& frontiers | Frontiers in Public Health

@ Check for updates

OPEN ACCESS

EDITED BY
Samia Tasnim,
Texas A&M University, United States

REVIEWED BY
André Luiz Monezi Andrade,
Pontifical Catholic University of
Campinas, Brazil

William Sulis,

McMaster University, Canada

*CORRESPONDENCE

Lei Ren
rl_fmmu@i163.com
Lingzhi Wang
374734057@qg.com
Zhengzhi Feng
fzz@tmmu.edu.cn

"These authors have contributed
equally to this work and share first
authorship

SPECIALTY SECTION

This article was submitted to
Public Mental Health,

a section of the journal
Frontiers in Public Health

RECEIVED 06 September 2022
ACCEPTED 26 October 2022
PUBLISHED 17 November 2022

CITATION

Li K, Luo K, Zhan X, Liu C, Li L, Luo X,
Ren L, Wang L and Feng Z (2022)
Adjusting intervention strategies for
mental health of COVID-19 patients: A
network analysis based on a survey in
Omicron-infected patients.

Front. Public Health 10:1038296.

doi: 10.3389/fpubh.2022.1038296

COPYRIGHT

© 2022 Li, Luo, Zhan, Liu, Li, Luo, Ren,
Wang and Feng. This is an
open-access article distributed under
the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the
original author(s) and the copyright
owner(s) are credited and that the
original publication in this journal is
cited, in accordance with accepted
academic practice. No use, distribution
or reproduction is permitted which
does not comply with these terms.

Frontiersin Public Health

TvPE Original Research
PUBLISHED 17 November 2022
pol 10.3389/fpubh.2022.1038296

Adjusting intervention strategies
for mental health of COVID-19
patients: A network analysis
based on a survey in
Omicron-infected patients

Kuiliang Li"", Keyong Luo?, Xiaoqing Zhan®', Chang Liu*,

Ling Li°, Xi Luo®, Lei Ren®*, Lingzhi Wang’* and

Zhengzhi Feng'*

1School of Psychology, Army Medical University, Chongging, China, 2Department of Psychiatry, The
980th Hospital of PLA Joint Logistics Support Force, Shijiazhuang, China, *Department of Medical
English, College of Basic Medicine, Army Medical University, Chongging, China, *BrainPark, Turner
Institute for Brain and Mental Health and School of Psychological Sciences, Monash University,
Clayton, VIC, Australia, °College of General Education, Chong Qing Water Resources and Electric

Engineering College, Chongging, China, *Department of Psychology, Fourth Military Medical
University, Xi'an, China, ’Sichuan Shun Dao Law Firm, Chengdu, China

Background: The COVID-19 pandemic had a major impact on people’s mental
health. As the SAS-Cov-2 evolves to become less virulent, the number of
asymptomatic patients increases. It remains unclear if the mild symptoms are
associated with mild perceived stress and mental illness, and the interventions
to improve the mental health of the patients are rarely reported.

Methods: This cross-sectional study investigated the level of depression,
anxiety and perceived stress of 1,305 COVID-19 patients who received
treatment in the Fangcang shelter hospitals in Shanghai, China. Network
analysis was used to explore the relationship among depression, anxiety and
perceived stress.

Results: The prevalence of depression, anxiety and perceived stress in the
patients with Omicron infection were 9.03, 4.60, and 17.03%, respectively,
lower than the prevalence reported during the initial outbreak of COVID-19.
“Restlessness (A5),” “Uncontrollable worry (A2),” “Trouble relaxing (A4)" and
“Fatigue (D4)" had the highest expected influence values. “Irritability (A6)” and
“Uncontrollable (S1)" were bridge symptoms in the network. Comparative
analysis of the network identified differences in the network structures

between symptomatic and asymptomatic patients.

’

Conclusion: This study investigated the prevalence of depression, anxiety and
perceived stress and the correlation among them in Omicron-infected patients
in Fangcang shelter hospital, in Shanghai, China. The core symptoms identified
in the study provide insight into targeted clinical prevention and intervention
of mental health in non-severe Omicron-infected patients.

KEYWORDS

network analysis, COVID-19, depression, anxiety, perceived stress, patients infected
with Omicron
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Introduction

Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2) has infected more than 500 million people
worldwide in over 200 countries since it was detected in
December 2019 in Wuhan, China, causing more than 6
million deaths (1). At present, a variety of mutant strains
of this highly infectious virus have developed, and one
of the most prevalent strains is Omicron variant. Since
Omicron variant (B.1.1.529) was detected and reported
in South Africa in November 2021, it has gradually
become the dominant strain sweeping the world (2).
Recently, a epidemic of Omicron infection broke out in
Shanghai, China, infecting about 600,000 people in just a few
months (3).

During the COVID-19 pandemic, its associated mental
health problems have attracted widespread attention, and the
most frequently reported are depression and anxiety (4). In the
first year of the outbreak, their prevalence was increased by
about 25%, respectively (5).

A previous cross-sectional survey in 2020 in Iran showed
that the depression and anxiety levels of COVID-19 patients
were as high as 54.29 and 97.29% respectively, and 46.61%
reported severe perceived stress (6). The study in Wuhan, China
also showed that 44.9 and 24.9% of patients with moderate
COVID-19 infection had clinically significant depression and
anxiety symptoms respectively (7). Moreover, the depression
and anxiety levels of COVID-19 inpatients were higher than
those of outpatients. Patients with smell and taste loss had higher
anxiety and depression scores both 1 week and 1 month after
diagnosis (8).

