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Background: A high proportion of clinicians experienced common anxiety, insomnia and depression during the COVID-19 
pandemic. This study examined the item-level association of comorbid anxiety and insomnia symptoms among clinicians who 
suffered from depressive symptoms during the late stage of the COVID-19 pandemic using network analysis (NA).
Methods: Clinicians with depressive symptoms (with a Patients Health Questionnaire (PHQ-9) total score of 5 and above) were 
included in this study. Anxiety and insomnia symptoms were measured using the Generalized Anxiety Disorder Scale - 7-item (GAD- 
7) and Insomnia Severity Index (ISI), respectively. Network analysis was conducted to investigate the network structure, central 
symptoms, bridge symptoms, and network stability of these disturbances. Expected influence (EI) was used to measure the centrality 
of index.
Results: Altogether, 1729 clinicians were included in this study. The mean age was 37.1 [standard deviation (SD)=8.04 years], while 
the mean PHQ-9 total score was 8.42 (SD=3.33), mean GAD-7 total score was 6.45 (SD=3.13) and mean ISI total score was 8.23 
(SD=5.26). Of these clinicians, the prevalence of comorbid anxiety symptoms (GAD-7≥5) was 76.8% (95% CI 74.82–78.80%), while 
the prevalence of comorbid insomnia symptoms (ISI≥8) was 43.8% (95% CI: 41.50–46.18%). NA revealed that nodes ISI7 
(“Interference with daytime functioning”) (EI=1.18), ISI4 (“Sleep dissatisfaction”) (EI=1.08) and ISI5 (“Noticeability of sleep 
problem by others”) (EI=1.07) were the most central (influential) symptoms in the network model of comorbid anxiety and insomnia 
symptoms in clinicians. Bridge symptoms included nodes PHQ3 (“Sleep”) (bridge EI=0.55) and PHQ4 (“Fatigue”) (bridge EI=0.49). 
Gender did not significantly influence the network structure, but “having the experience of caring for COVID-19 patients” significantly 
influenced the network structure.
Conclusion: Central symptoms and key bridge symptoms identified in this NA should be targeted in the treatment and preventive 
measures for clinicians suffering from comorbid anxiety, insomnia and depressive symptoms during the late stage of the COVID-19 
pandemic.
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Introduction
Depressive, anxiety and insomnia symptoms were common among clinicians during the Coronavirus disease 
(COVID-19) pandemic1–4 in many countries including China.5,6 For example, a meta-analysis revealed that the 
global prevalence of sleep disturbances was 42.47% (95% CI: 37.95–47.12%),7 anxiety symptoms were 20% (95% 
CI: 15–25%) and depressive symptoms were 22% (95% CI: 18–28%) among healthcare workers during the 
COVID-19 pandemic.8 Previous studies found that comorbid anxiety and insomnia symptoms were common in 
individuals with depression, which were associated with more severe outcomes compared to having depressive 
symptoms alone.9,10 Comorbid sleep problems may also worsen mood symptoms and treatment outcomes in patients 
with depression,11,12 while comorbid anxiety and depression could aggravate insomnia. Further, people at risk for 
insomnia were more likely to suffer from both anxiety and depression.13 However, these studies were done only at 
the disorder or syndrome level based on total scores of standard rating scales, and the relationships between 
individual anxiety, insomnia and depressive symptoms at the symptom level were rarely reported.

