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Background: To explore the underlying mechanism and changes of anxiety and 
insomnia before and after severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) vaccination, we conducted an online cross-sectional survey. 

Methods: This is a cross-sectional study conducted in two phases: the first phase 
was from May to June 2020 (before vaccination) and the second phase was from 
June to August 2021 (after vaccination). In total, 2245 participants were enrolled 
before vaccination, and 7207 participants were enrolled after vaccination. Anxiety 
was measured using the Generalized Anxiety Disorder–7(GAD-7) Scale and 
insomnia using the Athens Insomnia Scale-8(AIS-8) Scale. Network analysis 
models were applied to examine the correlation between anxiety and 
insomnia. Furthermore, a network comparison test was performed to compare 
network characteristics before and after vaccination. 

Results: Our work showed that participants’ anxiety and insomnia scores were 
lower after vaccination than before vaccination. Sense of well-being during the 
day (AIS6) in AIS remained high both before and after vaccination. The central 
intensity of premature wakefulness (AIS3), feeling afraid, and functioning 
(physical and mental) during the day (AIS7) decreased after vaccination, and the 
mediation between sense of well-being during the day (AIS6) and sleeping during 
the day (AIS8) increased significantly. 

Limitations: The study was a cross-sectional survey. The numbers of participants 
differed much in the two groups. 

Conclusions: The proportion of participants experiencing anxiety and insomnia 
decreased significantly after SARS-CoV-2 vaccination. Network analysis 
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https://www.frontiersin.org/articles/10.3389/fpsyt.2025.1604309/full
https://www.frontiersin.org/articles/10.3389/fpsyt.2025.1604309/full
https://www.frontiersin.org/articles/10.3389/fpsyt.2025.1604309/full
https://www.frontiersin.org/articles/10.3389/fpsyt.2025.1604309/full
https://www.frontiersin.org/articles/10.3389/fpsyt.2025.1604309/full
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyt.2025.1604309&domain=pdf&date_stamp=2025-07-14
mailto:285058041@qq.com
https://doi.org/10.3389/fpsyt.2025.1604309
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://doi.org/10.3389/fpsyt.2025.1604309
https://www.frontiersin.org/journals/psychiatry


Liu et al. 10.3389/fpsyt.2025.1604309 

Frontiers in Psychiatry 
identified psychosis-related symptoms as key links between anxiety and 
insomnia. These findings suggest that targeted interventions focusing on 
daytime emotional regulation could improve mental health outcomes, guiding 
healthcare practices during public health crises. 
KEYWORDS 
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1 Introduction 

The coronavirus disease 2019 (COVID-19) pandemic, caused 
by severe acute respiratory disease coronavirus 2 (SARS-CoV-2), 
has emerged as a significant global public health crisis in the 21st 
century (1). In response, governments worldwide implemented 
various preventive and isolation measures (2, 3), including remote 
work, social distancing, and reduced outdoor activities. Subsequent 
studies have revealed the profound impact of the COVID-19 
pandemic on both physical and mental well-being. The 
prevalence of depression has surged seven fold since the outbreak 
(4), with 90 million new cases of anxiety disorders reported globally 
and a significant number of individuals experiencing insomnia (5). 
A nationwide multicenter cross-sectional study found that 
psychological and sleep problems increased during interpersonal 
isolation due to COVID-19 in China (6). 

SARS-CoV-2 vaccination is considered a crucial strategy in 
combating the COVID-19 pandemic (7). On January 5, 2021, the 
Chinese government officially implemented a policy of providing 
free vaccinations to all individuals (8). Research has shown that 
SARS-CoV-2 vaccination not only reduces the severity of 
pneumonia and mortality rates (9), but also has a positive impact 
on the psychological well-being of the population (9, 10). 

There are currently more than 400 known mental diseases, with 
the most common ones being depressive disorders, anxiety 
disorders, and various sleep disorders (11). Among these, anxiety 
often co-exists with insomnia, which is a common complaint 
among patients with anxiety and can significantly impact the 
course of anxiety (12). Another study found that fatigue, 
restlessness, and sleep disturbance are key symptoms associated 
with comorbid depression and anxiety (13). 

Several studies have found that SARS-CoV-2 vaccination has 
shown improvements in symptoms of anxiety, insomnia, and 
depression during the COVID-19 pandemic (10, 14). However, 
previous studies have focused on the effects of vaccination on 
anxiety, depression and sleep in the population, and have not 
investigated the mechanisms and changes of anxiety and insomnia 
symptoms before and after vaccination. Moreover, traditional 
approaches to understanding anxiety and insomnia in 
psychopathology often fail to emphasize the differences between 
individual symptoms and their connections to typical symptoms of 
other syndromes (15). Network analysis is a valuable tool for 
02 
understanding complex disorders and comorbidities by focusing on 
symptom-level interactions rather than treating symptoms in 
isolation. This approach identifies key “bridge symptoms” that link 
disorders, offering a more detailed understanding of psychopathology 
(16). In sleep medicine, network models have revealed that symptoms 
like fatigue and irritability often serve as bridges between insomnia 
and mental health conditions, helping to uncover mechanisms that 
drive comorbidities like anxiety and insomnia (17). To further 
investigate the correlation between anxiety and insomnia before 
and after vaccination, we designed a custom questionnaire to assess 
individuals’ anxiety and insomnia before and after SARS-CoV-2 
vaccination. Additionally, we employed a network analysis model 
to examine the symptoms associated with anxiety and insomnia. This 
analysis aimed to deepen our understanding of the relationship 
between anxiety and insomnia, identify key symptoms that act as 
bridges between these conditions, and ultimately contribute to 
reducing the occurrence of anxiety, insomnia, and related 
symptoms. Consequently, this research has the potential to 
enhance people’s mental well-being. 
2 Methods 