With the evolution of the virus strain, the symptoms
caused by infection alleviated gradually. The longitudinal data
analysis of seven European countries showed that, with the
development of the epidemic, the prevalence of depressive
symptoms decreased by 2.8% and that of anxiety symptoms
decreased by 3.6% during the sixth epidemic Wave in April
2021 compared with those in the fourth epidemic wave in
November 2020 (9). The reported case fatality rate of Alpha
strain broke out in September 2020 in UK remained 1.1%
from February to August in 2021, while that of the Delta
strain broke out in October 2020 was 0.3%. The risk of serious
consequences in patients infected with Omicron variant was
much lower than that of Delta variant (10). The patients
infected with Omicron mainly experienced symptoms of muscle
pain, fatigue and mild cough, while many infections are
asymptomatic. Patients with severe infections may receive
escalated treatment (e.g., mechanical ventilation or invasive
mechanical ventilation), and reported higher levels of depression
and anxiety (11), suggesting that severe symptoms may be
associated with higher levels of depression and anxiety, and
vice versa.
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Therefore, although the new variant strain is more
infectious, the symptoms caused by the infection are mild,
and with the widespread vaccination and advanced treatment,
the mortality is reduced. These evidences suggest that with
the variation of SARS-CoV-2 strains, the psychological
impact of the epidemic is gradually decreasing. However,
the reports on the mental health status of patients infected
with Omicron in Shanghai, China are rare. Therefore, we
aim to explore the relation among depression, anxiety
in COVID-19
patients who received treatment in Shanghai Fangcang

symptoms and perceived stress levels
shelter hospital.

Network analysis can be adopted to detect the symptom-
to-symptom relationships, and the network model is useful
to assess the importance of each symptom in a disorder
(12-14). Currently, it is widely used to study the association
between depression and anxiety in different populations during
COVID-19 epidemic (13-17). As far as we know, few studies
have adopted network analysis to explore the relationship
between depression and anxiety symptoms in COVID-19
patients, especially when the number of asymptomatic patients
is increased. The current study is focused on the COVID-19
patients with mild physical symptoms after Omicron infection.
We hypothesized that compared with patients infected with
previous strains (Delta strains etc.), the Omicron-infected
patients, especially asymptomatic ones, have lower levels of
anxiety, depression and perceived stress, and that possible
changes exist in the structure of their networks. To test
this hypothesis, we used network analysis to explore the
relation between depression and anxiety symptoms in Omicron-
infected patients. The following questions were asked: (1)
Is the mental health level of the Omicron-infected patients
lower that of the patients infected with other strains? (2)
What are the most important symptoms in the network of
depression, anxiety and perceived stress? (3) Which symptoms
are the bridges between depression, anxiety and perceived stress
networks? (4) Are there any network differences in gender, age,
duration of symptoms and between the presence or absence
of symptoms?

Methods

Ethics statement

This study has been reviewed and approved by the Medical
Ethics Committee of the Department of Psychiatry, The
980th Hospital of PLA Joint Logistics Support Force (Project
N0.20200239). Participants provided verbal informed consent
before participation in this study, and were informed that the
survey was anonymous and the personal information would not
be disclosed.
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Participants

Between April 15 and April 25, 2022, a total of 1305 patients
with positive nucleic acid test results in Fangcang shelter hospital
in Shanghai were included in this cross-sectional online survey.
The inclusion criteria include: volunteer participation; access
to devices such as mobile phone or tablet computer which
can be used to answer the questionnaire; positive nucleic acid
test results; and absence of symptoms or presence of mild
symptoms. The exclusion criteria are incapability of answering
the questionnaire; mental disorders; and symptom deterioration
that requires isolation and additional care. The patients were
invited by an experienced psychiatrist in Fangcang Hospital to
scan the QR code through WeChat to obtain the questionnaire.
The online questionnaire was presented and data were collected
via the “Wenjuanxing” platform (www.wjx.cn). Before the
survey, participants read the introduction to the questionnaire
on the home page and submitted informed consent. For those
who had difficulty in understanding the questionnaire, the
investigator would provide necessary explanations. Those who
filled in the questionnaire were considered willing to participate
in the survey. Except for certain items such as age, other
items were set up as mandatory, which means that only the
participants who filled in those items are allowed to submit
questionnaires. Participants aged below 18 or over 80 years (57
in total) and those who completed the questionnaire in <200
secs (nine in total) were excluded from the analysis.

Measures

Depressive symptoms

This study adopted the Chinese version of Patient Health
Questionnaire (PHQ-9) (18), which is widely used to assess
depressive symptoms and its severity. There are nine items,
including “Poor appetite, weight loss, or overeating” and
“Feeling tired, or having little energy,” etc. Each participant was
asked to choose the frequency of the event in the past 2 weeks.
For each item, the score of ranges between 0 (“Not at all”) and
3 (“Nearly every day”). The total score is positively correlated
with the severity of depression. In the current study, Cronbach’
o for PHQ-9 was 0.89. Cut-off > 10 was used to determine if the
participants had depressive symptoms.