Network analysis (NA) is a novel approach to examine the inter-symptom relationships across different syndromes/ 
disorders. The onset and maintenance of symptoms are determined by tracing a path through the network.14 NA has been 
used to examine the most central (influential) depressive and anxiety symptoms in adolescents,15,16 adults17–19 and 
psychiatric samples.20–22 For instance, sad mood, guilt and motor disturbances were identified as the most central 
symptoms in Wuhan residents during the late stage of the COVID-19 pandemic.19 NA may also be used to elucidate 
specific pathways by which psychiatric comorbidities occur.23 For example, one study24 explored comorbid major 
depressive disorder (MDD) and obsessive-compulsive disorder (OCD) and found that certain items such as “Obsessive 
behavior”, “Cognitions”, “Concentration problems”, “Guilt”, and “Sadness” were the bridge symptoms connecting 
disorders. Another NA study on comorbid sleep dysfunction and post-traumatic stress disorder (PTSD) symptoms 
among Filipino domestic workers found that items on “Concentration difficulties”, “Recklessness”, “Inability” and 
“Sleep dysfunction” were bridge symptoms.25 Additionally, NA studies on depressive and anxiety symptoms found 
nodes (“Guilty”), (“Sad mood”), and (“Suicide ideation”) were bridge symptoms in adolescents among China.16 To date, 
no NA studies have examined the relationships between comorbid anxiety and insomnia symptoms in individuals with 
depression.

In the past years, the relationship between comorbid anxiety and depressive has been examined using NA. For example, 
Kaiser et al26 found that “Sad mood” and “Inability to control worry” are the most central symptoms for comorbid 
depression and anxiety disorders. However, considering that the relationship between anxiety and depressive symptoms 
could have been moderated by sleep problems,27 sleep should be addressed in the assessment and treatment of depression 
and anxiety.27 A recent NA (N=226) on the association between anxiety, depression and sleep in patients with generalized 
anxiety disorder (GAD) found that “Anhedonia” was the most central symptom.28 However, the NA study was limited by 
a small sample size. A recent review on NA suggested that a large sample size should be used in future studies.29

Given that psychiatric comorbidities such as anxiety, insomnia and depressive symptoms are common among 
clinicians during the COVID-19 pandemic,1–4 we hypothesized that there would be close inter-relationships between 
certain comorbid anxiety and insomnia symptoms among clinicians. In this study, we examined comorbid of anxiety and 
insomnia among clinicians who suffered from depressive symptoms in China during the late stage of the pandemic using 
NA to understand their inter-relationships.

Methods
Study Design and Settings
This was a cross-sectional study on psychiatric comorbidities in clinicians during the late stage of the COVID-19 
pandemic conducted from October 13 and 22, 2020 in public hospitals at Beijing, China. Due to the COVID-19 
pandemic, face-to-face assessments could not be adopted. Instead, following other studies,30,31 the WeChat-based 
“QuestionnaireStar” program was used in this study. WeChat is a widely used social communication application, with 
more than 1.2 billion active users in China. All clinicians in Beijing needed to regularly report personal health status 
using WeChat during the pandemic; therefore, all participants were presumed to be WeChat users.
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Consecutive sampling was used. All clinicians working in public hospitals in Beijing during the late stage of the 
pandemic were invited by the Beijing Health Authority to participate in this study on a voluntary and anonymous basis. 
A Quick Response code (QR Code) linked to the introduction of this study and the access to the questionnaire was designed 
and adopted. After providing electronic written informed consent, participants could access the data collection form and 
questionnaire by scanning the QR code using their WeChat. To be eligible, participants needed to meet the following 
criteria: 1) aged 18 years or older; 2) had a Patients Health Questionnaire (PHQ-9) total score of 5 and above, indicating 
depressive symptoms;32 3) was able to read and understand Chinese. The study protocol was centrally approved by the 
ethics committee of the Beijing Anding Hospital, Capital Medical University according to the declaration of Helsinki.33

