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A B S T R A C T   

Background: Mental health problems are common among clinicians working in public hospitals even in the late 
stage of the COVID-19 pandemic. Network analysis is a novel approach to explore interactions between mental 
health problems at the symptom level. This study examined the network structure of comorbid depression and 
anxiety and their associations with quality of life (QOL) among hospital clinicians in China during the late stage 
of the COVID-19 pandemic. 
Methods: A total of 4931 participants were recruited from October 13 to 22, 2020. The nine-item Patient Health 
Questionnaire (PHQ-9), seven-item Generalized Anxiety Disorder Scale (GAD-7), and the World Health Orga-
nization Quality of Life Questionnaire-Brief Version (WHOQOL-BREF) were used to measure depressive and 
anxiety symptoms, and QOL, respectively. Central and bridge symptoms were identified with centrality and 
bridge centrality indices, respectively. Network stability was examined using the case-dropping procedure. 
Results: The prevalence of depression (defined as PHQ-9 total score ≥ 5) was 35.1 % [95 % confidence interval 
(CI) = 33.73–36.41 %)], the prevalence of anxiety (GAD-7 total score ≥ 5) was 32.5 % (95 % CI = 31.20–33.84 
%), while the prevalence of comorbid depression and anxiety was 26.9 % (95 % CI = 25.7–28.2 %). “Impaired 
motor skills”, “Trouble relaxing” and “Uncontrollable worry” were the central symptoms in the whole 
depression-anxiety network. “Irritability”, “Feeling afraid” and “Sad mood” were the most key bridge symptoms 
linking depression and anxiety. Three symptoms (“Fatigue”, “Trouble relaxing” and “Nervousness”) were the 
most strongly and negatively associated with QOL. Neither gender nor the experiences of caring for COVID-19 
patients was associated with network global strength, distribution of edge weights or individual edge weights. 
Limitations: The causality between variables could not be established. Depressive and anxiety symptoms were 
assessed by self-report measures, which may result in recall bias and limitations in capturing clinical phenomena. 
Conclusions: Both the central (i.e., “Impaired motor skills”, “Trouble relaxing” and “Uncontrollable worry”) and 
bridge symptoms (i.e., “Irritability”, “Feeling afraid” and “Sad mood”) identified in this network analysis should 
be targeted in specific treatment and preventive measures for comorbid depressive and anxiety symptoms among 
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clinicians in the late stage of the pandemic. Furthermore, “Fatigue”, “Trouble relaxing” and “Nervousness” are 
key symptoms to address to improve clinicians' QOL.   

1. Introduction 

Since the coronavirus disease 2019 (COVID-19) outbreak was first 
reported in China at the end of December 2019, it has emerged in >200 
countries and territories by October 2021, with >236 million confirmed 
cases (World Health Organization, 2021). With strict public health 
measures and widespread use of vaccines, COVID-19 epidemic has been 
well-controlled since late 2020 in China, although occasional outbreaks 
caused by imported cases from overseas have continued to occur (Burki, 
2020). The COVID-19 pandemic has had a negative mental health 
impact on vulnerable populations particularly healthcare workers 
resulting in an increased risk of psychiatric problems such as depression 
and anxiety (Lai et al., 2020; Pan et al., 2022; Tsamakis et al., 2020), as 
well as comorbid depression and anxiety (Baker et al., 2012; Frewen 
et al., 2013). Compared with depression or anxiety alone, comorbid 
depression and anxiety are associated with more severe health outcomes 
such as greater illness severity, higher risk of chronicity, and more se-
vere functioning impairment (Groen et al., 2020; Liu et al., 2021; Zhou 
et al., 2017). Therefore, to reduce the likelihood of severe health out-
comes, understanding the specific features of comorbid depression and 
anxiety is important. Moreover, as a widely used health outcome mea-
sure, quality of life (QOL) is a multidimensional concept associated with 
various factors such as physical and psychological health, social re-
lationships, educational level, employment, sense of security and others 
(Pequeno et al., 2020; The WHOQOL Group, 1998). Both depression and 
anxiety are negatively associated with QOL (An et al., 2020; Angermeyer 
et al., 2002; Bodurka-Bevers et al., 2000; Fiorillo and Javed, 2021; 
Zhang et al., 2021); for example, a cross sectional study found that cli-
nicians with depression had a lower QOL when comparing to those 
without depression during the COVID-19 pandemic (Zhang et al., 2021). 