Anxiety symptoms

Anxiety symptoms were assessed using the Chinese version
of seven-item Generalized Anxiety Disorder Scale (GAD-7)
(19), which is widely used for assessing anxiety symptoms of
participants within the last 2 weeks with high validity. For each
item, the score ranges between 0 (“not at all”) and 3 (“nearly
every day”), with the total score being 0 to 21. The total score is
positively correlated with the depression severity. In the current
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study, Cronbach’a for GAD-7 was 0.92. Cut-off > 10 was used
to determine if the participants had anxiety symptoms.

Perceived stress

The short form Perceived Stress Scale (PSS-4) was adopted
to assess patients’ perceived stress (23), which is a widely used
scale. The Chinese simplified version questionnaire contains
four items (20), each of which is designed using a 5-point Likert
scale (0 = never to 4 = very frequent), and the total score ranged
from 0 to 16. The score is positively correlated with the severity
of perceived stress. This scale has been proved to be reliable
(21, 22). In the current study, Cronbach’ o for PSS-4 was 0.73.
Cut-off > 8 was used to determine whether the participants
perceive stress (23).

Data analysis

Excel software was used to sort out data, and R software
(version 4.0.3) and its software package was used for data
analysis. Before network analysis, we used non-paranormal
transformation to normalize all skewed data as previously
described (24, 25).

We estimated the network structure of depression, anxiety
and perceived stress (DAS) of the patients to identify
which depression and anxiety symptoms were associated with
perceived stress. As our data are ordinal variables, we used the
extended Bayesian information criterion (EBIC) glasso function
of the qgraph software package in R for estimating the network
(26). As the weak connections may make the network complex
and redundant, we used a graphical Least Absolute Shrinkage
and Selection Operator (GLASSO) to shrink the weak edges and
make small edges become zero-weight edges to obtain a sparse
network structure. The estimated networks were undirected.
The variables in the network are “nodes,” and the connections
between the nodes are “edges” which is usually known as
partial correlation. In addition, the R package mgm was used
to calculate the node predictability (27), which is considered
to be the node variance that can be explained by all the
neighboring nodes.

We used the qgraph package of R software for calculating
the centrality index and visualize the network structure (28),
and adopted the bootnet package to test the difference in node
centrality (29). The expected influence centrality is the sum of
edge weights (for example correlation coefficients) connected
by each node, suggesting that if a certain symptom is activated,
it may induce the activation of other symptoms (30). Negative
correlation is represented by the red edge in the network
structure, while positive correlation is represented by the blue
edge. The thickness of an edge is positively correlated with the
degree of relation and vice versa.
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We used the bootnet function of R software for calculating
the stability and accuracy of the network (29). First, we adopted
the bootstrap method for evaluating the accuracy of edge weights
by computing the 95% confidence interval (CI). If the CI
was narrow, the edge weights and central indexes would be
more accurately estimated. Then, we used the case-dropping
bootstrap approach to assess the stability of the centrality index
by calculation of the correlation stability coefficient (nboot =
2,000), which can be used to exclude the cases of the largest
proportion when the correlation between the original centrality
index and the subsample centrality index keeps to be at least 0.70
(95% probability). A previous study suggests that the correlation
stability coefficient (CS) should remain higher than 0.25, better
to be over 0.50 (29).

Bridge symptoms are considered to be the overlapping
symptoms of two mental diseases (31). In this study, the
R-package networktools was used to calculate the nodes
where depressive symptoms, anxiety symptoms and perceived
stress overlap with each other (32). Because the best index
for identifying bridge nodes is the bridge expected influence
centrality, we calculate the centrality of bridge expected
influence. Bridge symptoms suggest that the risk of contagion
to other communities is greater, and bridge symptom
elimination could prevent the spreading between diseases
(32). Here, we divided all nodes into three communities, with
one containing nine depressive symptoms, one containing
seven anxiety symptoms, and one containing four perceived
stress nodes.

Finally, we used the Network Comparison Test function
to know if there were differences in network structure and
overall network connectivity (33). We included gender, a major
variable for predicting depression and anxiety in COVID-19
patients (34), age (adult group: 18-59 years old and elderly
group: 60-78 years old), presence of symptoms and duration
of isolation in the network comparison. We calculated the
global strength value and p-value of each network, as well
as the number of edges with significant differences. Network
structure refers to the biggest difference of corresponding edges
between two networks, network edge invariance means the
difference in individual edge weight between two networks,
and global strength represents the weighted absolute sum of
all edges on each network (33). Multiple comparisons between
individual network edges were performed using Bonferroni-
Holm correction (15).

Results

Descriptive statistics
A total of 1,239 patients infected with Omicron variant were

included in the current research analysis, including 489 women,
accounting for 39.47% of the total. The age of patients ranged
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TABLE 1 Demographics of depression and anxiety severity of the
participants (n = 1,239).

