
Journal of the Academy of Consultation-Liaison Psychiatry 2023:64:492–500
Original Research Article
ª 2023 Academy of Consultation-Liaison Psychiatry. Published by Elsevier Inc. All rights reserved.
492
Identifying the Bridge Between Anxiety Response
to COVID-19 and Depression Symptoms in
General Population: A Network Analysis
Eun Jung Cha, M.A., Sooyeon Suh, Ph.D., Hong Jun Jeon, M.D.,1

Seockhoon Chung, M.D., Ph.D.1
Background: Previous studies have suggested links
between anxiety response to the novel coronavirus
(COVID-19) and depression symptoms in general
population. However, a symptom-level investigation has
not been reported. Objective: This study aimed to use
network analysis to identify central symptoms and bridge
symptoms that link COVID-19 anxiety and depression.
Methods: Data from 1788 participants were analyzed.
Coronavirus anxiety and depression symptoms were
measured using the Stress and Anxiety to Viral
Epidemics-6 Items Scale and the Patient Health
Questionnaire-9, respectively. Network analysis was
performed using R. Results: The results revealed
‘thoughts of suicide or self-harm’ from Patient Health
Questionnaire-9 and ‘worry about others avoiding me’
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from Stress and Anxiety to Viral Epidemics-6 Items
Scale as bridge symptoms. Findings suggest direct rela-
tionship between fear of social isolation and thoughts of
suicide or self-harm. ‘Feeling tired with little energy’ and
‘trouble concentrating’ are strongly linked to ‘thoughts of
suicide or self-harm’, suggesting these symptoms as risk
factors for suicidal or self-injurious thoughts during the
pandemic. Conclusions: The findings suggest fear of so-
cial isolation as a risk factor for developing thoughts of
suicide or self-harm. These results should be taken into
account during evaluation of risk of suicide or mental
health interventions for the pandemic.
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INTRODUCTION

The novel coronavirus (COVID-19) began to spread in
early 2020, causing numerous public health issues,
among which includes mental health problems. Aside
from COVID-19, worsening of psychological health
has also been reported from previous epidemics such as
the Middle East respiratory syndrome and severe acute
respiratory syndrome.1,2 Commonly reported psycho-
logical responses to COVID-19 and its spread include
depression, anxiety, phobia, and insomnia.3 A meta-
analysis reported the prevalence of anxiety and
depression during the COVID-19 pandemic to be 31.9
and 33.7%, respectively.4 Increased development of
psychological symptoms during virus outbreak were
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reported in a variety of population, including children
and adolescents,5 elderly,6 and healthcare workers.7

Among various psychological consequence of the viral
epidemic, depression carries important clinical signifi-
cances. It is one of the leading causes of disability and
increases risk of developing chronic medical illnesses
such as diabetes, hypertension, and cerebrovascular
diseases.8 Depression is also associated with worse
status of overall health when comorbid with chronic
diseases9 and poorer quality of life in patients with
chronic diseases.10 More importantly, it has been
consistently reported that depression increases mortal-
ity in the general population and clinical samples.11,12

Research has identified various factors that cause
an increase in depression symptoms during viral
pandemic. Gender, marital status, financial worries,
and personality traits have been reported as an indi-
vidual factor.13–15 Others directly related to the disease
include worries about stigmatization, infection, isola-
tion, and job security.14 Numerous studies have re-
ported the link between depression and anxiety about
the viral pandemic on a general level. For example, one
study has revealed a significant association between
worry about COVID-19 and psychological distress,
including anxiety and depression.16 Another study has
revealed positive correlations of trait health anxiety
with anxiety and depression.17 However, despite
various reports, no study has investigated how
pandemic-related worries and depression are associated
at a symptom level. Examining the symptom-level as-
sociation helps clarify their link, providing insight into
how pandemic-related worries cause depression.
Furthermore, it also allows us to identify target symp-
toms of effective psychological intervention for pre-
venting development of clinical depression.