Recent studies found that psychiatric problems, such as depression 
and anxiety, are common among clinicians even in the late pandemic 
stage despite better containment during this period (Cai et al., 2021; 
Lorusso et al., 2020). Therefore, addressing the depression and anxiety 
among clinicians during the late stage of the pandemic is an important 
focus for both clinical practice and research (Tian et al., 2020; Zhao 
et al., 2021). Both depression and anxiety comprise a cluster of symp-
toms (Kroenke et al., 2001; Tyrer and Baldwin, 2006). However, most 
studies only assessed the severity of depression and anxiety, and their 
comorbidities using standalone total scores of standard scales, which do 
not reflect the associations and inter-relationships between individual 
symptoms. 

Unlike traditional research approaches, network analysis could 
quantify the relationships between individual depressive and anxiety 
symptoms, which has been widely used in clinical research (Beard et al., 
2016; Dalege et al., 2017; Epskamp et al., 2018; Marchetti, 2019; Van 
Borkulo et al., 2017). In the theory of network analysis, psychiatric 
syndromes and disorders are viewed as an interacting cluster of symp-
toms, which include nodes representing observed variables (e.g., 
depressive and anxiety symptoms). Different nodes are connected by 
edges that represent relationships between nodes (i.e., partial correla-
tions) (Epskamp et al., 2018). The node centrality statistics (e.g., 
strength, expected influence (EI)) are used to measure nodes' charac-
teristics and determine the central (influential) symptoms in the 
network (Beard et al., 2016). Central symptoms within a network model 
have the strongest associations with other symptoms. Since central 
symptoms may activate other symptoms, they may play a major role in 
the onset and/or maintenance of a psychiatric syndrome. Thus, target-
ing central symptoms in preventive measures and interventions may be 
more efficient (Borsboom and Cramer, 2013). Furthermore, network 
model provides a new approach to understanding the mechanism of 

psychiatric comorbidities (Cramer et al., 2010a; Cramer et al., 2010b). 
For instance, when an individual suffers from a psychiatric disorder, 
certain symptoms of this disorder may increase the risk of other disor-
ders, which are regarded as bridge symptoms in the network model. 
Bridge symptoms in the network model may play a critical role in 
developing and perpetuating comorbidities, and also provide hints for 
clinicians for preventing and treating psychiatric comorbidities (Jones 
et al., 2019). 

Several studies have applied network analysis on the characteristics 
of depression and anxiety in various populations. For example, a study 
reported that “fatigue” was the central and bridge symptom in the 
network structure of depression and anxiety among migrant Filipino 
domestic workers (Garabiles et al., 2019). In another study conducted in 
psychiatric patients, “sad mood” and “worry” were identified as the 
central symptoms in the network model (Beard et al., 2016). Since the 
patterns and features of mood syndromes are strongly influenced by 
socioeconomic contexts and environmental factors (Compton et al., 
2006; Kleinman, 2004), it is crucial to examine the network structure of 
depressive and anxiety symptoms separately in different settings and 
populations. Additionally, no network analysis on the association be-
tween QOL and depressive and anxiety symptoms among clinicians 
during the pandemic has been reported, although this is important to 
develop effective strategies to improve QOL in this population. 

To date, no studies on comorbid depressive and anxiety symptoms 
(depression and anxiety hereafter) in clinicians in the late stage of the 
COVID-19 pandemic have been published using the network model, 
which gave us the impetus to conduct this study. The study objectives 
were to investigate the network structure of comorbid depression and 
anxiety among hospital clinicians during the late stage of the pandemic 
in China, and to explore the relationships between QOL and depressive 
and anxiety symptoms. 