M (S.D.)/n (%)

Age 42.96 (13.10)
Adult group (n = 1,127) 40.70 (11.41)
Elderly group (n = 112) 65.71 (4.36)
Gender

Male 750 (60.53)
Female 489 (39.47)
Symptoms

Types of symptoms 480 (38.74)
Cough 397 (82.71)
Pharyngalgia 208 (43.33)
Hypodynamic 113 (23.54)
Fever 33 (6.88)
Skin allergy 33 (6.88)
No symptoms 365 (29.46)
Missed 394 (31.80)
Depression severity (total raw score)

0-4 913 (73.69)
5-9 214 (17.27)
10-14 76(6.13)
15-19 23 (1.86)
20-27 13 (1.05)
Anxiety severity (total raw score)

0-4 1,013 (81.76)
5-9 169 (13.64)
10-14 38 (3.07)
15-21 19 (1.53)
Perceived stress

>8 211 (17.03)

The SD is in italics to distinguish it from %s in the other brackets.

from 18 to 78 (42.96 £ 13.10). A total of 480 infected patients
(56.80% of the patients who reported symptoms) had symptoms
such as cough, sore throat, fatigue, fever, and skin allergy, among
which cough was one of the most common symptoms (Table 1).
Based on the current criteria (score > 10 for depression and
anxiety or > 8 for perceived stress), 9.03% had depression, 4.60%
had anxiety, and 17.03% felt stressed. The average score of items
was 0.07 to 0.59 (Table 2). Sleep problems were the most frequent
symptoms, and suicidal ideation was the least frequent.

Network structure

The network structures of DAS were shown in Figure 1.
Among the 190 edges with possible connections, 121 were not
zero (63.68%). The edges with the strongest connections in the
network were S2 (not confident)-S3 (unsatisfactory) (weight
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TABLE 2 Abbreviation, mean, standard deviation, and presence of symptoms in PHQ-9, GAD-7, and PSS-4.

Depression symptoms Abbreviation Mean (SD) % Presence Predictability
Little interest or pleasure in doing things D1: Anhedonia 0.47 (0.80) 32.93 0.58
Feeling down, depressed, irritable, or hopeless D2: Sadness 0.34 (0.66) 26.31 0.55
Trouble falling asleep, staying asleep, or sleeping D3: Sleeping 0.59 (0.90) 37.45 0.42
too much

Feeling tired, or having little energy D4: Fatigue 0.48 (0.75) 35.43 0.58
Poor appetite, weight loss, or overeating D5: Appetite 0.38 (0.70) 28.57 0.42
Feeling bad about yourself, or that you're a failure Dé6: Failure 0.28 (0.64) 19.85 0.53
or that you've let yourself or your family down

Trouble concentrating on things like school work, D7: Concentration 0.30 (0.65) 20.09 0.51
reading, or watching TV

Moving or speaking so slowly that other people D8: Motor 0.20 (0.54) 15.17 0.53
could notice

Thinking that you would be better off dead, or of D9: Suicidality ideation 0.07 (0.35) 5.57 0.33
hurting yourself in some way

Feeling nervous, anxious, or on edge Al: Nervousness 0.41 (0.70) 32.36 0.62
Not being able to stop or control worrying A2: Uncontrollable worry 0.29 (0.62) 22.92 0.66
Worrying too much about different things A3: Excessive worry 0.35 (0.67) 26.63 0.59
Trouble relaxing A4: Trouble relaxing 0.29 (0.63) 22.20 0.66
Being so restless that it’s hard to sit still Ab5: Restlessness 0.23 (0.59) 16.95 0.69
Becoming easily annoyed or irritable AG6: Irritability 0.27 (0.59) 21.15 0.57
Feeling afraid as if something awful might happen A7: Feeling afraid 0.22 (0.55) 16.79 0.56
Unable to control the important things in your life S1: Uncontrollable 0.60 (0.98) 31.64 0.54
Not confident about your ability to handle your §2: Not confident 1.26 (1.43) 49.15 0.50
personal problems

Things were not going your way $3: Unsatisfactory 1.05 (1.27) 47.05 0.47
Difficulties were pilling up so high that you could S4: Many difficulties 0.69 (1.02) 36.56 0.52

not overcome them

D1-D9 are PHQ-A items on depression. A1-A7 are GAD-7 items on anxiety. S1-S4 are PSS-4 items on perceived stress. SD, Standard Deviation.

= 0.62), D1 (anhedonia)-D4 (fatigue) (weight = 0.35), S1

(uncontrollable)-S4 (many difficulties) (weight = 0.34), and D8
(motor)-A5 (restlessness) (weight = 0.24) in a descending order.
Figure 1 shows predictability through a ring around the nodes.
The nodes had a predictability ranging from 0.33 to 0.69, and the
average predictability was 0.54 (Table 2). The bootstrapped 95%
CI was relatively narrow; thus, the edges of the DAS network
are accurate (Supplementary Figure 1). Supplementary Figure 2
showed the bootstrapped difference test for edge weights.

Centrality of network

The expected influence centrality of DAS network is
presented in Figure 2A. In DAS network, the node expected
influence of anxiety symptom A5 (restlessness) was the highest,
followed by A2 (uncontrollable worry), A4 (trouble relaxing)
and depression symptom D4 (fatigue). Perceived stress node
S3 (unsatisfactory) had the lowest node expected influence in
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the DAS network. The CS-coefficient of stability of the expected
influence centrality index was 0.75 (Supplementary Figure 3),
higher than 0.5,
Supplementary Figure 4 showed the bootstrapped difference

the recommended critical value (29).

test for node expected influence.