Network analysis is a novel statistical analysis
method that is currently widely used to analyze psychi-
atric disorders and their symptoms and is a suitable
method for analysis of symptom interactions. Network
analysis provides rich information regarding the extent
of effect exerted by certain symptoms within the
network. Node centrality indices, for example, enable
identification of significant symptoms with respect to
their statistical characteristics. Centrality indices include
strength, closeness, and betweenness. Strength centrality
identifies how strongly a node is related to its adjacent
nodes; closeness centrality identifies a node’s average
distance to other nodes; and betweenness centrality
identifies how frequently a node lies on the connection
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between two nodes.18 Centrality indices are unique tools
that can be used to support interpretation of the resulting
network. Centrality indices are distinctive indices that
can make network analysis a valuable tool even in clin-
ical practice. For example, one study has successfully
developed and implemented personalized network-
based treatments based on the most central features
present in one’s eating disorder.19 Therefore, network
analysis can offer valuable insights that otherwise cannot
be obtained using methods such as linear regression.

In addition, using network analysis, recent literature
has enabled the identification of symptoms that bridge
different groups of symptoms. For example, certain
depression symptoms may have stronger connections
with COVID-19-related worries than others and can be
identified as bridge symptoms. Similar to centrality
indices, bridge nodes can be characterized using bridge
centrality.20 Bridge centrality, coined by Jones et al.
(2021), is defined in the same regard as node centrality
but within a context of symptom group. Bridge centrality
is particularly effective in comorbidity research investi-
gating specific symptoms that play a central role in the
intertwining of symptom communities. Identification of
bridge centrality helps identify symptoms that are
particularly more influential than others within a
network and helps provide a nuanced understanding. As
such, bridge symptoms may help provide insight into
underlying mechanisms and contribute to development
of theories and interventions.

The purpose of this study is to employ network
analysis and bridge analysis to investigate the network
structure and bridge symptoms of depression and
COVID-19-related worries. This will provide insight
into how depression symptoms and COVID-19 worries
are related on a symptom level, detailing how specific
symptoms are involved in the intertwinement. Based on
previous studies, we hypothesized that overall, signifi-
cant correlations between worry about COVID-19 and
depression symptoms would emerge,16,17 with items
linked to social stigmatization and isolation (e.g.,
“worry about others avoiding me”) to have a high
bridge centrality values.14

MATERIALS AND METHODS

Study Design and Participants

This is a cross sectional study using an online survey
that was conducted to explore the association between
Psychiatry 64:6, November/December 2023 493
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viral anxiety and depression in COVID-19 among the
general population in South Korea. It was conducted
via an anonymous online survey system of the profes-
sional research company, EMBRAIN (www.embrain.
com). We collected 1009 (study 1 from January
14–20, 2021), 400 (study 2 from November 9–15, 2021),
and 400 (study 3 from January 10–18, 2022) participants
(total 1809) from the 14 million general population
panels registered in the survey company. Participants
voluntarily participated in this study by answering yes to
the question, “Do you voluntarily participate in this
survey, and do you agree to use your responses for
research purpose?” before they started the survey.
Twenty-one participants who indicated that they had
been infected with COVID-19 were excluded from the
analysis to improve homogeneity of participants and
generalizability of the results to an uninfected general
population.As a result, data from1788 participants were
used for analysis. All participants completed the Stress
and Anxiety to Viral Epidemics-6 Items Scale (SAVE-6)
and Patient Health Questionnaire-9 (PHQ-9). The e-
survey forms were developed according to the Checklist
for Reporting Results of Internet e-Surveys guidelines,21

and investigators (S.C. and S.S.) checked usability and
technical functionality of the e-surveys before imple-
mentation. The survey company delivered the data to
investigators after excluding identifiable information.