Data Collection and Measures
Severity of depressive symptoms was assessed using the validated Chinese version of the self-report PHQ-9,34,35 with 
each item scored from “0” (not at all) to “3” (nearly every day) and total score ranged from 0 to 27. A PHQ-9 total score 
of “5–9” was considered “having mild depressive symptoms”,32 “10–14” was considered “having moderate depressive 
symptoms”, “15–19” was considered “having moderately-severe depressive symptoms” and “20–27” was considered 
“having severe depressive symptoms” The internal consistency reliability and criterion validity of the Chinese version of 
the PHQ-9 was 0.86 and 0.86, respectively.34,35 Severity of anxiety was measured using the validated Chinese version of 
the self-report Generalized Anxiety Disorder Scale 7-item (GAD-7),36,37 which comprises 7 items with each scoring from 
“0” (not at all) to 3 (nearly every day) and total score ranged from 0 to 21. Those having a total GAD score ≥5 were 
considered “having anxiety symptoms”.36 The internal consistency reliability and criterion validity of the Chinese 
version of the GAD-7 was 0.90 and 0.86, respectively.36,37 The validated Chinese version of the self-report Insomnia 
Severity Index (ISI)38,39 was used to assess severity of insomnia. The ISI consists of seven items scoring from “0” (none) 
to “4” (very severe) with the total score ranged from 0 to 28.40 Those with an ISI total score ≥8 were considered “having 
insomnia symptoms”.40 The internal consistency reliability and criterion validity of the Chinese version of the ISI was 
0.80 and 0.89, respectively.38,39 Quality of life (QOL) was measured with the first two 2 items on global QOL of the self- 
report World Health Organization Quality of Life Scale Brief version (WHOQOL-BREF),41,42 with the total score ranged 
from 2 to 10 and a higher score reflecting a higher QOL. The internal consistency reliability and construct validity of the 
Chinese version of the WHOQOL-BREF was 0.89 and 0.86, respectively.41,42

Statistical Analyses
Network Structure
The network of comorbid anxiety, insomnia and depression was computed using the R software.43 We computed the 
polychoric correlations between all the PHQ-9, GAD-7 and ISI items to investigate the edges of the network, and 
estimated the Graphical Gaussian Model (GGM), a popular network model, with the graphic least absolute shrinkage and 
selection operator (LASSO) and Extended Bayesian Information Criterion (EBIC) model using the R package 
“qgraph”.44 GGM is a pairwise Markov random field (PMRF) model used for interval or ordinal data. The edges in 
the GGM could be interpreted as partial correlation coefficients. The network was visualized using the “qgraph” package, 
where thicker edges represented stronger relationships between nodes. We also estimated the centrality index Expected 
Influence (EI) of nodes to determine which symptoms are more central (influential) in the network.20 EI refers to the 
summed weight of edges shared with the remaining nodes in the network.45 To further assess the accuracy of the index, 
we used the bootstrap method in the “bootnet” package to investigate the stability of the central index ̶ EI using the 
correlation stability coefficient (CS-coefficient). We set the cut-off for CS-coefficient at 0.25 for all the indices, because 
evidence showed that when centralities do not differ from one another, CS-coefficient is mostly below 0.25.44

In addition, we estimated the bridge EI centrality index using the bridge function of the R package 
“networktools”.46,47 Based on previous findings,26,48 bridge EI was the best index in identifying nodes that, if deacti-
vated, could prevent activation spreading from one disorder to another one. Therefore, the network that showed the nodes 
with the highest bridge EI was selected in this study. Further, the predictability of each node was estimated using the 
package “mgm”. Predictability was defined as the variance in a node that could be explained by all other nodes in the 
network.49
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Network Comparison
Following previous studies,6,50 the differences of network characteristics between male and female participants, and 
between those with and without the experience of caring for COVID-19 patients were compared, using the 
R “NetworkComparisonTest” package (Version 2.2.1)51 with 1000 permutations. Differences in network structure (eg, 
distributions of edge weights), global strength (eg, total absolute connectivity among the symptoms), and each specific 
edge between subsamples (ie, females vs males; those with experiences of caring for COVID-19 vs without experiences 
caring for COVID-19) were also examined.

Results
Study Sample
Altogether 1729 clinicians, who fulfilled the study entry criteria and completed the assessment, were included in this 
study. The prevalence of mild depressive symptoms was 80.05%, moderate depressive symptoms was 14.5%, moderately 
severe depressive symptoms was 4.51% and severe depressive symptoms was 1.39%. The mean age was 37.1 [standard 
deviation (SD)=8.04 years], mean PHQ-9 score was 8.42 (SD=3.33), mean GAD-7 score was 6.45 (SD=3.13) and mean 
ISI score was 8.23 (SD=5.26). Of clinicians with depressive symptoms, the prevalence of comorbid anxiety symptoms 
was 76.8% (95% CI 74.82–78.80%) (GAD-7≥5), while prevalence of comorbid insomnia symptoms was 43.8% (95% 
CI: 41.50–46.18%) (ISI≥8) (Table 1).