Bridge nodes

The bridge expected influence centrality of DAS network
is presented in Figure 2B. Anxiety symptom A6 (irritability)
had the highest node expected influence in DAS network,
node Sl
and anxiety symptom Al (nervousness).

followed by perceived stress (uncontrollable)
The correlation
stability coefficient of the bridge expected-influence was
0.75 (Supplementary Figure 5), suggesting that the bridge
expected influence has an acceptable stability. The bootstrapped
difference test for node bridge expected influence is shown in

Supplementary Figure 6.
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FIGURE 1
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Network structure of depression, anxiety, and perceived stress in patients infected with Omicron.
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Network comparison analysis

The network structures of four sub-sample are shown
in Supplementary Figure 7. Significant differences existed in
the DAS networks between patients with or without physical
symptoms, but the global strength between them was not
significantly different (network variance [M] = 0.28, P =
0.03; Global strength variance [S]
symptoms = 9.23, physical symptoms = 9.06, P = 0.39). Thus,

0.17, no physical
a differences exist in the interaction between items, but not in
the overall connectivity of items in the network. There may
be differences in central symptoms between patients with or
without physical symptoms. The network structure of the two
groups was further analyzed, and the results showed that the
central symptoms of those with physical symptoms were A4
(trouble relaxing) (EI = 1.43), while those without physical
symptoms were A2 (uncontrollable worry) (EI = 2.24). No
difference was found in the indexes of gender subsample
(network variance [M] = 0.17, P = 0.57; global strength variance
[S] = 0.24, male = 9.59, female = 9.84, P = 0.29), age group
subsample (network variance [M] = 0.24, P = 0.62; Global
strength variance [S] = 0.11, adult group = 9.21, Elderly group
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= 9.10, P = 0.74), and isolation duration subsample (network
variance [M] = 0.23, P = 0.45; Global strength variance [S] =
0.05, about 1 week = 9.18, more than 2 weeks = 9.13, P = 0.83).

Discussion

To our knowledge, this is the first study to explore
the complex networks of depression, anxiety symptoms and
perceived stress in Omicron-infected patients. We first analyzed
the depression, anxiety and perceived stress levels of these
patients, then analyzed the bridge expected influence through
network analysis, and finally compared the network differences
of subsamples of gender, age, isolation time and the presence of
somatic symptoms.

The results of descriptive analysis showed that the levels
of depression, anxiety and perceived stress in the patients in
Fangcang shelter hospital in Shanghai, China were significantly
lower than those in the inpatients in Wuhan from February
15 to February 29, 2020 (35, 36) (depression: 24.71-54.45 vs.
9.03%; anxiety: 16.47-50.11 vs. 4.60%, perceived stress: 39.70 vs.
17.03%). Possible explanations are listed as follows. First, the
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Centrality plot of the expected influence (A) and bridge expected influence (B) of depression, anxiety and perceived stress nodes in the network
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Not confident=
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infection level of the patients in the two samples is different.
The patients with COVID-19 in Wuhan, China from January
to March 2020 mainly had moderate or severe infection, while
only half (56.80%) of the patients in the current study had
mild symptoms (cough, etc.). Second, with the improvement of
vaccination, COVID-19 screening, and treatment methods, and
the increased public awareness of COVID-19, the virulence of
the virus is weakened and the fear about COVID-19 infection
is reduced (37). This is consistent with our hypothesis that the
mental health level of the Omicron-infected patients is higher
than that of the patients infected with prior strains, and that mild
symptoms of COVID-19 infection are associated with low level
of depression, anxiety, and perceived stress.

In the current network structure, the edge with the
strongest connection is within the same disorder, consistent
with the results of previous network analyses (15, 38-40).
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The edge with the strongest connection in the network is S2
(not confident)—S3 (unsatisfactory), which belongs to the
“perceived self-efficacy” dimension in PSS. In addition, a strong
connection also existed between nodes S1 (uncontrollable)-
S4 (many difficulties) of another dimension “perceived
helplessness” in the PSS, similar to the previous perceived
stress network (41). S2 (not confident)—S3 (unsatisfactory)
was the edge with the strongest connection in the perceived
stress items in the trauma and perceived stress networks
instead of S1 (uncontrollable)-S4 (many difficulties). The
possible explanation is that during the isolation due to
COVID-19 infection, as individuals are overwhelmed by a
bunch of events, such as the time of recovery and inability
to care for their families, they developed a sense of low self-
efficacy and helplessness (42), which may affect their mental
health (43).
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We also found a strong connection between depression
symptoms such as D1 (anhedonia)-D4 (fatigue). The previous
network analysis of female nurse students, who were not
infected with SARS-CoV-2, showed a strong connection
between depression symptoms D3 (sleeping difficulty) and D4
(fatigue) and D1 (anhedonia) and D4 (fatigue) (17). Among
the college students in the late stage of the epidemic, the
edges with the strongest connection were Al (nervousness
worry)-A2 (uncontrollable) and A2 (uncontrollable worry)-A3
(excessive worry) (15). Among Filipino migrant workers, D7
(concentration difficulties)-D8 (psychomotor aging/retirement),
and D3 (sleep difficulties)—D4 (fatigue) and A3 (excessive
(trouble and D8
aging/retirement)—D9 (thoughts of death) were the edges

worry)—A4 relaxing) (psychomotor
with the strongest connection (44). These evidences show that
differences and similarities exist in ways of interactions between
Omicron-infected and non-infected patients. The most possible
explanation may be that although the patients with Omicron
infection have mild pathological symptoms, they have to receive
treatment in isolation. On the one hand, the treatments they
received increase their fatigue; on the other hand, the limited
range of activities results in loss of pleasure. Therefore, measures
such as providing timely and reasonable treatment information
to patients, improving their sense of control over treatment,
reducing fatigue, and appropriately increasing recreational
activities may help alleviate anxiety, depression, and perceived
stress severity.