2. Methods 

2.1. Study design and settings 

This was a cross-sectional study on the mental health status of cli-
nicians conducted by the National Clinical Research Center for Mental 
Disorders of China with the support of the Beijing Hospital Authority 
from October 13 to 22, 2020 in Beijing China. Due to risk of contagion, 
face-to-face interviews were not conducted during the COVID-19 
pandemic. Like other studies (Lai et al., 2020; Sun et al., 2020), 
WeChat-imbedded “Questionnaire Star” program was adopted to collect 
data based on consecutive sampling. WeChat is a widely used 
smartphone-based social communication application with >1.2 active 
billion users per month in China. All clinicians in Beijing needed to 
register personal health status using WeChat each week during the 
pandemic, therefore, all were presumably WeChat users. Eligibility in-
clusion criteria included: 1) aged 18 years or older; 2) clinicians working 
in public hospitals in Beijing; 3) able to understand the content of 
assessment. The study protocol was centrally approved by the ethics 
committee of Beijing Anding Hospital. A Quick Response code (QR 
Code) linked to the study introduction and invitation, and the access to 
questionnaire was designed and adopted. The QR code was distributed 
to all public hospitals in Beijing by the National Clinical Research Center 
for Mental Disorders of China, and all clinicians working in these hos-
pitals were invited to participate in this study. After providing the 
electronic written informed consent, participants could access the data 
collection form and questionnaire by scanning the QR code using their 
smartphone. 
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2.2. Measurements 

Severity of depressive symptoms was measured using the Chinese 
version of the nine-item Patient Health Questionnaire (PHQ-9) (Kroenke 
et al., 2001). Each item was scored from “0” (not at all) to “3” (nearly 
every day), with a higher score indicating more severe depressive 
symptoms. The PHQ-9 has been well-validated in the Chinese pop-
ulations (Wang and Chen, 2014; Zhang et al., 2013). Severity of anxiety 
symptoms was measured using the Chinese version of the 7-item 
Generalized Anxiety Disorder Scale (GAD-7) (Garabiles et al., 2020; 
Spitzer et al., 2006), which comprises 7 items with each scored from “0” 
(not at all) to “3” (nearly every day), and higher scores indicate more 
severe anxiety symptoms. A PHQ-9 total score of ≥5 was considered as 
"having depression", a GAD-7 total score of ≥5 was considered as 
"having anxiety", while those with both PHQ-9 total score of ≥5 and 
GAD-7 total score of ≥5 were considered as "having comorbid depres-
sion and anxiety". Global quality of life (QOL) was measured by the first 
two items of the World Health Organization Quality of Life 
Questionnaire-brief version (WHOQOL-BREF) (Skevington et al., 2004; 
The WHOQOL Group, 1998). Higher total scores indicate higher QOL. 
The Chinese version of the WHOQOL-BREF has been validated in Chi-
nese populations with good sensitivity and specificity (Xia et al., 2012; 
Yang et al., 2006). 

2.3. Statistical analyses 

2.3.1. Network estimation 
The comorbid depression and anxiety network analysis was per-

formed using R software (R Core Team, 2020). The polychoric correla-
tions between all the PHQ-9 and GAD-7 items were calculated based on 
the Graphical Gaussian Model (GGM) with the graphic least absolute 
shrinkage and selection operator (LASSO) and Extended Bayesian In-
formation Criterion (EBIC) model in the R package “qgraph” (Epskamp 
et al., 2018; Epskamp et al., 2012). The expected influence (EI) was 
calculated to determine the central (influential) symptoms in the 
network (Beard et al., 2016). For each node, EI represented the summed 
weight of all its edges, including positive and negative associations with 
its immediate neighbor nodes in the network, i.e., EI considered the sign 
of the association connecting two nodes (i.e., negative vs. positive par-
tial correlation) by summing the magnitude of the edges connected to 
the node. The role of a symptom as a bridge between depression and 
anxiety communities was also assessed in this study using the bridge 
expected influence (bEI) of each symptom. The bEI of one node is the 
summed edge weights to the nodes of all other symptoms, which reflects 
the importance of an individual symptom linking two clusters of psy-
chiatric symptoms or two psychiatric disorders (Cramer et al., 2010b; 
Jones et al., 2021). Furthermore, the predictability of each node was 
estimated using the package “mgm” (Haslbeck and Waldorp, 2015). 
Predictability was defined as the variance in a node that is explained by 
all other nodes in the network. Moreover, the flow network of QOL, 
depression and anxiety was estimated. 