2.1 Study samples 

This cross-sectional study was conducted in two phases: the first 
phase was from May to June 2020 (before vaccination) and the 
second phase was from June to August 2021 (after vaccination). 
Participants were extensively recruited in China to take part in the 
survey through the online platform “questionnaire star” including 
the Generalized Anxiety Disorder-7 and Athens Insomnia Scale-8. 
Informed consent was obtained electronically from all participants 
before starting data collection. Participants were free to opt out of 
the study at any time, even while filling in the questionnaire. 
Detailed information on data collection, inclusion and exclusion 
criteria, and demographic data are given in the Supplementary 
Information. After excluding 105 ineligible questionnaires, our final 
analysis included 9,452 participants. The inclusion criteria:(1) 
voluntary participation in the survey;(2)participants aged 18 years 
or older; (3) all the participants who were conscious and could 
complete the questionnaires independently;(4) lived in mainland 
China during the survey.The exclusion criteria:(1) patients with 
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significant symptoms of anxiety or depression or priorly diagnosed 
with comorbid psychiatric illness before COVID-19 infection;(2) 
quit the study.(The flow chart describing participant selection and 
exclusion is shown in Figure 1). The Clinical Research Ethics 
Committee of the First People’s Hospital of Changde City 
approved this study (approval number: 2021-040-01). 
2.2 Survey tools 

2.2.1 Generalized Anxiety Disorder–7 
The Chinese version of the GAD-7 scale was used to assess 

participants’ anxiety. (18). The items on the GAD-7 scale, along 
with their corresponding reference names, are listed in 
Supplementary Table S1. Each item is rated on a scale from 0 
(not at all) to 3 (almost every day), with higher scores indicating 
greater symptom severity. Participants with a total score of 5 or 
higher were considered to have anxiety, with the severity 
categorized as follows: 1–4 (minimal), 5–9 (mild),  10–14 
(moderate), and 15 or higher (severe). The Cronbach’s alpha for 
this scale was 0.941, indicating excellent internal consistency. 

2.2.2 Athens Insomnia Scale-8 
Insomnia was assessed using AIS-8 (19). Each item of AIS-8 and 

their corresponding reference names are provided in Supplementary 
Table S1. Of  the  eight items, the  first five addressed participants’ sleep
related symptoms: difficulty falling asleep, difficulty maintaining sleep, 
and premature wakefulness. The last three items addressed the impact 
of any reported sleep disturbance on daytime activities: well-being, 
functional ability, and daytime drowsiness (20). Each item of the 
Frontiers in Psychiatry 03 
questionnaire could be rated from 0 to 3 (3 = severe; 2 = significant; 
1 = slight; 0 = no problem/normal), with the total score ranging from 
0 to 24. Participants were considered to have insomnia if the total score 
was ≥6 (19). Cronbach’s alpha  was 0.914.  
3 Statistical analysis 

The rank sum test (Mann-Whitney U test) was used to compare 
changes in the total score of sleep status and anxiety before and after 
SARS-CoV-2 vaccination. Statistical significance was considered 
when P < 0.05. Network analysis was performed in terms of network 
estimation, network stability, and network differences. 
3.1 Network estimation 

3.1.1 Network estimation 
Based on network parlance, scores for each item were considered 

nodes, and pair-wise correlations between these scores were 
considered edges. Associations between each pair of nodes were 
determined using partial correlation analyses, after adjusting for the 
confounding effects of all other nodes (21). This approach ensures 
that the edges represent direct associations between symptoms. 

To visualize the network describing the relationship between 
insomnia and anxiety symptoms, we first employed the Gaussian 
Graphical Model using the R program package “bootnet,” which 
estimates pairwise association parameters between all nodes. As 
parameter estimation can lead to false-positive associations, the 
relevant edges were accurately identified. In addition, the underlying 
The proportion of participants experiencing anxiety and insomnia 
decreased significantly after SARS-CoV-2 vaccination. Network analysis 
identified psychosis-related symptoms as key links between anxiety and 

insomnia. 

Conclusions 

1) voluntary participation in the survey; 

2)participants aged 18 years or older; 

3) all the participants who were conscious and could 
complete the questionnaires independently; 

4) lived in mainland China during the survey. 

participation in the survey; 

The inclusion criteria 

1) patients with significant symptoms of anxiety or 

depression or priorly diagnosed with comorbid 

psychiatric illness before COVID-19 infection; 

2)quit the study. 

The exclusion criteria 

9452 participants 
2245 paticipants (before SARS CoV-2 vaccination) 
7207 participants (after SARS CoV-2 vaccination)

 6 participants without complete information;

 20 participants unable to understand the questionnaire;

 25 participants with a history of psychiatric diseases;

 54 participants quit the study. 

Explore the underlying mechanism and changes of 
anxiety and insomnia before and after severe acute 

respiratory syndrome SARS-CoV-2 vaccination 

105 Excluded 

p p9557 participants 

FIGURE 1 

The flow chart of participant selection and exclusion. 
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the relevant edge and network structure was identified using the least 
absolute shrinkage and selection operator(LASSO). In the network 
layout, the thickness of the edges indicates the association size. Blue 
edges indicate negative associations, whereas red edges indicate positive 
associations. Network analysis evaluates the importance of a node in the 
network, primarily through the strength of association between a node 
in the network and other nodes, usually reflected by three centrality 
indicators: strength (sum of edge weights directly connected to the node, 
which indicates the importance of symptoms in the network), 
betweenness (number of times the shortest path between any two 
nodes passes through another node, which indicates the importance of 
symptoms connected to other symptoms), and closeness (inverse of the 
average, shortest path length between the node and other nodes, which 
indicates the degree of association between symptoms). The R package 
“qgraph” was used to perform centrality analysis and visualization. To 
assess the importance of the nodes in connecting anxiety and insomnia, 
bridge centrality indices of bridge strength were analyzed using the 
functional bridge of the R package “networktools” (version 1.2.3). 

3.1.2 Network stability 
The accuracy and stability of the network model were examined 

using three procedures in order to assess the robustness of the results. In 
the first step, confidence intervals (CIs) were calculated using non
parametric bootstrapping to estimate the accuracy of edge-weights. By 
resampling and replacing the observed values, 95% confidence intervals 
(95% CI) can be obtained for each sampled value. In order to maintain 
network stability, the edge with little overlap and the 95% CI indicates 
that it is relatively “irreplaceable.” In the second step, the stability of 
centrality indices (i.e., betweenness, closeness, and strength) was 
evaluated using the correlation stability coefficient (CS-C) through 
subset bootstrapping (1000 replicates). The CS-C indicates the highest 
proportion of nodes that can be removed while maintaining a 
correlation of ≥0.7 with the original centrality measure. A CS-C > 0.5 
indicates good node stability. In the third step, a bootstrapped difference 
test was performed to determine whether differences in edge weights or 
centrality indices between nodes were statistically significant. 