The results of the node expected influence centrality of
nodes showed that the expected influence value of anxiety
symptom A5 (restlessness) was the highest in the network,
indicating that it plays an important role in depression, anxiety
and perceived stress network. In addition, A2 (uncontrollable
worry) and A4 (trouble relaxing) were also the main central
symptoms, consistent with the results of Chinese doctors in the
post epidemic period (45). On the one hand, due to the different
physique of individuals, their symptoms and recovery speed
after the infection may differ from one another. On the other
hand, because of the pandemic of Omicron, we need to continue
to implement strict public health measures. These uncertainties
may increase the anxiety level of the patients (42). D4 (fatigue)
also had a strong expected influence value, consistent with the
results of previous studies conducted in college students (15, 17),
which may be explained by more physical examinations, worse
sleep quality and less exercises during COVID-19 isolation.
These evidences suggest that these symptoms play a major role
in activating and maintaining depression, anxiety and perceived
stress networks in patients infected with Omicron.

The centrality of the bridge expected influence of the
node showed that A6 (irritability) was a bridge symptom in
the network, consistent with the results of studies conducted
in Chinese doctors and nurse students during the epidemic
(17, 45), but inconsistent with the results of study in general
college students. In the later stage of the epidemic, the bridge
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symptom of college students was D8 (motor) (15). We propose
two possible explanations. First, medical staff have time-space
contact with patients, which increases the risk of exposure to
novel coronavirus. Like the patients, they cannot control the
development of the epidemic, and have to be exposed to the risk
of infection due to their work environment. These uncertainties
make them prone to irritability. Second, the general population
has a lower risk of infection with SARS-CoV-2 because isolation
restricts their movement. In addition, we also found that
perceived stress S1 (uncontrollable) was the second bridge
symptom in the network. Previous studies have shown that the
level of perceived stress in COVID-19 patients is as high as
39.7% (42), suggesting that patients perceived stress because
they lose control of many things, resulting in depression or
anxiety. It is worth noting that the current network is undirected;
therefore, it is necessary to further study the sequence of
developing these symptoms in order to intervene the initial
symptoms with more accurate means. Therefore, intervention
against bridge symptoms can effectively prevent the connection
between symptoms.

The comparison of the network for the four sub-samples
showed no difference between them except for the network
with physiological symptoms. The core symptom in the DAS
network of patients with physiological symptoms was A4
(trouble relaxing), and the core symptom in the DAS network
of asymptomatic patients was A2 (uncontrollable worry). The
presence of physiological symptoms can predict the disease
risk of patients after infection. Previous studies have shown
that patients with infection symptoms have higher levels of
depression and anxiety than asymptomatic patients (42), and the
level of depression increases with the severity of physiological
symptoms (8), suggesting different targets of intervention for
symptomatic and asymptomatic patients.

Notably, our current study found no differences in the DAS
network between men and women, inconsistent with the results
of some previous studies (46). A possible explanation is that
gender differences in depression and anxiety symptoms only
emerge when the prevalence of depression and anxiety is high.
Generally, in children, the prevalence of depression and anxiety
is lower and there are no gender differences whereas in the
post-pubertal group, the prevalence of depression and anxiety
increases and gender differences exist (47). A recent review
of gender differences in depression (48) suggests that women
typically have a higher prevalence of depression but less severe
symptoms than men, which may explain why gender differences
exist when the prevalence of depression is high and are reduced
when the prevalence of depression is low. This evidence suggests
that during depression and anxiety pandemic, treatment should
be attentive to the gender differences.

This study has several limitations. First, as no surveys
were conducted to investigate whether the patients have
basic diseases, it is unclear whether comorbidity exists, which
may affect the popularization of the research results. Second,
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the cross-sectional questionnaire survey is easily affected by
the current status of the respondents, and cannot reflect
the changes in the symptoms. In addition, this study lacks
a strict experimental design to compare the differences in
symptoms before and after COVID-19 infection. Therefore, it
is difficult to prove that these symptoms are completely caused
by COVID-19 infection. Finally, this study did not validate
the proposed intervention targets, which requires follow-up
research to further verify the effectiveness of these targets
for intervention.

Conclusion

In conclusion, Omicron-infected patients isolated in
Fangcang shelter hospital in Shanghai have reduced levels of
depression, anxiety symptoms and perceived stress. Network
analysis found that central symptoms A5 (restlessness), A2
(uncontrollable worry), A4 (trouble relaxing) and D4 (fatigue)
and bridge symptoms A6 (Irritability) and S1 (uncontrollable)
are potential targets for intervention. With the continuous
evolution of SARS-CoV-2, the number of patients with mild or
asymptomatic infection is growing. Therefore, it is important
to take targeted interventions (such as relaxation therapy and
cognitive behavioral therapy) against depression, anxiety and
perceived stress in these patients. Future study needs to consider
the cause-effect relation between the physical symptoms and
mental health of the COVID-19 patients, and validate the
efficacy of intervention target.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.
Requests to access these datasets should be directed to KL,

risyaiee@msn.cn.