2.3.2. Network stability 
To further assess the accuracy of the network, the bootstrap method 

in the “bootnet” package was used to investigate the stability of cen-
trality and bridge centrality indices based on three procedures. First, the 
accuracy of edge-weights was estimated by computing confidence in-
tervals (CIs) with non-parametric bootstrapping method (Chernick, 
2011). Then, the primary dataset was resampled randomly to create new 
datasets from which the 95 % CIs were calculated. Second, the corre-
lation stability coefficient (CS-C) was calculated to assess the stability of 
the EI centrality using subset bootstraps (Costenbader and Valente, 
2003). The CS-C represented the maximum proportion of samples that 
could be removed, such that with 95 % probability the correlation be-
tween original centrality indices could reach at least 0.7 (Epskamp et al., 
2018). Generally, the CS-C should not be <0.25, and preferably above 

0.5. Third, bootstrapped difference tests were performed to evaluate 
differences in the network's properties (Epskamp and Fried, 2018). This 
test relied on 95 % CIs, to determine if two edge-weights or two node 
centrality indices significantly differed from one-another. 

2.3.3. Network comparison 
As recommended in previous studies (Lai et al., 2020; Zhang et al., 

2020), we investigated whether the network characteristics differed 
between male and female participants, and between clinicians with and 
without experiences of caring for COVID-19 patients. The Network 
Comparison Test (NCT) was performed to assess differences in the 
network structure (e.g., distributions of edge weights), global strength 
(e.g., the absolute sum of all edge weights of the networks), and each 
edge between the two networks (i.e., females vs. males; those with ex-
periences of caring for COVID-19 vs. those without experiences of caring 
for COVID-19) using Holm-Bonferroni correction of p values due to 
multiple tests (Van Borkulo et al., 2017). These tests were performed 
with the R-package “NetworkComparisonTest” version 2.0.1 (van Bor-
kulo et al., 2016). 

3. Results 

3.1. Study sample 

Of a total of 5230 were invited to participate in the study, 4931 
fulfilled the study entry criteria and completed the assessment (1095 
males and 3836 females). The overall prevalence of depression (defined 
as PHQ-9 total score ≥ 5) was 35.1 % [95 % confidence interval (CI) =
33.73–36.41 %], the prevalence of anxiety (GAD-7 total score ≥ 5) was 
32.5 % (95 % CI = 31.20–33.84 %), while the prevalence of comorbid 
depression (PHQ-9 total score ≥ 5) and anxiety (GAD-7 total score ≥ 5) 
was 26.9 % (95 % CI = 25.7–28.2 %). The mean age of participants was 
36.5 years [standard deviation (SD) = 8.40 years], and mean PHQ-9 
score was 3.75 (SD = 4.12), and mean GAD-7 score was 3.17 (SD =
3.40). Mean scores of the PHQ-9 and GAD-7 with their SDs, skewness, 
and kurtosis are shown in Table S1. 

3.2. Network structure 

Fig. 1 shows the network structure of depression and anxiety in 
hospital clinicians during the late stage of the COVID-19 pandemic. The 
predictability of each symptom is shown as ring-shaped pie charts. The 
mean predictability was 0.61, indicating that on average 61 % of each 
node's variance could be accounted for by neighboring nodes. The 
network model indicates that the connection between GAD.5 (“Rest-
lessness”) and GAD.7 (“Feeling afraid”) was the strongest positive edge 
in the anxiety community, followed by the edges between GAD.1 
(“Nervousness”) and GAD.3 (“Excessive worry”), and between GAD.2 
(“Uncontrol worry”) and GAD.3 (“Excessive worry”). In the depression 
community, the edge between PHQ.7 (“Concentration”) and PHQ.8 
(“Motor”) was the strongest one, followed by the edges between nodes 
PHQ.4 (“Fatigue”) and PHQ.5 (“Appetite”) and between nodes PHQ.8 
(“Motor”) and PHQ.9 (“Suicide”). 