The protocols of the studies were approved by the
Institutional Review Board of Sungshin Women’s
University, Seoul, South Korea (study 1: SSWUIRB-
2020-040) and Asan Medical Center, Seoul, South
Korea (study 2: 2021–1490, study 3: 2021–1755), and
obtaining written informed consent was waived.
Finally, the protocol for analyzing the data combined
of three dataset was approved by the Institutional Re-
view Board of Asan Medical Center (S2022-0741).
Measures

The Stress and Anxiety to Viral Epidemics-6 Items
Scale (SAVE-6)

The SAVE-6 scale is a self-report scale consisting of
six items that measure anxiety about viral epidemics. It
is derived from the SAVE-9 scale, which includes anx-
iety about viral epidemic as well as additional three
items measuring work-related stress among healthcare
workers about the viral epidemic.22 All items are rated
on a five-point Likert scale, ranging from 0 (never) to 4
(always). Higher scores indicate higher anxiety
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experienced due to viral epidemic. The SAVE-6 scale
has been validated on the general population in many
countries, showing good internal consistencies.22–25 The
internal consistency from the current study was 0.82.

Patient Health Questionnaire-9 (PHQ-9)

The PHQ-9 scale measures levels of depression based
on individual symptoms. It consists of nine items, each
measuring a symptom of depression, such as loss of
interest and suicidal thoughts. Each item is rated on a
4-point Likert scale, ranging from 0 (not at all) to 3
(nearly every day). Higher scores reflect higher symp-
tom severity. This study used a Korean-validated
version of the PHQ-9, where its internal consistency
was reported to be 0.86.26 The internal consistency
from the current study was 0.89.

Statistical Analysis

Network Estimation

Basic descriptive statistics such as gender ratio, means
and standard deviations of age, SAVE-6, and PHQ-9
were calculated using IBM SPSS Statistics for Win-
dows, Version 27.0 (IBM Corp, Armonk, N.Y., USA).

Network analysis was conducted using the qgraph
package in R.27 Each item, corresponding to a single
symptom, was regarded as a node in the network. As a
result, the network contained 15 total nodes. As each
symptom was rated on an ordinal scale, polychoric
correlations between item ratings were computed as
edges to construct the network. Partial correlation co-
efficients near 0 were excluded from the network using
the graphic least absolute shrinkage and selection
operator estimator.

Centrality indices of strength, closeness, and
betweenness were calculated for each node. To assess
the stability, correlation stability coefficients (CS-co-
efficients) were calculated for each centrality index us-
ing bootstrap methods implemented by bootnet
package.28 The CS-coefficient is obtained by first
calculating correlations between the original centrality
index value and centrality index of subsets obtained via
bootstrapping. Then, given a condition where this
correlation is 0.7 or higher, CS-coefficient is the
maximum proportion of samples that can be dropped
to retain the correlation at a 95% probability. A
simulation study suggests that interpretation of the
centrality index should be done for CS-coefficients at
Psychiatry 64:6, November/December 2023
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TABLE 1. Descriptive Information of Gender, Age, COVID-19
Questions, SAVE-6, and Demographic and Clinical
Characteristics of the Sample (N=1788)

Variable Value

Gender
Males (%) 911 (51.0%)
Females (%) 877 (49.0%)
Mean age (SD) 43.84 (12.90)
Below 20 (%) 11 (0.6%)
20 to 29 (%) 330 (18.5%)
30 to 39 (%) 341 (19.1%)
40 to 49 (%) 415 (23.2%)
Above 50 (%) 691 (38.6%)

COVID-19 questions
Did you experience being quarantined

for having been infected with
COVID-19? (Yes)

178 (10.0%)

SAVE-6 mean (SD) 14.62 (4.54)
PHQ-9 mean (SD) 5.92 (5.25)

SD = standard deviation.
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least above 0.25.28 In addition, each edge was boot-
strapped with 1000 samples to determine their accu-
racies. Bootstrapped difference tests were performed to
compare each edge weight against others. Significant
differences would indicate the edge weight of the
particular is significantly stronger than others. These
results were summarized into a single figure using the
plot function to provide an overall image reference as to
which edge weight significantly differs from the other.