Network Structure
Figure 1 presents the network structure of comorbid anxiety and insomnia symptoms in clinicians with depressive 
symptoms. The predictability of symptoms is shown as ring-shaped pie charts. The mean predictability was 0.51, 

Table 1 Demographic and Clinical Characteristics of Participants 
(n=1729)

Variables

N (%)

Male gender 371 (21.46)

Occupation type

Doctor 428 (24.75)

Nurse 907 (52.46)

Medical technician 280 (16.19)

Administration staff 114 (6.60)

Experience of caring for COVID-19 patients 987 (57.09)

Mean (SD)

Age (year) 37.1 (8.04)

PHQ-9 total score 8.42 (3.33)

GAD-7 total score 6.45 (3.13)

ISI total score 8.23 (5.26)

WHOQOL-BREF 6.17 (1.45)

Abbreviations: SD, standard deviation; PHQ-9, 9-items Patients Health 
Questionnaire; GAD-7, Generalized Anxiety Disorder Scale 7-item; ISI, Insomnia 
Severity Index; WHOQOL-BREF, World Health Organization Quality of Life Scale 
Brief version.
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indicating that on average 51% of each node’s variance could be accounted for by other nodes. The model showed that 
the edge between GAD7 (“Feeling afraid”) and GAD5 (“Restlessness”) was the strongest positive edge in the anxiety 
community, followed by the edge between GAD2 (“Uncontrollable worry”) and GAD3 (“Excessive worry”), and the 
edge between GAD3 (“Excessive worry”) and GAD4 (“Trouble relaxing”). In the depression community, the edge 
between PHQ7 (“Concentration”) and PHQ9 (“Suicide ideation”) was the strongest connection, followed by the edge 
between nodes PHQ4 (“Fatigue”) and PHQ5 (“Appetite”) and the edge between nodes PHQ6 (“Guilty”) and PHQ9 
(“Suicide ideation”). In the insomnia community, the edge between ISI5 (“Noticeability of sleep problem by others”) and 
ISI6 (“Distress caused by the sleep difficulties”) was the strongest connection, followed by the edge between ISI5 
(“Noticeability of sleep problem by others”) and ISI7 (“Interference with daytime functioning”) and the edge between 
ISI6 (“Distress caused by the sleep difficulties”) and ISI7 (“Interference with daytime functioning”).

In terms of EI, ISI7 (“Interference with daytime functioning”) (EI=1.18) had the highest EI centrality, followed by ISI4 
(“Sleep dissatisfaction”) (EI=1.08) and ISI5 (“Noticeability of sleep problem by others”) (EI=1.07) in the whole network 
(Figure 1), indicating that these three symptoms were important and central for understanding comorbid depression, anxiety 
and insomnia among clinicians. In contrast, several other symptoms were marginal, such as PHQ9 (“Suicide ideation”) 
(EI=0.70), ISI3 (“Early morning wakening problems”) (EI=0.57) and PHQ5 (“Appetite”) (EI=0.56) (Figure 1). In terms of 
bridge EI, PHQ3 (“Sleep”) (bridge EI=0.55) in the depression community was the most key bridge symptom linking 
depression, anxiety and insomnia communities, followed by PHQ4 (“Fatigue”) (bridge EI=0.49) (Figure 2). In the depres-
sion-anxiety -insomnia network, the connection between PHQ3 (“Sleep”) and ISI3 (“Early morning wakening problems”) 
(average edge weight=0.16) was the strongest edge, followed by the connection between PHQ3 (“Sleep”) and ISI4 (“ Sleep 
dissatisfaction”) (average edge weight=0.15), and the connection between PHQ9 (“Suicide ideation”) and GAD7 (“Feeling 
afraid”) (average edge weight=0.14) (Figure 2, Supplementary Tables S1 and S2).