For centrality index EI, the node PHQ.8 (“Motor”) had the highest EI 
centrality, followed by the nodes GAD.4 (“trouble relaxing”) and GAD.2 
(“Uncontrollable worry”) in the whole network (Fig. 1 right part), 
indicating that the three symptoms are important and influential for 
understanding the structure of the depression and anxiety network 
model among hospital clinicians. For bridge EI, GAD.6 (“Irritability”), 
GAD.7 (“Feeling afraid”) and PHQ.2 (“Sad mood”) were the most key 
bridge symptoms linking depression and anxiety communities (Fig. 2). 
In the depression and anxiety network structure, the connection be-
tween GAD.6 (“Irritability”) and PHQ.4 (“Fatigue”) (average edge 
weight = 0.137) was the strongest edge, followed by the connections 
between GAD.5 (“Restlessness”) and PHQ.8 (“Motor”) (average edge 
weight = 0.128), and between GAD.7 (“Feeling afraid”) and PHQ.9 
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(“Suicide”) (average edge weight = 0.125). Moreover, there was a 
negative connection between GAD.5 (“Restlessness”) and PHQ.4 (“Fa-
tigue”) (Fig. 2, Supplementary Table S2). 

3.3. Network stability 

The centrality of EI had an excellent level of stability (i.e., CS-coef-
ficient = 0.75), which indicates that when 75 % of the sample was 
dropped, the structure of the network did not significantly change 
(Fig. 3). The results of the bootstrap 95 % CI for edges and bootstrapped 
differences tests for edge weight are shown in supplementary Fig. S1, 
and the results of estimation of edge weight difference by bootstrapped 
difference test are shown in supplementary Fig. S2. The bootstrap dif-
ference test shows that most of the comparisons between edge weights 

are statistically significant (Supplementary Fig. S3). 

3.4. Flow network of quality of life (QOL) 

Following previous studies (An et al., 2020; Hacimusalar et al., 
2020), as a widely used health outcome, depression and anxiety was 
negatively associated with QOL in hospital clinicians. Of the individual 
symptoms, the node PHQ.4 (“Fatigue”) had the strongest negative as-
sociation with QOL (average edge weight = − 0.15), followed by the 
GAD.4 (“Trouble relaxing”) (average edge weight = − 0.06) and GAD.1 
(“Nervousness”) (average edge weight = − 0.06) (Fig. 4). 

Fig. 1. Network structure of depression and anxiety in clinicians during the late stage of the COVID-19 pandemic.  

Fig. 2. Network structure of depression and anxiety showing bridge symptoms in clinicians during the late stage of the COVID-19 pandemic  
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Fig. 3. The stability of centrality and bridge centrality indices using case-dropping bootstrap.  

Fig. 4. Flow network of quality of life.  
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3.5. The confounding effects of age, gender, and experiences caring for 
COVID-19 patients on the depression and anxiety network model 

Previous findings (Cai et al., 2020; Chew et al., 2020; Pappa et al., 
2020) indicated that gender, age and the experiences of caring for 
COVID-19 patients were significantly associated with depression and 
anxiety in clinicians. Based on previous studies (Dalege et al., 2017; 
Marchetti, 2019), the depression and anxiety network model and 
structure indexes were re-estimated after controlling for age, gender and 
the experiences of caring for COVID-19 patients as covariates. The 
adjusted network model after controlling for covariates was significantly 
correlated with the original one (r = 0.66, 95 % CI = [− 0.22, 0.69]; p <
0.05) (Supplementary Fig. S4), suggesting that the covariates did not 
significantly affect the network model. 

3.6. Network comparison tests for gender and the experiences caring for 
COVID-19 patients 

The comparison of network models between female (n = 3836) and 
male (n = 1095) clinicians did not find significant differences in the 
network global strength (network strength: 8.28 in male participants; 
7.92 in female participants; S = 0.35, p = 0.159), and edge weights (M =
0.11, p = 0.272; Supplementary Figs. S5 and S6). Similarly, the com-
parison of network structure between clinicians with (n = 2055) and 
without (n = 2876) the experiences of caring for COVID-19 patients did 
not find significant differences in the network global strength (network 
strength: 7.94 in clinicians with the experiences of caring for COVID-19 
patients; 7.93 in those without the experiences; S: 0.01, p = 0.971), and 
edge weights (M = 0.09, p = 0.63; Supplementary Figs. S7 and S8). 