Bridge Centrality

Bridge centrality indices, bridge strength, bridge close-
ness, and bridge betweenness were computed using the
bridge function from the package, networktools.20,29

Bridge strength of a node is defined as the sum of its
connections to adjacent nodes in another symptom
group. For this study, the bridge strength of a depres-
sion symptom is the sum of its connections to nodes of
COVID-19-related worries. Bridge closeness is the
average distance of a node to nodes in another symp-
tom group. For this study, bridge closeness of a
depression symptom is its average distance to nodes of
COVID-19-related worries. Bridge betweenness is how
frequently a node lies on the shortest path between two
nodes, where each of these two nodes are from different
symptom groups (i.e., depression symptoms and
COVID-19-related worries).20 Similar to centrality
indices, their CS-coefficients were calculated using
bootnet to determine their interpretability.

RESULTS

Descriptive Statistics

Gender proportions, means, and standard deviations of
age, SAVE-6, and PHQ-9 are listed in Table 1. There
were similar number of men and women and the mean
age was 43.84 years. The mean score of SAVE-6 and
PHQ-9 were 14.62 and 5.92, respectively.

Network Estimation

The overall network consisting of SAVE-6 and PHQ-9
items is illustrated in Figure 1. CS-coefficients for cen-
tralities of strength, closeness, and betweenness were
0.67, 0.13, and 0.05, respectively. As such, only strength
centrality, a measure of how strong a node is associated
with its adjacent nodes, was interpreted.28 Figure 2A
depicts strength of each node. In particular, PHQ2,
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PHQ9, and SAVE2 had the largest strength values
among others. In addition, the results for bootstrapped
difference tests for edges are illustrated in Figure 3. As
can be seen, most edges connecting nodes within the
same scale are significantly different from others. Some
of the first few edges are PHQ1—PHQ2, SAVE1—
SAVE2, PHQ8—PHQ9, and PHQ3—PHQ4, visible
via an abundant number of black-colored squares,
indicating a significant difference between the edge in
comparison. Of note, the first interscale edge that ap-
pears to be significantly stronger than others is
SAVE5—PHQ9.
Bridge Centrality

As for bridge centralities, only bridge betweenness
reached an appropriate CS-coefficient value of 0.28. As
such, only bridge-betweenness was interpreted. Bridge
betweenness is an index of how frequently a node ap-
pears in an intercommunity link from one node to
another,20 and a symptom with high bridge between-
ness index is considered crucial when explaining the
link from one symptom community to another.
Figure 2B shows that two items, item 9 from PHQ-9
(PHQ9) and item 5 from SAVE-6 (SAVE5), had the
largest bridge betweenness. This indicates that when
two nodes from different symptom communities are
connected, PHQ9 or SAVE5 occur the most within the
connections.
Psychiatry 64:6, November/December 2023 495



FIGURE 1. Estimated Network of SAVE-6 and PHQ-9

Orange nodes indicate SAVE-6 items, and blue nodes indicate PHQ-9 items. Lines connecting the nodes are edges. Line thickness and gradient
correspond to edge-weights. Green lines indicate positive correlations, and red lines indicate negative correlations.

Anxiety Response to COVID-19 and Depression
DISCUSSION

This study employed network analysis on depression
symptoms and COVID-19 worries measured by PHQ-9
and SAVE-6 in an uninfected general population. Bridge
symptoms were identified using bridge analysis. The
main results are as follows. First, ‘thoughts of suicide or
self-harm’ (PHQ9) had highest bridge betweenness
value, suggesting that this symptom is a central symp-
tom in the relationship between COVID-19-related
worries and depression symptoms. Similarly, ‘worry
about others avoiding me after risk of infection has been
minimized’ (SAVE5) also had a high bridge betweenness
value. In addition, the edge connecting PHQ9 and
SAVE5 had the strongest edge weight among inter-
community edges. Finally, high strength centralities
were observed for PHQ-9 items, where ‘thoughts of
suicide or self-harm’were strongly linked to ‘feeling tired
with little energy’ (PHQ6) and ‘trouble concentrating’
(PHQ8). Some implications about the current pandemic
situation and psychopathology are discussed.