Ethics statement

The studies involving human participants were reviewed
and approved by Medical Ethics Committee of the Department
of Psychiatry, The 980th Hospital of PLA Joint Logistics
Support Force (Project No. 20200239). The patients/participants
provided their written informed consent to participate in
this study.

References

1. WHO. WHO Coronavirus (COVID-19) Dashboard  (2022).
Available online at: https://covid19.who.int/ (accessed July
10, 2022).
Frontiersin Public Health

09

10.3389/fpubh.2022.1038296

Author contributions

KuL: data curation, writing—original draft, formal analysis,
and writing—review & editing. KeL: software, data curation,
and writing—review & editing. LR: software, data curation,
writing—original draft, and writing—review & editing. XZ,
CL, XL, LW, and ZF: writing—review & editing. LL: data
curation, writing—original draft, and writing—review & editing.
All authors contributed to the article and approved the
submitted version.

Funding

This study was supported by the Health Commission of
Hebei Provincial (N0.20200239) and the fund was used for
software development in the research to provide survey results
reports for survey participants and also played a role in
data analysis.

Acknowledgments

Thanks to the participants for their serious responses.

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.

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, 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/fpubh.
2022.1038296/full#supplementary-material

2. Meo SA, Meo AS, Al-Jassir FE, Klonoff DC. Omicron SARS-CoV-2 new
variant: Global prevalence and biological and clinical characteristics. Eur Rev Med
Pharmacol Sci. (2021) 25:11. doi: 10.26355/eurrev_202112_27652

frontiersin.org


https://doi.org/10.3389/fpubh.2022.1038296
mailto:risyaiee@msn.cn
https://www.frontiersin.org/articles/10.3389/fpubh.2022.1038296/full#supplementary-material
https://covid19.who.int/
https://doi.org/10.26355/eurrev_202112_27652
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Li et al.

3. Zhang X, Zhang W, Chen S. Shanghai’s life-saving efforts against the
current omicron wave of the COVID-19 pandemic. Lancet. (2022) 399:2011-
2. doi: 10.1016/S0140-6736(22)00838-8

4. Santomauro DE, Mantilla Herrera AM, Shadid J, Zheng P, Ashbaugh C, Pigott
DM, et al. Global prevalence and burden of depressive and anxiety disorders in 204
countries and territories in 2020 due to the COVID-19 pandemic. Lancet (2021)
398:1700-12. doi: 10.1016/S0140-6736(21)02143-7

5. WHO. COVID-19 Pandemic Triggers 25% Increase in Prevalence of Anxiety
and Depression Worldwide. (2022)

6. Moayed MS, Vahedian-Azimi A, Mirmomeni G, Rahimi-Bashar F
Goharimoghadam K, Pourhoseingholi MA, et al. Depression, anxiety, and stress
among patients with COVID-19: a cross-sectional study. Adv Experiment Med
Biol. (2021) 5:19. doi: 10.1007/978-3-030-59261-5_19

7.Li T, Zhang L, Cai S, Lu Z, Bao W, Guo Z, et al. Association of mental health
with clinical outcomes in hospitalized patients with moderate COVID-19. J Affect
Disord. (2022) 312:331-6. doi: 10.1016/j.jad.2022.05.047

8. Hosgoren Alici Y, Cinar G, Hasanli ], Ceran S, Onar D, Giilten E, et al. Factors
associated with progression of depression, anxiety, and stress-related symptoms in
outpatients and inpatients with COVID-19: a longitudinal study. Psych J (2022)
550-9. doi: 10.1002/pch;.557

9. Hajek A, Sabat I, Neumann-Béhme S, Schrey6gg J, Barros PP, Stargardt
T, Konig HH. Prevalence and determinants of probable depression and
anxiety during the COVID-19 pandemic in seven countries: Longitudinal
evidence from the European COvid Survey (ECOS). ] Affect Disord. (2022)
299:29. doi: 10.1016/j.jad.2021.12.029

10. Nyberg T, Ferguson NM, Nash SG, Webster HH, Flaxman S, Andrews N,
et al. Comparative analysis of the risks of hospitalisation and death associated
with SARS-CoV-2 omicron (B.1.1.529) and delta (B.1.617.2) variants in England: a
cohort study. Lancet (2022) 399:7. doi: 10.1016/S0140-6736(22)00462-7

11. Ferraris M, Maffoni M, de Marzo V, Pierobon A, Sommaruga M, Barbara
C, et al. Post-traumatic stress disorder, depression and anxiety symptoms
in COVID-19 outpatients with different levels of respiratory and ventilatory
support in the acute phase undergoing three months follow up. Minerva Med.
(2022) doi: 10.23736/50026-4806.22.07847-8. [Epub ahead of print].

