination 1.34 | 0.61 | 0.33 | 0.08
Al7: My hands are often sweaty Hyperhidrosis 238 | 1.32 | 0.83 | 0.03
A18: | am flushed and hot Facial flushing 1.16 | 0.45 | 0.69 | 0.0l
A19: | do not fall asleep easily and get a poor night’s sleep | Sleep disorder 221 | 1.26 | 1.05 | 0.26
A20: | am having nightmares Nightmares 1.13 | 0.36 | 0.58 | 0.17

Notes: Adapted from Psychosomatics. Volume 12(6). Zung WWK. A rating instrument for anxiety disorders. 371-379, Copyright 1972, with
permission from Elsevier.*’
Abbreviations: M, mean; SD, standard deviation; El, expected influence; BEI, bridge expected influence.

observed for A8 “fatigue”, (edge weight = 0.24). See Supplementary Table S1 for more detailed information on the

correlations among the nodes in the network.
The bootstrapped 95% confidence interval for estimated edge weights is narrow, indicating that the edges were
estimated accurately and reliably (see Supplementary Figure S1). The bootstrapped difference test for edge weights is

shown in Supplementary Figure S2, revealing that the weights of the 7 strongest edges were significantly higher than
88%—100% of the weights of other edges.

Network Central Symptoms and Bridge Symptoms

Figure 1B shows the EI values for each node in the sleep quality—anxiety network. The results revealed that
S1“subjective sleep quality”, S7 “daytime dysfunction”, A3 “panic”, Al1“dizzy”, A8 “fatigue”, A19 “sleep disorder”
had the highest positive EI values (Els =1.15, 1.15, 1.1, 1.09, 1.05 and 1.05, respectively). The BEI indices for each node
are shown in Figure 1C, indicating that in the sleep quality and anxiety communities, S7 “daytime dysfunction” and A8
“fatigue” presented the highest BEI values in their respective communities (BEI= 0.46 and 0.32). Thus, A8 “fatigue” and
S7 “daytime dysfunction” were considered bridge symptoms in the anxiety-sleep quality network.
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Figure | The anxiety and sleep quality network structure among Chinese college students and the expected influence and bridge expected influence of the nodes in the network.
Notes: (A) The network model of anxiety and sleep quality. The nodes represent items of anxiety and sleep quality, the blue lines represent positive correlations between
anxiety symptoms and sleep quality, the red lines represent negative correlations between anxiety symptoms and sleep quality, and the thickness of the line and the
saturation of the color represent the magnitude of the correlation. In cross-community edges, the strongest correlation of S| was with Al9, the strongest correlation of S2
was with Al9, the strongest correlation of S3 was with Al9, the strongest correlation of S4 was with Al0, the strongest correlation of S5 was with Al6, the strongest
correlation of S6 was with A4, the strongest correlation of S7 was with A8. (B) The expected influence indices in the network of anxiety and sleep quality (raw score).
Sl*“subjective sleep quality”, S7 “daytime dysfunction”, A3 “panic”, All “dizzy”, A8 “fatigue”, Al9 “sleep disorder” had the highest positive El values (Els =1.15, 1.15, I.1,
1.09, 1.05 and 1.05, respectively). (C) The bridge expected influence indices in the network of anxiety and sleep quality (raw score). A8 had the highest bridge expected
influence value (0.32) in the anxiety community, while S7 had the highest bridge expected influence value (0.46) in the sleep quality community. S| = subjective sleep quality;
S2 = sleep latency; S3 = sleep duration; S4 = habitual sleep efficiency; S5 = sleep disturbance; S6 = hypnotic drugs; S7 = daytime dysfunction; Al = anxiety; A2 = fear; A3 =
panic; A4 = intelligence; A5 = misfortune premonition; Aé = tremor; A7 = somatic pain; A8 = fatigue; A9 = restlessness; Al0 = tachycardia; Al | = dizziness; Al2 = fainting
spells; A13 = breathing difficulty; Al4 = tingling; Al5 = stomach pains or indigestion; Al6 = frequent urination; Al7 = hyperhidrosis; Al8 = facial flushing; Al19 = sleep
disorder; A20 = nightmares.
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In addition, in the current network, the EI indices of S1“subjective sleep quality”, S7 “daytime dysfunction”, A3
“panic”, A1l “dizzy” and A19 “sleep disorder” were significantly different from the EI indices of most other nodes
(P < 0.05; see Supplementary Figure S3). Furthermore, the BEI indices of A8 “fatigue”, A19 “sleep disorder”, and