A main finding of this study is high bridge
betweenness of ‘thoughts of suicide/self-harm’. High
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bridge betweenness indicates that thoughts of suicide/
self-harm play significant role in funneling depression
symptoms from COVID-related worries. This result is
in line with studies reporting associations between
COVID-19 pandemic and increased risk of thoughts of
suicide/self-harm.30,31 Such association was also
observed in previous cases of epidemics. For example,
increased suicide rates have been observed during post–
severe acute respiratory syndrome and post–Middle
East respiratory syndrome period.32,33 It is also notable
that aside other major symptoms of depression such as
‘feeling down, depressed, and hopeless’ (PHQ1), and
‘loss of interest’ (PHQ2), suicidal/self-injurious thoughts
were revealed as the bridge symptom to COVID-19
worries. Together, these results imply that instead of
having severe depression symptoms as mediators,
thoughts of suicide/self-harm may be a direct psycho-
logical response to the pandemic. This emphasizes the
need to examine the mechanism of how COVID-19-
related worries may affect thoughts of suicide/self-
harm. For example, suicidal thoughts can be directly
derived from the fear of consequence of viral infection,
which can be exaggerated by inadequate health
Psychiatry 64:6, November/December 2023



FIGURE 2. Strength and Bridge Betweenness Centralities of SAVE-6 and PHQ-9 items

(A) illustrates values for strength centrality, and (B) illustrates bridge betweenness centrality. Items are listed in a descending order from top to
bottom, from nodes with largest centrality value to smallest centrality value. All values are standardized.
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information. It has also been reported that some in-
dividuals have shown suicidal thoughts from experi-
encing fear from insecurity caused by the pandemic, or
being forced to stay home with problematic family is-
sues.34 Longitudinal studies may be helpful to examine
the detailed mechanism of how COVID-19 worries may
lead to thoughts about suicide/self-harm. However, it
should also be noted that there is a possibility that in-
dividuals who exhibit thoughts of suicide/self-harm due
to severe depression may also be more susceptible to
experiencing more COVID-19-related worries, thus
leading to high bridge-betweenness. To this end, research
may be conducted on how the impact of pandemic or
epidemicmay differ on individuals withmental disorders
and healthy individuals.

In addition, ‘worry about others avoiding me after
risk of infection has been minimized’ (SAVE5) also
emerged as a node with high bridge betweenness. Prior
to interpretation, it is important to note that this item
connotes fear for continuation of social isolation even
after the pandemic has been controlled. It is interesting
that this node showed increased association with
Journal of the Academy of Consultation-Liaison
depression symptoms rather than those directly asso-
ciated with one’s health, such as fear of infection or loss
of health. This is in contrast with a study using clinical
sample, where health worries were associated with
psychopathology symptoms.35 However, in our sample
of uninfected general population, health worry ‘afraid
of worsening health because of virus’ (SAVE2) was a
central symptom only within the SAVE-6 community,
as evidenced by its high strength centrality and edge-
weights (Figure 3). Instead, social worry (SAVE5)
emerged as a bridge symptom with depression symp-
toms. This result is significant, because it suggests that
in an uninfected population, fear of social isolation,
regardless of the pandemic being under control, can
contribute to increased thoughts of suicide/self-harm as
well as other depression symptoms. To this regard,
recent studies have reported that loneliness and isola-
tion caused by COVID-19-related restrictions are
linked to thoughts of suicide/self-harm.30,36 This adds
to the growing body of studies on risk factors for
suicidal/self-injurious thoughts as a result of pandemic
measures. Understanding the COVID-19-related risk
Psychiatry 64:6, November/December 2023 497



FIGURE 3. Results for Bootstrapped Difference Tests of First 32
Edges, Ordered by Weight

Black boxes indicate edges that significantly differ from the other, and
gray boxes indicate otherwise. Diagonal boxes indicate strength and
direction of the focal edge. Blue boxes are positive, while red boxes are
negative. Edges are listed in a descending order from positive to
negative values. For ease of understanding, only the first 32 edges are
listed. The full figure can be accessed via Supplementary Material 1.
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factors of suicide and self-harm may facilitate setting
intervention targets for those with declined mental
health during pandemic times. Our result suggests that
fear of social isolation is a serious issue that needs to be
addressed, especially for population at risk, such as
financially strained individuals.30 In addition, these
findings can be utilized to help develop strategies to
prevent disease transmission while reducing social
isolation during future outbreaks of another epidemic
or pandemic. One possible example could be to estab-
lish online social supports to help individuals in home
quarantine feel less socially isolated.37 To this regard,
future studies could assess whether providing social
support services or encouragement of online commu-
nication during isolation results in decrease in depres-
sion incidence.