4. Discussion 

To best of our knowledge, this was the first study that characterized 
the network structure of comorbid depressive and anxiety, and their 
associations with QOL in Chinese hospital clinicians (N = 4931) during 
the late stage of the COVID-19 pandemic. In this study, “Impaired motor 
skills” was the most central symptom in the depression and anxiety 
network, followed by “Trouble relaxing” and “Uncontrollable worry”. As 
such, these symptoms are important and influential in terms of under-
standing the structure of the depression and anxiety network model in 
this population. Furthermore, “Irritability”, “Feeling afraid” and “Sad 
mood” were the key bridge symptoms linking depression and anxiety in 
this sample. We also found that “Fatigue”, “Trouble relaxing” and 
“Nervousness” were negatively associated with QOL among clinicians. 

In the depression and anxiety network model, psychomotor symp-
toms such as impaired motor skills (“Motor”), inability to relax 
(“Trouble relaxing”), and uncontrollable worry were the central symp-
toms among Chinese clinicians during the late stage of the COVID-19 
pandemic. This was consistent with the results of a previous study 
conducted in the Chinese general population during the COVID-19 
pandemic (Wang et al., 2020). However, previous studies found that 
other depressive symptoms, such as “Sad mood” and “Too much worry”, 
were also the most central symptoms among psychiatric patients (Beard 
et al., 2016), while “Fatigue”, “Too much worry” and “Sad mood” were 
the core symptoms among Filipino domestic workers (Garabiles et al., 
2019). These inconsistent findings indicate the discrepancy of central 
symptoms between different study samples and between different study 
periods. During the late stage of the pandemic, uncertainty remained 
due to the rapid spread of SARS-CoV-2 Delta variant globally, necessi-
tating the continuation of strict public health measures (He et al., 2021). 
Hospital clinicians were deployed to provide clinical services and 
conduct mass rapid nucleic acid test for the population in high-risk 
areas. Therefore, the heavy workload and high level of stress for clini-
cians persisted, coupled with quarantine measures such as reduced 
outdoor physical exercises and recreational activities. Furthermore, 
clinicians might worry about the risk of infection to themselves, their 

family members, and colleagues because of the highly contagious 
variant (Cai et al., 2020) and the limited protective effects of the COVID- 
19 vaccines. All these factors could increase the risk of psychomotor 
symptoms such as impaired motor skills, inability to relax, and uncon-
trollable worry. In the network theory, central symptoms play important 
roles in maintaining the psychopathology network, hence treating those 
symptoms could help to ameliorate the relevant psychopathology 
(Belzer and Schneier, 2004; Cramer et al., 2010a). 

Anxiety and depression are commonly co-occurring disorders (Kalin, 
2020). A global survey found that 45.7 % of participants with lifetime 
major depressive disorder had a lifetime history of one or more anxiety 
disorder (Ferro, 2016). The results from Sequenced Treatment Alterna-
tives to Relieve Depression (STAR*D) study showed that 53 % of those 
with major depression had significant anxiety (Fava et al., 2004). Ac-
cording to previous neurobiological studies (Etkin and Schatzberg, 
2011; Kovner et al., 2019), anxiety and depressive disorders have 
common changes in prefrontal limbic pathways involved in emotion 
regulation mechanisms at the brain circuit level. Several meta-analyses 
also revealed that common structural and functional changes in brain 
circuits underlying emotion regulation (Etkin and Schatzberg, 2011), 
executive function (Goodkind et al., 2015), and cognitive control 
(McTeague et al., 2017) in both anxiety and depression. Further, alter-
ations in prefrontal limbic pathways (Kovner et al., 2019; McTeague 
et al., 2020) and serotonergic projections arising from the raphe nuclei 
are associated with both depression and anxiety (An et al., 2016). 
Moreover, depression is associated with a single nucleotide 
polymorphisms-heritability of 12–14 %, indicating substantial genetic 
overlap with anxiety (Purves et al., 2017). From the neuroendocrino-
logical perspective, dysfunctional hypothalamic–pituitary–adrenal 
(HPA) axis and elevated cortisol are considered common to both 
depression and anxiety (Chen et al., 2017; Tafet and Nemeroff, 2020). 