3.1.3 Network comparison 
The Network Comparison Test (NCT) in R-package was used 

to compare the network structure before and after vaccination. 
NCT is a two-tailed permutation test that determines differences 
between two networks based on several properties such as global 
strength, network structure, and local edge strength. The global 
intensity and local edge intensity were compared between the two 
networks after NCT passed resampling 1000 times. Statistical 
significance was set at P < 0.05. 
4 Results 

4.1 Demographic, anxiety and insomnia 
characteristics 

A total of 2245 participants were enrolled in the pre-vaccination 
cohort and 7207 in the post-vaccination cohort. The pre-vaccination 
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cohort had a mean age of 30.47 years (SD = 8.16), and 35.2% of the 
participants were female. In the post-vaccination cohort, the mean age 
was 37.71 years (SD = 12.05), with 63.4% female participants. The 
geographic distribution of participants included both urban and rural 
areas, with 26.2% of pre-vaccination participants and 29.2% of post
vaccination participants residing in rural areas. The pre-vaccination 
cohort had higher anxiety scores (mean GAD-7 score: 4.25 vs.1.04, 
Z = 38.67, P < 0.001) and insomnia scores (mean AIS score:5.23 vs.2.37, 
Z = 25.55, P < 0.001) than the post-vaccination cohort. A significantly 
higher proportion of participants (43.7%) presented with anxiety 
symptoms (GAD-7 score ≥5) before vaccination than after 
vaccination (9.7%; c2 = 1356.13, P < 0.001). A significantly 
higher proportion of participants developed insomnia symptoms 
(AIS score ≥6) before vaccination (43.7%) than after vaccination 
(16.2%; c2 = 738.56, P = < 0.001) (Table 1). 
4.2 Network estimation 

Figure 2 shows the network connectivity of anxiety and insomnia 
symptoms before and after vaccination. At both the vaccination stages, 
few symptoms had similar patterns of association, such as tight 
junctions between total sleep duration and overall sleep quality 
(AIS4-AIS5). Similarly, the connection between a few symptoms 
changed from pre- to post-vaccination. During the post-vaccination 
period, the connection strength between daytime physical and mental 
function (AIS) and the degree of daytime sleepiness (AIS7-AIS8) as 
well as “nervous-worry a lot” from (GAD-7) and “nervous-control 
worry” (GAD-7) were significantly attenuated compared with those in 
the pre-vaccination period. Connections between other symptoms 
were also attenuated to varying degrees. Notably, during the pre
vaccination period, symptoms of insomnia and anxiety were mainly 
connected with sense of well-being during the day as well as with 
restlessness (difficulty in relaxing or keeping still; AIS6-Restless, 
however, this connection was significantly attenuated in the post
vaccination period. Correlation matrices (Supplementary Tables S2, S3) 
are shown in Supplementary Materials. 
4.3 Network accuracy and stability 

As shown in Figure 3, centrality indices for all symptoms are 
displayed for both pre- and post-vaccination periods. In the pre
vaccination network, sense of well-being during the day (AIS6) 
exhibited the highest strength centrality, followed by daytime 
sleepiness (AIS8) and daytime physical and mental function (AIS7), 
indicating their central roles in the symptom network. After 
vaccination, changes in centrality were observed, with a notable 
decrease in the strength centrality of premature wakefulness (AIS3), 
feeling afraid, and daytime function (AIS7). Additionally, the 
connection between sense of well-being during the day (AIS6) and 
daytime sleepiness (AIS8) was significantly enhanced in the post
vaccination period, highlighting these symptoms as key links in the 
network and suggesting their potential role in maintaining 
symptom associations. 
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As shown in Supplementary Figure S1, bootstrapped 95% 
confidence intervals (CIs) for edge weights were narrow, and the 
edge values were consistently higher than zero, indicating that the 
edge weights in the current sample were stable and consistent with 
the bootstrapped sample. This analysis provides assurance of the 
accuracy of the edge weights across the networks. 
Frontiers in Psychiatry 05 
Figure 4 presents the stability of centrality indices through case
dropping subset bootstrapping. This figure shows the results of 
bootstrapping in which portions of the sample were systematically 
removed, and the stability of centrality measures was evaluated. The 
bridge strength of the network was extremely unstable at both stages 
(for both stages, CScor=0.7 = 0). In addition, symptom networks at 
the after peak stage exhibited less stable structures, as its 
betweenness (CScor=0.7 = 0.13), bridge betweenness (CScor=0.7 = 
0.13) , closeness (CScor=0.7 = 0.21) and bridge closeness (CScor=0.7 

= 0.21) showed a CS lower than 0.25. Meanwhile, the symptom 
network at outbreak stage also exhibited a unstable structure with 
the CS of betweenness (CScor=0.7 = 0.21), bridge betweenness 
(CScor=0.7 = 0.21) , closeness (CScor=0.7 = 0.28) and bridge 
closeness (CScor=0.7 = 0.21) less than 0.25. Besides that, the 
symptom network exhibited a relatively stable structure with the 
CS of strength in the pre-vaccination period (CScor=0.7 = 0.67) and 
in the post-vaccination period (CScor=0.7 = 0.67). 
4.4 Changes in the overall network 
connectivity 

NCT results demonstrated that the global strength was 
significantly different between pre- and post-vaccination periods 
(S = 0.19, P < 0.001; Figure 5). Compared with the network before 
vaccination, the network after vaccination showed significantly 
increased edge weights of AIS6–AIS4–Relax (diff, contrast: 
before–after. diff = 0.05, P < 0.001, diff = 0.03, P = 0.007), AIS6– 
AIS3–Control worry ((diff, contrast: before–after. diff=0.03, P = 
0.009, diff = 0.01, P = 0.024), AIS6–AIS7–Control worry ((diff, 
contrast: before–after. diff = 0.015, P = 0.037, diff = 0.02, p = 0.017), 
and AIS6–AIS5 (diff = 0.06, p < 0.001). In contrast, Nervous-AIS6 
was significantly decreased ((diff, contrast: before–after. diff=-0.02, 
p=0.017). Of note, AIS6 was found to be at the center of these 
symptom associations and was linked to control worry from the 
GAD-7 through AIS7 and AIS3. In contrast, the association of 
nervousness with AIS6 decreased significantly during the post
vaccination period. 
5 Discussion 