S7 “daytime dysfunction” were significantly different from those of most other nodes (P < 0.05; see Supplementary
Figure S4). From the results of the stability tests of the EI and BEI values, we found that the mean correlation of the
original sample slowly decreased as the sample sampling proportion decreased (Supplementary Figures S5 and S6).
In this study, the CS coefficients were 0.75 for the EI value and 0.75 for the BEI value, indicating that the estimates
of both the EI and the BEI values were sufficiently stable

Discussion

Sleep problems are an emerging global epidemic with potential negative effects on people’s physical health,>* work and
study efficiency.’® In this study, we utilized network analysis to construct a network structure between anxiety symptoms
and sleep quality among Chinese college students and calculated the EI and BEI values of each node. To the best of our
knowledge, few previous studies have used network analysis to investigate the relationship between these two structures.
Therefore, the results of this study help us gain a deeper understanding of the relationship between sleep quality and
anxiety symptoms among college students and identify potential targets for intervention, providing suggestions for future
clinical prevention and intervention.

In the sleep quality—anxiety network, we found that S1“subjective sleep quality”, S2 “sleep latency”, and S3 “sleep
duration” were most strongly and positively associated with A19 “sleep disorder”. This result is consistent with previous
research suggesting that sleep disturbance is one of the most common and problematic symptoms of anxiety disorders.>* >’
Sleep disorders are manifestations of abnormal sleep quality, abnormal behavior during sleep, and disturbances in the
normal rhythmic alternation of sleep and wakefulness.”® Studies have shown that patients with anxiety disorders often have
sleep problems, which are characterized mainly by insomnia, poor sleep quality, difficulty falling asleep, and difficulty
maintaining sleep with easy awakening.>® For the college population, chronic anxiety may create a vicious cycle where
sleep problems and anxiety symptoms exacerbate one another.®® Specifically, anxiety can lead to difficulties in falling

asleep, poor sleep quality, and challenges in maintaining sleep, while decreased sleep quality may further intensify anxiety
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symptoms.®! Therefore, interventions aimed at addressing sleep disorders in this group have the potential to break this
vicious cycle and significantly improve their mental health.®?

In the sleep quality—anxiety network, we found that S4 “habitual Sleep Efficiency” was most strongly and positively
associated with A10 “palpitations”. Palpitations are the sensation of a rapid or irregular heartbeat. Studies have shown
that people with anxiety disorders are more likely to experience episodes of palpitations than people without anxiety
disorders,®® and palpitations are considered to be the only independent predictor of anxiety.®* Sleep efficiency, on the
other hand, is defined as the ratio of total sleep time at night to the total time spent lying in bed.®> A recent study has also
shown that anxiety is positively correlated with sleep efficiency,°® which is consistent with the results of the present
study. This may be attributed to the widespread anxiety among college students, stemming from academic and employ-
ment pressures, which leads to difficulties in initiating and maintaining sleep, and consequently, results in poor sleep
efficiency. Extending the theoretical implications of this finding, our results emphasize the reciprocal relationship
between sleep efficiency and anxiety, suggesting that interventions designed to improve sleep efficiency could potentially
alleviate anxiety symptoms among this population.