For stability of the network, the centrality of EI had an excellent level of stability (ie, CS-coefficient = 0.75), meaning 
75% of the sample could be dropped and the structure of the network would not significantly change (Figure 3). The 
bootstrap difference test showed that most comparisons between expected influence were statistically significant.

Figure 1 Network structure of depression, anxiety and insomnia in clinicians during the late stage of the COVID-19 pandemic.
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Flow Network of Quality of Life
We found that PHQ4 (“Fatigue”) had the strongest negative association with QOL (average edge weight=−0.15), 
followed by the GAD4 (“Trouble relaxing”) (average edge weight=−0.08) and PHQ5 (“Appetite”) (average edge 
weight=−0.08) (Figure 4).

Figure 2 Network structure of depression, anxiety and insomnia in clinicians only showing bridge connection during the late stage of the COVID-19 pandemic.

Figure 3 The stability of centrality and bridge centrality indices using case-dropping bootstrap.
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The confounding effects of age, gender, and experience of caring for COVID-19 
patients on the network model of comorbid depression, anxiety and insomnia
Previous studies1,52,53 found that gender, age and the experience of caring for COVID-19 patients were significantly 
associated with depression, anxiety and insomnia. Therefore, we examined their potential confounding influence on the 
network model. When comorbid depression-anxiety-insomnia network model and structure indexes were re-estimated after 
controlling for age, gender and the experience of caring for COVID-19 patients, and compared with the original network 
model, there was significant structure change in the expected influence (rs=0.03 [−0.43;0.38]) (Supplementary Figure S1).

Network Comparison Tests for Gender and the Experience of Caring for COVID-19 
Patients
The comparison of network models between female and male clinicians did not show significant differences in network 
global strengths (10.98 in 10.31 female and male participants, respectively; S= 0.67, p=0.131), and edge weights 
(M=0.13, p=0.8; Supplementary Figures S2 and S3). The comparison of network models between those with and 
without the experience of caring for COVID-19 patients revealed significant differences in network global strength 
(the network strength was 11.32 in clinicians with experience of caring for COVID-19 patients and 10.63 in those 
without such experience, respectively; S: 0.67, p=0.022). There were no significant differences in edge weight (M=0.11, 
p=0.793; Supplementary Figures S4 and S5).

Discussion
To the best of our knowledge, this was the first study using network analysis that explored comorbid anxiety and 
insomnia among clinicians with depressive symptoms during the late stage of the COVID-19 pandemic. Overall, ISI7 
(“Interference with daytime functioning”), ISI4 (“Sleep dissatisfaction”) and ISI5 (“Noticeability of sleep problem by 

Figure 4 Flow network of quality of life.
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others”) were the most influential symptoms in the whole network, while bridge symptoms included PHQ3 (“Sleep”) and 
PHQ4 (“Fatigue”).

This NA revealed that “Interference with daytime functioning” (eg, fatigue/malaise, daytime sleepiness, mood 
disturbance/irritability, motivation/energy initiative reduction and attention/concentration/memory impairment) was one 
of the core symptoms in the whole model. A previous study found that development of depression was usually associated 
with stable, self-reinforcing and maladaptive negative schemata, dysfunctional attitudes, attributional styles, and negative 
expectations. These factors could contribute to the emergence of typical depressive thinking processes such as negative 
automatic thoughts and impairment in daytime function.54 Neurobehavioral studies found that impairment in daytime 
function may be partly due to altered functioning of the pre-frontal cortex, including reduced orbitofrontal volume, 
hypometabolism in the prefrontal cortex during wake, and hypoactivation in the prefrontal (and medial) areas.55,56 These 
findings could largely account for the important role of “Interference with daytime functioning” on the whole model. 
Considering that clinicians needed to concentrate on their daily clinical work, treatments targeting impaired daytime 
function among clinicians with comorbid anxiety, insomnia and depression would be important.