The objective of this study was to explore the changes of anxiety 
and insomnia symptoms in the Chinese population before and after 
SARS-CoV-2 vaccination, and to use network analysis models to 
reveal their potential interaction mechanisms. To the best of our 
knowledge, this study presents the first network analysis of 
psychopathological symptoms before and after SARS-CoV-2 
vaccination, providing valuable insights into the interaction 
between anxiety and insomnia. Demographic characteristics 
revealed that participants in the pre-vaccination cohort had a 
higher average age compared to the post-vaccination cohort. The 
study found that anxiety and insomnia scores were higher before 
vaccination and significantly decreased after vaccination, indicating 
TABLE 1 Demographic, anxiety and insomnia characteristics of 
the sample. 

Characteristic 
Before 
vaccination 
(N=2245) 

After 
vaccination 
(N=7207) 

Age [mean (SD)] 30.47 (8.16) 37.71 (12.05) 

Gender (N/%) 

Male 1454 (64.8) 2638 (36.6) 

Female 791 (35.2) 4569 (63.4) 

Income (N/%) 

<5000 697 (31.0) 4053 (56.2) 

5000-10000 980 (43.7) 2354 (32.7) 

10000-20000 413 (18.4) 419 (5.8) 

>20000 155 (6.9) 381 (5.3) 

Degree (N/%) 

Elementary or Below 211 (9.4) 1199 (16.6) 

High school 358 (15.9) 1340 (18.6) 

College or Undergraduate 1470 (65.5) 4533 (62.9) 

Graduate or Above 206 (9.2) 135 (1.9) 

Area (N/%) 

Rural 589 (26.2) 2108 (29.2) 

Urban 1656 (73.8) 5099 (70.8) 

GAD-7 score [mean (SD)] 4.25 (4.54) 1.04 (2.56) 

GAD-7 score group (N/%) 

Without anxiety 1265 (56.3) 6511 (90.3) 

Anxiety 980 (43.7) 696 (9.7) 

GAD-7 score group (N/%) 

Without depression 820 (36.5) 5477 (76.0) 

Slight 445 (19.8) 1034 (14.3) 

Light 671 (29.9) 573 (8.0) 

Moderate 267 (11.9) 88 (1.2) 

Severe 42 ( (1.9) 35 (0.5) 

AIS score (mean (SD)) 5.23 (4.91) 2.37 (3.23) 

AIS score group (N/%) 

Without insomnia 1263 (56.3) 6039 (83.8) 

Insomnia 982 (43.7) 1168 (16.2) 
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that SARS-CoV-2 vaccination may alleviate anxiety and improve 
insomnia symptoms to some extent. Additionally, a network 
analysis model was employed to analyze the psychological data 
and identify common symptoms connecting anxiety and insomnia 
at different stages before and after vaccination. The results of the 
network analysis highlight the significance of daytime emotions as 
central symptoms and bridge symptoms, suggesting that targeted 
Frontiers in Psychiatry 06
psychological interventions focused on enhancing daytime 
emotional regulation could effectively reduce the occurrence of 
anxiety and insomnia, thereby improving patient outcomes. 
Previous studies have found that depression and anxiety are 
associated with insomnia, and patients at a high risk of insomnia 
have a higher incidence of anxiety and depression than those 
without insomnia (22). Moreover, sleep disorders are the 
FIGURE 2 

Symptom network of anxiety symptoms and insomnia during different stages of the SARS-CoV-2 vaccination. In the diagram symptom nodes with 
stronger connections are closer to each other. The orange nodes denote the AIS items; the blue nodes denote the GAD-7 items. The dark blue lines 
represent positive correlations. The edge thickness represents the strength of the association between symptom nodes. 
FIGURE 3 

Centrality measures of all symptoms within the network at different stages of the SARS-CoV-2 vaccination. The figure shows centrality measures 
(i.e., strength, betweenness, and closeness) of all symptoms within the network (z-scores). 
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FIGURE 5 

Significantly different edges between samples assessed at two different stages of the SARS-CoV-2 vaccination. The blue nodes denote the GAD-7 
items, and the orange nodes denote the AIS items. Compared with before vaccination, after vaccination network showed the edge weights of AIS6
AIS4-Relax, AIS6-AIS3-Control worry, AIS6-AIS7-Control worry, and AIS6-AIS5 were significantly increased (red lines). In contrast, Nervous-AIS6 was 
significantly decreased (blue lines). 
FIGURE 4 