In addition, the strongest positive correlation was found between S5 “sleep disorder”, and A16 “urinary frequency”,
which is similar to the results of previous studies.'® The relationship between sleep disorders and anxiety symptoms is
bidirectional; for example, better sleep quality can effectively improve anxiety disorders in college students, whereas
poorer sleep quality can lead to the emergence of anxiety disorders.?* % Furthermore, another study has shown that
frequent urination is a manifestation of anxiety symptoms and may also impact sleep quality.®” Therefore, when
implementing anxiety interventions for college students, it is crucial to pay attention to issues such as sleep disorders
and urinary frequency in order to enhance their overall mental well-being.

In addition, we found that S6 “hypnotic drugs” being most strongly correlated with A4 “Sense of insanity”, which had
the strongest association. This result further confirms that the use of hypnotic drugs may have side effects on college
students, including Sense of insanity.®® College students usually have poor sleep quality; specifically, they develop sleep
disorders because the pressure of studying and the amount of homework assigned force them to frequently stay up late,
and they often use hypnotic medications to help them sleep better.®” While hypnotic drugs are a popular treatment option
for many patients and clinicians, long-term use can lead to a variety of adverse effects.”® For example, amine antagonist
receptors may help improve individuals® sleep quality,”’ but the long-term administration of hypnotic drugs can trigger
anticholinergic effects,”” including adverse effects such as fever, blurred vision, tachycardia, dystonia, and confusion.”
Therefore, hypnotic drugs should be used with caution, and alternative non-pharmacological treatments, such as
cognitive-behavioral therapy, should be considered in interventions targeting sleep disorders and anxiety symptoms.

Notably, in our study, S7 “daytime dysfunction” exhibited the strongest positive correlation with A8 “fatigue”, and
the S7-A8 symptom pair emerged as the key bridging factor, further deepening our understanding of the complex
relationship between sleep quality and anxiety networks. In today’s fast-paced social environment, sleep problems and
daytime dysfunction are becoming increasingly prevalent, particularly among college students.”*’® Our finding is also
consistent with previous research has shown that as daily stress levels increase, college students experience a significant
decline in both the quantity and quality of their sleep, which directly leads to heightened fatigue and daytime
dysfunction.”””® This finding underscores the importance of early identification and resolution of sleep issues to mitigate
their potential negative impact on academic performance and overall well-being.*® Furthermore, it emphasizes the urgent
need to incorporate sleep health education and implement effective interventions within the school setting.®' Thus,
fostering a healthier sleep culture among college students is crucial for alleviating their sleep problems and enhancing
their academic performance and overall well-being.

In addition, the EI value of a node is used to measure its importance in the network structure. A larger EI value of
a node indicates a higher degree of centrality of that node.”” The results of this study revealed that S1“subjective sleep
quality”, S7 “daytime dysfunction”, A3 “panic”, A1l “dizziness”, A8 “fatigue”, and A19 “sleep disturbance” were the
core symptoms in the network. These findings suggest that these six nodes are important central nodes and that
interventions targeting these nodes may provide the greatest generalized benefit to other nodes in the network.®? In
particular, it is more beneficial for college students who have both anxiety and sleep quality symptoms. A previous study
revealed that “panic”, “dizziness”, and “lethargy”, were central to the anxiety symptom-—sleep quality network.*> This
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finding is partially consistent with our results. However, our findings are inconsistent with those of a recent study that
reported that “irritability”, “uncontrollable worry”, “excessive worry”, “fatigue”, and “sleep deprivation” were central
nodes of the anxiety—depression—insomnia symptom network.®® This inconsistency likely stems from differences in the
scales used and the variables included in the network. Since our study was preliminary and largely exploratory in nature,
further studies are needed to validate our findings in the future.