Thoughts of suicide/self-harm appeared to play a
significant role within the depression symptom com-
munity. This can be inferred by its high strength due to
strong links between other depression symptoms illus-
trated in Figure 3, such as ‘trouble concentrating’
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(PHQ8) and ‘feeling tired with little energy’ (PHQ6). It
should be noted that previous studies have reported core
symptoms of depression, such as ‘feeling down,
depressed, and hopeless’ (PHQ1), and ‘loss of interest’
(PHQ2) to be predictors of suicidal thoughts,38,39 which
differs with our results. The difference can be attributed
to the target sample of the studies, as this study sampled
general population, whereas the aforementioned studies
were conducted on clinically depressed samples. It could
also possibly be because of the added COVID-19
context. Indeed, one study reported energy loss to be
a central depression symptom in the general population
during COVID-19 pandemic, which supports our find-
ings.40 In addition, functional impairments (e.g., work
functioning impairment) caused by COVID-19 anxiety
may also contribute to lack of energy and concentration
difficulties.41 These results suggest ‘feeling tired with
little energy’, and ‘trouble concentrating’ are risk fac-
tors to be considered when evaluating suicidal/self-
injurious thoughts during the pandemic.

The limitations of this study are as follows. First,
this study employed a nondirected network on cross-
sectional data. Therefore, associations between nodes
can be bidirectional, which widens possible number of
interpretations. To address this issue, directed networks
can be constructed using longitudinal data in future
studies to determine the causal direction of symptoms.
Second, this study was conducted on Korean partici-
pants, limiting generalizability of results in other
countries with different cultural backgrounds. Collec-
tivistic cultures tend to value belongingness, which
could have possibly contributed to the result linking
‘worry about others avoiding me’ and depression
symptoms. Third, it should be noted that our network
showed an overall modest link between depression
symptoms and COVID-19-related worries. This may be
because our study was not conducted on a clinical
sample. To this end, future studies may yield mean-
ingful results when conducted on a clinically depressed
sample. In addition, it should be emphasized that the
results should be accepted with caution, as the meth-
odology of using psychometric networks have yet been
rigorously tested to support its robustness and reli-
ability.42 Finally, while COVID-19 tests were per-
formed rigorously, it should be noted that there is a
possibility of asymptomatic COVID-19 infections
among some participants. As research has suggested
evidence of physiologically produced mood symptoms
due to COVID-19 such as depression,43 the possibility
Psychiatry 64:6, November/December 2023
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that undetected COVID-19 may have influenced re-
ports of depression symptoms among the participants
should be considered.

CONCLUSION

Despite the limitations, the findings from this study are
significant for the following reasons. We revealed that
suicidal/self-injurious thoughts and fear of social
isolation bridged depression symptoms and COVID-
19-related worries in an uninfected general population.
These results encourage investigation of how COVID-
19-related worries may affect thoughts of suicide/self-
harm. In addition, it also highlights the significance of
fear of social isolation as a risk factor for depression
symptoms in a nonclinical population. Next, risk fac-
tors for suicidal/self-injurious thoughts during the cur-
rent pandemic situation were identified. In sum, our
findings contribute to expansion of understanding risk
factors associated with thoughts of suicide/self-harm
during the pandemic. The results suggest that fear of
social isolation should be thoroughly considered when
Journal of the Academy of Consultation-Liaison
evaluating mental health, even after COVID-19 risk
has been minimized.
SUPPLEMENTARY DATA
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