Stability of network structures. The x-axle indicates the included portion of cases, and the y-axle indicates the correlations between the original 
centrality indices with the estimated centrality after dropping part of the cases. Lines with different colors represent different network properties. The 
shades indicate the range from the 2.5th quantile to the 97.5th quantile. 
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common symptoms of depression, and both these conditions share 
the same risk factors and biological basis (23). Based on the above 
theories, the present study determined the bridge symptoms 
between anxiety and insomnia to more accurately prevent these 
symptoms. The results revealed that the prevalence of anxiety and 
sleep disorders (both 43.7%) in the population was higher before 
vaccination than after vaccination (anxiety: 9.7%, sleep disorders: 
16.2%). In a recent meta-analysis assessing the global impact of the 
COVID-19 pandemic, 30% of people have anxiety (24). Another 
meta-analysis showed the prevalence of anxiety during the 
pandemic was 27% (25). Compared with these, a higher 
prevalence of anxiety was observed in the pre-vaccination cohort 
of the present study. This high prevalence may be attributed to the 
fact that the pre-vaccination period was scheduled during the peak 
of the pandemic. Additionally, with the recent introduction of the 
vaccine, there were prevalent concerns regarding its potential side 
effects and efficacy (26), which were not considered within the scope 
of this study. Historically, during prior pandemics, vaccine 
hesitancy has been associated with adverse media portrayals and 
critical attitudes towards vaccines among influential officials 
(27).To further support these data, a study assessed the change in 
the centrality of the psychopathological symptom network after the 
pandemic peak (28). The findings confirmed that the psychiatric 
consequences of COVID-19 may continue indefinitely and may 
even peak later than the actual epidemic (29). In the present study, 
43.7% of the population had insomnia before vaccination, which is 
in line with the data from a systematic review on the prevalence of 
sleep disorders in healthy people (18.4%–84.7%) during COVID-19 
pandemic (30). However, the prevalence of anxiety and insomnia in 
our study decreased to 9.7% and 16.2%, respectively, after 
vaccination, suggesting that vaccination provided positive 
psychological reassurance. Participants probably believed that 
vaccines provide a certain protective effect against COVID-19, 
which may have improved their anxiety and insomnia symptoms. 
Furthermore, research outcomes may be influenced by temporal 
effects, such as the natural decline in the population’s overall anxiety 
levels as an epidemic subsides, which in turn can impact symptoms 
of insomnia. This alternative explanation has been corroborated by 
other studies. For example, Wang et al. conducted a nationwide 
survey with a sample size of 36,795 participants, revealing that while 
the prevalence of mental health symptoms remained elevated 
during the period of epidemic abatement and the resumption of 
work activities, a discernible downward trend was observed. (31). 
This suggests that environmental factors themselves may 
significantly contribute to the alleviation of anxiety and insomnia. 

However, data were collected 2–3 months after vaccination 
(June to August 2021) in this study. This time window may not fully 
capture the long-term psychological effects of vaccination, 
especially since individual anxiety and insomnia symptoms may 
fluctuate over time (32). For instance, shortly after vaccination, 
individuals might experience temporary relief from anxiety and 
insomnia due to the sense of protection and psychological 
reassurance provided by vaccination. However, as time passes, 
these positive effects may diminish, and other stressors, such as 
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social pressures or economic uncertainties, could resurface, 
potentially impacting mental health. 

Moreover, the stability of anxiety and insomnia symptoms post
vaccination could change over time. Studies from a population of 
healthcare workers have shown that anxiety and insomnia 
symptoms may persist even after vaccine coverage and the 
pandemic eases. For example, Ding et al. highlighted in a 
multicenter study involving 1,412 healthcare workers that despite 
the majority having received public psychological education, nearly 
20% continued to experience significant symptoms of anxiety or 
insomnia (33). This finding suggests that an individual’s 
psychological state is influenced by a complex interplay of factors, 
and vaccination alone may not suffice to comprehensively enhance 
mental health. While individuals may initially experience 
psychological relief from receiving immunization, these symptoms 
might re-emerge as new challenges, such as COVID-19 variants or 
ongoing societal stressors, arise. Thus, longer follow-up periods are 
necessary to assess the long-term psychological impacts 
of vaccination. 

Network analysis showed that daytime mood was the most 
important symptom in the network both before and after 
vaccination. Accordingly, the daytime mood was used as the 
bridge symptom to connect anxiety and insomnia. Sleep quality 
may usually be judged based not only on what happens during sleep 
but also on mood during the waking state. Among people with 
insomnia, fatigue, irritability, and discomfort are more common 
than daytime sleepiness (34). In line with this, interventions to 
improve mood and functioning during the day have been found to 
improve self-reported assessments of sleep quality (35). A study 
conducted in Italy during the COVID-19 pandemic revealed that 
daytime sleepiness did not significantly contribute to anxiety, 
depression, and mood regulation processes. However, other sleep
related variables, particularly insomnia, may have a stronger 
association with these factors (36). For patients with psychiatric 
conditions, grief and worry have been found to be the most 
important symptoms in the anxiety and depression symptom 
network (37). Moreover, psychomotor symptoms including 
reduced exercise capacity, restlessness, and inability to relax have 
been shown to be the most important symptoms in the network 
during the COVID-19 outbreak stage (38). The results of our study 
showed that the intensity of each symptom in the GAD-7 scale and 
AIS in the post- vaccination period was lower than that in the pre
vaccination period. However, the inability to relax and daytime 
well-being (AIS6) showed a higher intermediary than other 
symptoms in both the pre- and post-vaccination periods; 
moreover, the intermediary of daytime drowsiness was 
significantly higher in the post-vaccination period. This may be 
attributed to the lockdown and restrictions imposed that severely 
limited people’s ability to engage in important social activities such 
as work, shopping, socialization, and leisure. In addition, these 
restrictions resulted in people having to face the pressure of social 
isolation, fear of contracting the virus, domestic violence, racial and 
geographical discrimination due to closures, and financial crises due 
to underemployment and unemployment (37). In this study, we 
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found that the intensity, connectivity, and tightness of fear in the 
anxiety scale were significantly reduced after vaccination, implying 
that vaccination alleviated the fear of COVID-19 in the population. 

This study is not without limitations. First, the interpretation of 
edge weights in the network analysis should be approached with 
caution, as they may not fully capture causal relationships between 
symptoms. The stability of the network, although assessed through 
bootstrapping, could still be influenced by sample size and 
composition, and missing data might affect the accuracy of the 
network model. Additionally, gender or age distribution differences 
between pre- and post-vaccination cohorts may have influenced 
anxiety prevalence. The notable disparity in sample size between the 
two participant groups in this study may also diminish the statistical 
power of the analysis. Furthermore, the diagnosis of anxiety and 
insomnia was based on self-reported measures using an online 
platform rather than face-to-face interviews, which may have 
introduced response biases. Lastly, the findings may not be 
generalizable beyond the Chinese population studied. In this 
study, data were collected 2–3 months after vaccination (June to 
August 2021). This time window may not fully capture the long
term psychological effects of vaccination, especially since individual 
anxiety and insomnia symptoms may fluctuate over time. The 
timing of data collection in this study may therefore affect the 
interpretation of the results. Future research should explore the 
long-term trajectory of anxiety and insomnia following vaccination 
to gain a more comprehensive understanding of how vaccination 
influences mental health over time. 