The network analysis revealed that bridge symptoms connecting 
depressive and anxiety communities included “Irritability” (becoming 
easily annoyed or irritable), “Feeling afraid” (feeling afraid as if some-
thing awful might happen) and “Sad mood” (feeling down, depressed or 
hopeless) in clinicians. Our findings are consistent with previous find-
ings (Garabiles et al., 2019; Jones et al., 2021; Wang et al., 2020). For 
instance, “Irritability” was the bridge symptom in depression and anx-
iety network model among the general population (Wang et al., 2020), 
while “Sad mood” was the bridge symptom in depression and anxiety 
network model in Filipino domestic workers during the COVID-19 
pandemic (Garabiles et al., 2019; Jones et al., 2021). Even during the 
late stage of the COVID-19 pandemic, clinicians had to wear personal 
protective equipment (PPE) that might result in physical discomfort and 
difficulty breathing (Salazar de Pablo et al., 2020), all of which could 
cause irritability among clinicians. Moreover, a study found that “Un-
certainty about when the epidemic will be under control” and “Worry 
about inflicting COVID-19 on family” were the most stressful feelings 
among clinicians during the pandemic (Hummel et al., 2021), which 
could isolate clinicians from their families and reduce their social sup-
ports (Braquehais et al., 2020). All these factors may trigger feelings of 
being afraid, depressed or hopeless. In network theory, if bridge symp-
toms that link comorbid syndromes/disorders could be improved (i.e., 
“burning the bridges” between syndromes/disorders), the psychiatric 
comorbidities could be reduced (Jones et al., 2018). Therefore, inter-
vention focusing on these bridge symptoms could reduce the co- 
occurring depression and anxiety among clinicians. It should be noted 
that bridge and central symptoms between studies are often not the same 
in different study samples. For example, compared to our findings, a 
study conducted among patients with both depression and anxiety found 
that “psychomotor agitation” or “retardation” was the strongest bridge 
symptom connecting anxiety and depression clusters, followed by 
“concentration problems” and “restlessness” (Kaiser et al., 2021). In 
another study conducted in psychiatric patients, “sad mood” and 
“worry” were identified as the central symptoms in the network model 
(Beard et al., 2016). 
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QOL is a concept that includes a person's physical condition, psy-
chological state, level of independence, social relationships, environ-
ment and spirituality (Bonomi et al., 2000). In this study, compared with 
other symptoms, “Fatigue”, “Trouble relaxing” and “Nervousness” had 
strong negative associations with QOL in clinicians, which is consistent 
with previous findings (Jin et al., 2021). Jin et al. (Jin et al., 2021) re-
ported that clinicians with fatigue had significantly lower QOL 
compared with those without. Other studies found that clinicians 
reporting higher level of psychological stress and burnout had an 
increased risk of substance abuse and suicide, especially when they were 
dealing with huge work demands, illness, deaths, interpersonal conflicts 
and lack of knowledge or support during public health crisis (e.g., out-
breaks of infectious diseases (Aiken et al., 2002; Su et al., 2009)), all of 
which could lower QOL. 

The strength of this study included the large sample size and use of 
the network approach to visualize comorbid depressive and anxiety 
symptoms in clinicians. However, several limitations should be noted. 
First, this was a cross-sectional study, therefore the causality between 
variables could not be established. Future longitudinal studies are 
warranted. Second, depressive and anxiety symptoms were assessed by 
self-report measures, which may result in recall bias and limitations in 
capturing clinical phenomena (Coughlin, 1990). Third, the central 
symptoms and bridge symptoms identified in this study may not be 
generalized to other groups during other stages of the pandemic. 

In conclusion, central symptoms (i.e., “Impaired motor skills”, 
“Trouble relaxing” and “Uncontrollable worry”) and bridge symptoms 
(i.e., “Irritability”, “Feeling afraid” and “Sad mood”) identified in this 
network of comorbid depression and anxiety should be targeted in 
specific treatment and preventive measures for comorbid depressive and 
anxiety symptoms in Chinese hospital clinicians in the late stage of the 
pandemic. For example, cognitive behavioral therapy (CBT) targeting 
these symptoms using behavioral activation and cognitive restructuring 
could be beneficial for clinicians with comorbid depression and anxiety 
(Björgvinsson et al., 2014). Additionally, government and healthcare 
agencies need to address depression and anxiety in hospital clinicians in 
the late stage of the COVID-19 pandemic with effective interventions. 
Furthermore, “Fatigue”, “Trouble relaxing” and “Nervousness” are 
important symptoms to address to improve QOL. 
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