“Sleep dissatification”, that involve sleep initiation, sleep maintenance, sleep quantity, and refreshment upon 
awakening,57 was also the core symptom in this NA network. Poor sleep quality and insufficient sleep were common 
among clinicians during the COVID-19 pandemics,1 and might result from high clinical pressure, irregular work schedule, 
frequent work shifts and fear of pandemic, which could lead to sleep dissatisfaction.1,58 In addition, “Noticeability of sleep 
problems by others” was another central symptom. In persons with depression, the latency to fall asleep was often 
prolonged; frequent awakenings at night often led to fragmented sleep and low sleep efficiency.59 The negative impacts 
of sleep problems (such as physical and mental health problems, and impaired cognitive and occupational functioning60) 
were likely to be observed by others.

The node “Sleep” was the most important bridge symptom in network model, which is consistent with the previous 
findings that sleep disturbances are bidirectionally related to anxiety and depression in adolescents, adults and the 
elderly.10 “Fatigue” was another bridge symptom in this NA model, which supports previous findings.61 The association 
of fatigue with anxiety, insomnia and depression might be due to the fact that fatigue was associated with dysregulation 
among the diffuse cortical projections of norepinephrine (NE), dopamine, acetylcholine, and histamine systems,62 

whereas perception of fatigue could be also modulated by noradrenergic descending fibers.63 QOL is 
a multidimensional concept that measures one’s overall wellbeing, involving physical and mental health aspects. 
Previous studies found that the QOL was negatively associated with “Fatigue” and “Trouble relaxing” in patients with 
depression,28,64 which was confirmed in this study. We found that edges between QOL and “Fatigue”, and between QOL 
and “Trouble relaxing” were the two strongest connections in clinicians.

Considering that anxiety, depressive and insomnia symptoms are common among clinicians during the COVID-19 
pandemic,65,66 appropriate strategies, such as emotional and mental health support (eg, psychological counseling hotlines or tele- 
health), are important to minimize the risk of these problems. Timely screening of comorbid psychiatric symptoms, such as 
depressive, anxiety and insomnia symptoms, could be performed using certain electronic applications, such as WeChat-based 
standard measures on psychiatric symptoms, for clinicians during the pandemic.67–70 Cognitive behavioral therapy of insomnia 
(CBT-i)71 could be used as the first-line treatment for insomnia symptoms.71 In addition, other preventive interventions72–75 

could reduce the risk of psychiatric comorbidities of health professionals during the pandemic such as provision of financial and 
material supports, education on stress control, and online counseling services (eg, 24-h hotlines). Importantly, the identified 
central and bridge symptoms in the current network model could be targeted in the treatment and preventive strategies for 
clinicians in need during the COVID-19 pandemic.

The strengths of this study included the large sample size and the use of network analysis to examine the comorbid anxiety and 
insomnia symptoms among clinicians with depressive symptoms. Several limitations should also be noted. This was a cross- 
sectional study using undirected network analysis; hence, the causality and dynamic changes between individual symptoms could 
not be inferred. However, the “snapshot” of the depression-anxiety-insomnia network provided a foundation for more costly, time- 
consuming longitudinal studies in the future. Additionally, this study focused on clinicians with depressive symptoms, therefore 
the findings could not be generalized to clinicians without depressive symptoms. Finally, for logistical reasons and the risk of 
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contagion during the pandemic, only self-reported measures on anxiety, insomnia and depressive symptoms were used in this 
study, which might cause recall bias.

In conclusion, central symptoms (eg, “Interference with daytime functioning”, “Sleep dissatisfaction”, “Noticeability of sleep 
problem by others”) and key bridge symptoms (eg, “Sleep” and “Fatigue”) identified in this NA study could be important targets 
for interventions and preventive measures for comorbid anxiety and insomnia symptoms among clinicians with depressive 
symptoms during the pandemic. Further research should focus on developing appropriate interventions (eg, shorter shift duties 
and online clinician counselling platforms) that focus on the central and bridge symptoms among clinicians in need.
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