In conclusion, while the cross-sectional design of this study 
constrains the capacity to infer causal relationships and does not 
entirely eliminate the potential influence of other time-related 
factors on the improvement of psychological states, it nonetheless 
offers a novel perspective on the relationship between vaccination, 
anxiety, and insomnia, supported by a substantial sample size and 
comprehensive symptom network analysis. The findings of this 
study suggest that SARS-CoV-2 vaccination may relieve anxiety and 
insomnia symptoms and highlight the critical role of daytime 
emotions as bridge symptoms. These results provide a foundation 
for future research to explore the long-term psychological benefits 
of vaccination, the efficacy of targeted interventions aimed at 
enhancing daytime emotional regulation, and the integration of 
mental health strategies into public health initiatives. Further 
studies could assess how vaccination might serve as a protective 
factor for mental well-being in other public health crises, 
contributing to more comprehensive approaches to mental 
health care. 
6 Conclusion 

SARS-CoV-2 vaccination may alleviate anxiety and insomnia 
symptoms, with daytime emotions emerging as key symptoms 
linking these conditions. These findings suggested that targeted 
psychological interventions focusing on improving daytime 
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emotional regulation could have enhanced mental health 
outcomes. Incorporating such strategies into clinical practice 
might have helped mitigate the psychological impact of public 
health crises, ultimately promoting better mental well-being. 
Data availability statement 

The raw data supporting the conclusions of this article will be 
made available by the authors, without undue reservation. 
Ethics statement 

The Clinical Research Ethics Committee of the First People’s 
Hospital of Changde City approved this study (approval number: 
2021-040-01). Informed consent was obtained electronically from 
all participants before starting data collection. 
Author contributions 

SL: Writing – review & editing. YL: Writing – original draft. CJ: 
Methodology, Writing – review & editing. JG: Writing – original draft. 
MD: Writing – review & editing. LF: Writing – review & editing. ML: 
Writing – review & editing. WJ: Writing – review & editing. XZ: 
Writing – review & editing. 
Funding 

The author(s) declare that financial support was received for the 
research and/or publication of this article. This study was supported 
by the Health Research Project of Hunan Provincial Health 
Commission (W20242014), Changde Hospital, Xiangya School of 
Medicine, Central South University (The first people’s hospital of 
Changde city) (2022ZZ11), and The science and technology 
innovation program of Changde City (2022.51.1, 2020SK005) and 
the National Key Clinical Specialty Scientific Research Project 
(grant number: Z2023166). 
Acknowledgments 

The authors wish to thank Bullet Edits Limited for the linguistic 
editing and proofreading of the manuscript. 
Conflict of interest 

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest. 
 frontiersin.org 

https://doi.org/10.3389/fpsyt.2025.1604309
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


Liu et al. 10.3389/fpsyt.2025.1604309 
Generative AI statement 

The author(s) declare that no Generative AI was used in the 
creation of this manuscript. 
Publisher’s note 

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
Frontiers in Psychiatry 10 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher. 
Supplementary material 

The Supplementary Material for this article can be found online at: 
https://www.frontiersin.org/articles/10.3389/fpsyt.2025.1604309/ 
full#supplementary-material 
References 
1. Zhou B, Li S, Ye J, Liu Y, Hu L, Tang Y, et al. Immunopathological events 
surrounding IL-6 and IFN-alpha: A bridge for anti-lupus erythematosus drugs used 
to treat COVID-19. Int Immunopharmacol. (2021) 101:108254. doi: 10.1016/ 
j.intimp.2021.108254 

2. Wang H, Le Z. Expert recommendations based on link prediction during the 
COVID-19 outbreak. Scientometrics. (2021) 126:4639–58. doi: 10.1007/s11192-021
03893-3 

3. Guo YR, Cao QD, Hong ZS, Tan YY, Chen SD, Jin HJ, et al. The origin, 
transmission and clinical therapies on coronavirus disease 2019 (COVID-19) outbreak 
- an update on the status. Mil Med Res. (2020) 7:11. doi: 10.1186/s40779-020-00240-0 

4. Bueno-Notivol J, Gracia-Garcia P, Olaya B, Lasheras I, Lopez-Anton R, 
Santabarbara J. Prevalence of depression during the COVID-19 outbreak: A meta
analysis of community-based studies. Int J Clin Health Psychol. (2021) 21:100196. 
doi: 10.1016/j.ijchp.2020.07.007 

5. Carr MJ, Steeg S, Webb RT, Kapur N, Chew-Graham CA, Abel KM, et al. Effects 
of the COVID-19 pandemic on primary care-recorded mental illness and self-harm 
episodes in the UK: a population-based cohort study. Lancet Public Health. (2021) 6: 
e124–35. doi: 10.1016/S2468-2667(20)30288-7 

6. Huang Y, Zhao N. Generalized anxiety disorder, depressive symptoms and sleep 
quality during COVID-19 outbreak in China: a web-based cross-sectional survey. 
Psychiatry Res. (2020) 288:112954. doi: 10.1016/j.psychres.2020.112954 

7. Bartsch SM, O'Shea KJ, Ferguson MC, Bottazzi ME, Wedlock PT, Strych U, et al. 
Vaccine efficacy needed for a COVID-19 coronavirus vaccine to prevent or stop an 
epidemic as the sole intervention. Am J Prev Med. (2020) 59:493–503. doi: 10.1016/ 
j.amepre.2020.06.011 

8. Gao L, Su S, Du N, Han Y, Wei J, Cao M, et al. Medical and non-medical students' 
knowledge, attitude and willingness towards the COVID-19 vaccine in China: a cross
sectional online survey. Hum Vaccin Immunother. (2022) 18:2073757. doi: 10.1080/ 
21645515.2022.2073757 

9. Stuart ASV, Shaw RH, Liu X, Greenland M, Aley PK, Andrews NJ, et al. 
Immunogenicity, safety, and reactogenicity of heterologous COVID-19 primary 
vaccination incorporating mRNA, viral-vector, and protein-adjuvant vaccines in the 
UK (Com-COV2): a single-blind, randomised, phase 2, non-inferiority trial. Lancet. 
(2022) 399:36–49. doi: 10.1016/S0140-6736(21)02718-5 