Furthermore, the BEI of a node is defined as the sum of the edges connecting that node to all the nodes in the other
symptom clusters, and nodes with higher BEI values may be perceived as having a higher risk of transmission from that
symptom cluster to other symptom clusters.’® Therefore, when a disorder is present, intervening in potential bridge-
connecting symptoms can be effective in preventing the progression of the disorder and the development of complica-
tions. In the present study, we found that S7 “daytime dysfunction”, and A8 “fatigue”, had high positive BEI values in
their respective associations. From a network perspective, this implies that interventions for “daytime dysfunction” and
“fatigue” have a greater impact on comorbid anxiety and sleep disorders than other nodes in the anxiety symptom—sleep
quality community do, making them potentially optimal targets for intervention. Fatigue is characterized by prolonged
periods of tiredness, decreased energy, or weakness,*® whereas daytime dysfunction refers to excessive daytime
sleepiness, lethargy, and a lack of energy for work.®® Previous studies have confirmed the relationship between fatigue
and sleep disorders.®***® For example, Kim et al®’ reported that individuals with severe fatigue tended to report more
severe insomnia symptoms than did those without fatigue and that interventions targeting fatigue symptoms were more
effective in alleviating comorbid symptoms such as anxiety and insomnia symptoms in college students.* In contrast,
insomnia, sleep deprivation, and poor sleep quality are typical symptoms of sleep disorders® and are closely associated
with depression and anxiety.®® College students with poor sleep quality exhibit high levels of fatigue, drowsiness, and
difficulty concentrating during the day,’* which may affect their ability to engage in normal social interactions.
Therefore, appropriate management of sleep-related problems, especially daytime dysfunction, in college students is
needed to improve the efficiency of interventions for sleep disorders and to save medical resources. For example,
psychological pressure can be reduced through positive thinking therapy, physical exercise, and psychological counseling
to improve sleep quality.

Finally, several limitations of this study are worth noting. First, this was a cross-sectional study that was unable to
determine a causal relationship between anxiety symptoms and sleep quality. Therefore, in the future, we need to design
longitudinal cohort studies that can elucidate causal relationships. For example, by tracking changes in anxiety and sleep
quality of the same group of college students at different points in time, we can more accurately assess the dynamics
between these symptoms, thereby revealing potential causal relationships between them. Second, the convenience
sampling method employed in this study was primarily confined to the college student population in Anhui Province,
potentially limiting the generalizability of the results. To verify the applicability of these findings to the nationwide
college student population, we recommend the adoption of a larger, more representative sampling method in future
studies. This could be accomplished through stratified random sampling across the country, ensuring that the sample
accurately reflects the diversity of the college student population in terms of geographic regions, school types, and grade
levels. By implementing such a research design, we can enhance the generalizability and reliability of our findings. Third,
the current study primarily relied on self-assessment questionnaires to assess anxiety and sleep quality, potentially
introducing recall bias or response bias. To address this limitation, we propose that future research endeavors develop
more comprehensive assessment tools. These tools could integrate clinical diagnosis, objective measures (such as
polysomnography, heart rate variability analysis, among others), and self-assessment questionnaires, thereby enhancing
the accuracy and objectivity of the assessments.””’' By amalgamating multiple assessment methodologies, we can attain
a more holistic understanding of the anxiety and sleep quality status among college students and furnish a scientific
foundation for the development of effective interventions.

Conclusions

This study was the first to examine the relationship between sleep quality and anxiety symptoms in college students
through network analysis, with the aim of identifying complex pathways of pathological correlation between anxiety and
sleep quality among this population. The analysis identified “subjective sleep quality” (S1), “daytime dysfunction” (S7),
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“panic” (A3), “dizziness” (Al1l), “fatigue” (A8), and “sleep disorder” (A19) as predominant central nodes. Notably,
“daytime dysfunction” (S7) and “fatigue” (A8) emerged as critical bridge nodes. These results may offer insights for
future research seeking to develop a theoretical understanding and provide implications for interventions tailored to meet
the mental health needs of Chinese college students. In the future, psychologists and clinicians can adopt appropriate
interventions based on the centrality indices and bridging indicators identified in this study to effectively reduce the
comorbidity of anxiety and sleep disorders among college students.
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