10. Zhang X, Yue Q, Li M, Wu C, Zhou L, Cai Y, et al. SARS-CoV-2 vaccination may 
improve anxious, insomnia and depressive symptoms among Chinese population aged 
18–75 years during the COVID-19 pandemic. Sci Rep. (2023) 13:22029. doi: 10.1038/ 
s41598-023-48977-7 

11. Noiseux S, St-Cyr Tribble D, Leclerc C, Ricard N, Corin E, Morissette R, et al. 
Developing a model of recovery in mental health. BMC Health Serv Res. (2009) 9:73. 
doi: 10.1186/1472-6963-9-73 

12. Marcks BA, Weisberg RB, Edelen MO, Keller MB. The relationship between 
sleep disturbance and the course of anxiety disorders in primary care patients. 
Psychiatry Res. (2010) 178:487–92. doi: 10.1016/j.psychres.2009.07.004 

13. Cramer AO, Waldorp LJ, van der Maas HL, Borsboom D. Comorbidity: 
a network perspective. Behav Brain Sci. (2010) 33:137–50. doi: 10.1017/ 
S0140525X09991567 

14. Chen S, Aruldass AR, Cardinal RN. Mental health outcomes after SARS-CoV-2 
vaccination in the United States: A national cross-sectional study. J Affect Disord. 
(2022) 298:396–9. doi: 10.1016/j.jad.2021.10.134 

15. Beard C, Millner AJ, Forgeard MJ, Fried EI, Hsu KJ, Treadway MT, et al. 
Network analysis of depression and anxiety symptom relationships in a psychiatric 
sample. Psychol Med. (2016) 46:3359–69. doi: 10.1017/S0033291716002300 

16. Kaiser T, Herzog P, Voderholzer U, Brakemeier EL. Unraveling the comorbidity 
of depression and anxiety in a large inpatient sample: Network analysis to examine 
bridge symptoms. Depress Anxiety. (2021) 38:307–17. doi: 10.1002/da.23136 
17. Peng P, Liang M, Wang Q, Lu L, Wu Q, Chen Q. Night shifts, insomnia, anxiety, 
and depression among Chinese nurses during the COVID-19 pandemic remission 
period: A network approach. Front Public Health. (2022) 10:1040298. doi: 10.3389/ 
fpubh.2022.1040298 

18. Spitzer RL, Kroenke K, Williams JB, Lowe B. A brief measure for assessing 
generalized anxiety disorder: the GAD-7. Arch Intern Med. (2006) 166:1092–7. 
doi: 10.1001/archinte.166.10.1092 

19. Soldatos CR, Dikeos DG, Paparrigopoulos TJ. Athens Insomnia Scale: validation 
of an instrument based on ICD-10 criteria. J Psychosom Res. (2000) 48:555–60. 
doi: 10.1016/s0022-3999(00)00095-7 

20. Sirajudeen MS, Dilshad Manzar M, Alqahtani M, Alzhrani M, Albougami A, 
Somasekharan Pillai P, et al. Psychometric properties of the athens insomnia scale 
in occupational computer users. Healthcare (Basel). (2020) 8. doi: 10.3390/ 
healthcare8020089 

21. Bai W, Cai H, Liu S, Chen X, Sha S, Cheung T, et al. Anxiety and depressive 
symptoms in college students during the late stage of the COVID-19 outbreak: a 
network approach. Transl Psychiatry. (2021) 11:638. doi: 10.1038/s41398-021-01738-4 

22. Oh CM, Kim HY, Na HK, Cho KH, Chu MK. The effect of anxiety and 
depression on sleep quality of individuals with high risk for insomnia: A population
based study. Front Neurol. (2019) 10:849. doi: 10.3389/fneur.2019.00849 

23. Li L, Lok GKI, Mei SL, Cui XL, An FR, Li L, et al. Prevalence of depression and its 
relationship with quality of life among university students in Macau, Hong Kong and 
mainland China. Sci Rep. (2020) 10:15798. doi: 10.1038/s41598-020-72458-w 

24. Salari N, Hosseinian-Far A, Jalali R, Vaisi-Raygani A, Rasoulpoor S, 
Mohammadi M, et al. Prevalence of stress, anxiety, depression among the general 
population during the COVID-19 pandemic: a systematic review and meta-analysis. 
Global Health. (2020) 16:57. doi: 10.1186/s12992-020-00589-w 

25. Chekole YA, Abate SM. Global prevalence and determinants of mental health 
disorders during the COVID-19 pandemic: A systematic review and meta-analysis. 
Ann Med Surg (Lond). (2021) 68:102634. doi: 10.1016/j.amsu.2021.102634 

26. Swierad M, Swierad I, Szydlo R, Honisz G, Gasior M, Kalarus Z, et al. Assessment 
of the level of anxiety for COVID-19 vaccinations. Vaccines (Basel). (2022) 10. 
doi: 10.3390/vaccines10060915 

27. Savas E, Tanriverdi D. Knowledge, attitudes and anxiety towards influenza A/ 
H1N1 vaccination of healthcare workers in Turkey. BMC Infect Dis. (2010) 10:281. 
doi: 10.1186/1471-2334-10-281 

28. Wang Y, Hu Z, Feng Y, Wilson A, Chen R. Changes in network centrality of 
psychopathology symptoms between the COVID-19 outbreak and after peak. Mol 
Psychiatry. (2020) 25:3140–9. doi: 10.1038/s41380-020-00881-6 

29. Gunnell D, Appleby L, Arensman E, Hawton K, John A, Kapur N, et al. 
Suicide risk and prevention during the COVID-19 pandemic. Lancet Psychiatry. 
(2020) 7:468–71. doi: 10.1016/S2215-0366(20)30171-1 

30. Lin YN, Liu ZR, Li SQ, Li CX, Zhang L, Li N, et al. Burden of sleep disturbance 
during COVID-19 pandemic: A systematic review. Nat Sci Sleep. (2021) 13:933–66. 
doi: 10.2147/NSS.S312037 

31. Wang S, Zhang Y, Guan Y, Ding W, Meng Y, Hu H, et al. A nationwide 
evaluation of the prevalence of and risk factors associated with anxiety, depression and 
insomnia symptoms during the return-to-work period of coronavirus disease 2019 in 
China. Soc Psychiatry Psychiatr Epidemiol. (2021) 56:2275–86. doi: 10.1007/s00127
021-02046-4 

32. Wang S, Zhang Y, Ding W, Meng Y, Hu H, Liu Z, et al. Psychological distress 
and sleep problems when people are under interpersonal isolation during an epidemic: 
A nationwide multicenter cross-sectional study. Eur Psychiatry. (2020) 63:e77. 
doi: 10.1192/j.eurpsy.2020.78 

33. Ding W, Wang M-Z, Zeng X-W, Liu Z-H, Meng Y, Hu H-T, et al. Mental health 
and insomnia problems in healthcare workers after the COVID-19 pandemic: A 
frontiersin.org 

https://www.frontiersin.org/articles/10.3389/fpsyt.2025.1604309/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyt.2025.1604309/full#supplementary-material
https://doi.org/10.1016/j.intimp.2021.108254
https://doi.org/10.1016/j.intimp.2021.108254
https://doi.org/10.1007/s11192-021-03893-3
https://doi.org/10.1007/s11192-021-03893-3
https://doi.org/10.1186/s40779-020-00240-0
https://doi.org/10.1016/j.ijchp.2020.07.007
https://doi.org/10.1016/S2468-2667(20)30288-7
https://doi.org/10.1016/j.psychres.2020.112954
https://doi.org/10.1016/j.amepre.2020.06.011
https://doi.org/10.1016/j.amepre.2020.06.011
https://doi.org/10.1080/21645515.2022.2073757
https://doi.org/10.1080/21645515.2022.2073757
https://doi.org/10.1016/S0140-6736(21)02718-5
https://doi.org/10.1038/s41598-023-48977-7
https://doi.org/10.1038/s41598-023-48977-7
https://doi.org/10.1186/1472-6963-9-73
https://doi.org/10.1016/j.psychres.2009.07.004
https://doi.org/10.1017/S0140525X09991567
https://doi.org/10.1017/S0140525X09991567
https://doi.org/10.1016/j.jad.2021.10.134
https://doi.org/10.1017/S0033291716002300
https://doi.org/10.1002/da.23136
https://doi.org/10.3389/fpubh.2022.1040298
https://doi.org/10.3389/fpubh.2022.1040298
https://doi.org/10.1001/archinte.166.10.1092
https://doi.org/10.1016/s0022-3999(00)00095-7
https://doi.org/10.3390/healthcare8020089
https://doi.org/10.3390/healthcare8020089
https://doi.org/10.1038/s41398-021-01738-4
https://doi.org/10.3389/fneur.2019.00849
https://doi.org/10.1038/s41598-020-72458-w
https://doi.org/10.1186/s12992-020-00589-w
https://doi.org/10.1016/j.amsu.2021.102634
https://doi.org/10.3390/vaccines10060915
https://doi.org/10.1186/1471-2334-10-281
https://doi.org/10.1038/s41380-020-00881-6
https://doi.org/10.1016/S2215-0366(20)30171-1
https://doi.org/10.2147/NSS.S312037
https://doi.org/10.1007/s00127-021-02046-4
https://doi.org/10.1007/s00127-021-02046-4
https://doi.org/10.1192/j.eurpsy.2020.78
https://doi.org/10.3389/fpsyt.2025.1604309
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


Liu et al. 10.3389/fpsyt.2025.1604309 
multicenter cross-sectional study. World J Psychiatry. (2024) 14:704–14. doi: 10.5498/ 
wjp.v14.i5.704 

34. Pillai V, Roth T, Drake CL. The nature of stable insomnia phenotypes. Sleep. 
(2015) 38:127–38. doi: 10.5665/sleep.4338 

35. Ramlee F, Sanborn AN, Tang NKY. What sways people's judgment of sleep 
quality? A quantitative choice-making study with good and poor sleepers. Sleep. (2017) 
40. doi: 10.1093/sleep/zsx091 

36. Sardella A, Varallo G, Agus M, Lenzo V, Zagaria A, Terrone G, et al. Anxiety, 
depression, emotion regulation, and daytime sleepiness: are there links between these 
Frontiers in Psychiatry 11 
factors? Network analysis on an italian sample during the covid-19 pandemic. Clin 
Neuropsychiatry. (2023) 20:395–404. doi: 10.36131/cnfioritieditore20230501 

37. Bodrud-Doza M, Shammi M, Bahlman L, Islam ARDT, Rahman MM. 
Psychosocial and socio-economic crisis in Bangladesh due to COVID-19 pandemic: 
A perception-based assessment. Front Public Health. (2020) 8:341. doi: 10.3389/ 
fpubh.2020.00341 

38. Frot M, Feine JS, Bushnell CM. Sex differences in pain perception and anxiety. A 
psychophysical study with topical capsaicin. Pain. (2004) 108:230–6. doi: 10.1016/ 
j.pain.2003.11.017 
frontiersin.org 

https://doi.org/10.5498/wjp.v14.i5.704
https://doi.org/10.5498/wjp.v14.i5.704
https://doi.org/10.5665/sleep.4338
https://doi.org/10.1093/sleep/zsx091
https://doi.org/10.36131/cnfioritieditore20230501
https://doi.org/10.3389/fpubh.2020.00341
https://doi.org/10.3389/fpubh.2020.00341
https://doi.org/10.1016/j.pain.2003.11.017
https://doi.org/10.1016/j.pain.2003.11.017
https://doi.org/10.3389/fpsyt.2025.1604309
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	The bridge between anxiety and insomnia symptoms among Chinese adults before and after SARS-CoV-2 vaccination: a network analysis
	1 Introduction
	2 Methods
	2.1 Study samples
	2.2 Survey tools
	2.2.1 Generalized Anxiety Disorder–7
	2.2.2 Athens Insomnia Scale-8


	3 Statistical analysis
	3.1 Network estimation
	3.1.1 Network estimation
	3.1.2 Network stability
	3.1.3 Network comparison


	4 Results
	4.1 Demographic, anxiety and insomnia characteristics
	4.2 Network estimation
	4.3 Network accuracy and stability
	4.4 Changes in the overall network connectivity

	5 Discussion
	6 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