12. Borsboom D, Cramer AOJ. Network analysis: An integrative approach
to the structure of psychopathology. Annu Rev Clin Psychol. (2013) 9:91-
121. doi: 10.1146/annurev-clinpsy-050212-185608

13. Chen G, Li E, Liu C, Li K, Yang Q, Ren L. The relations between mental well-
being and burnout in medical staff during the COVID-19 pandemic: A network
analysis. Front Public Health (2022) 10:92. doi: 10.3389/fpubh.2022.919692

14. Liang S, Liu C, Rotaru K, Li K, Wei X, Yuan S, et al. The relations
between emotion regulation, depression and anxiety among medical staff during
the late stage of COVID-19 pandemic: a network analysis. Psychiatry Res. (2022)
317:114863. doi: 10.1016/j.psychres.2022.114863

15. Bai W, Cai H, Liu S, Chen X, Sha S, Cheung T, Lin JJ, Cui X, Ng CH,
Xiang YT. Anxiety and depressive symptoms in college students during the late
stage of the COVID-19 outbreak: a network approach. Transl Psychiatr. (2021)
11:4. doi: 10.1038/541398-021-01738-4

16. di Blasi M, Gullo S, Mancinelli E, Freda MFE, Esposito G, Gelo OCG,
et al. Psychological distress associated with the COVID-19 lockdown: a two-wave
network analysis. ] Affect Disord. (2021) 284:16. doi: 10.1016/j.jad.2021.02.016

17. Ren L, Wang Y, Wu L, Wei Z, Cui LB, Wei X, et al. Network structure
of depression and anxiety symptoms in Chinese female nursing students. BMC
Psychiatry. (2021) 21:1-12. doi: 10.1186/512888-021-03276-1

18. Bian C, He X, Qian J, Wu W, Li C. The reliability and validity of a modified
patient health questionnaire for screening depressive syndrome in general hospital
outpatients. ] Tongji Univ. (2009) 132:136-40.

19. Wang Y, Chen R. Zhang L. Evaluation of the reliability and validity
of the generalized anxiety disorder 7-item scale among inpatients in general
hospital. J Clinic Psychiatr. (2018) 28:168-71. doi: 10.3969/j.issn.1005-3220.2018.
03.007

20. Sun J, Han Y, Bai H, Cao F. Psychological stress reactions of occupational
exposure to blood-borne infectious pathogens among medical staff:A longitudinal
study. Chinese Mental Health J. (2017) 31:190-4.

21. Mitchell AM, Crane PA, Kim Y. Perceived stress in survivors of suicide:
Psychometric properties of the perceived stress scale. Res Nurs Health (2008)
31:576-85. doi: 10.1002/nur.20284

22. Warttig SL, Forshaw MJ, South J, White AK. New, normative, English-sample
data for the Short Form Perceived Stress Scale (PSS-4). ] Health Psychol. (2013)
18:1617-25. doi: 10.1177/1359105313508346

23. Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress. |
Health Soc Behav. (1983) 24:404. doi: 10.2307/2136404

Frontiersin Public Health

10

10.3389/fpubh.2022.1038296

24. Feng C, Wang H, Lu N, Chen T, He H, Lu Y, et al. Log-transformation
and its implications for data analysis. Shanghai Arch Psychiatry. (2014) 26:105-9.
doi: 10.3969/j.issn.1002-0829.2014.02.009

25. Liu H, Lafferty J, Wasserman L. The non-paranormal: Semiparametric
estimation of high dimensional undirected graphs. ] Mach Learn. Res. (2009) 10:10.
doi: 10.48550/arXiv.0903.0649

26. Epskamp S, Fried EI. A tutorial on regularized partial correlation
networks.  Psychol =~ Methods.  (2018)  23:617-34. doi:  10.1037/met
0000167

27. Haslbeck JMB,
in  psychopathological
datasets. Psychol Med.
001258

28. Epskamp S, Cramer AOJ, Waldorp LJ, Schmittmann VD, Borsboom D.
Qgraph: Network visualizations of relationships in psychometric data. J Stat Softw.
(2012) 12:48. doi: 10.18637/js5.v048.104

Fried EI. How predictable are symptoms
networks? a  reanalysis of 18  published
(2017)  47:2267-76. doi: 10.1017/S0033291717

29. Epskamp S, Borsboom D, Fried EI. Estimating psychological networks
and their accuracy: a tutorial paper. Behav Res Methods. (2018) 50:195-
212. doi: 10.3758/s13428-017-0862-1

30. McNally R]. Can network analysis transform psychopathology? Behav Res
Therapy (2016) 16:86. doi: 10.1016/j.brat.2016.06.006

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

32. Jones PJ, Ma R, McNally RJ. Bridge centrality: a network

approach to understanding comorbidity. Multivariate Behav Res. (2021)
56:353-67. doi: 10.1080/00273171.2019.1614898

33. van Borkulo CD, van Bork R, Boschloo L, Kossakowski JJ, Tio P,
Schoevers RA, Borsboom D, Waldorp LJ. Comparing network structures on three
aspects: a permutation test. Psychol Methods (2022) 22:476. doi: 10.1037/met
0000476

34. Solomou I, Constantinidou F. Prevalence and predictors of anxiety and
depression symptoms during the COVID-19 pandemic and compliance with
precautionary measures: age and sex matter. Int J Environ Res Public Health (2020)
17:424. doi: 10.3390/ijerph17144924

35.GuY, Zhu Y, Xu F, XiJ, Xu G. Factors associated with mental health outcomes
among patients with COVID-19 treated in the Fangcang shelter hospital in China.
Asia-Pacific Psychiatry (2021) 13. doi: 10.1111/appy.12443

36. Hu Y, Chen Y, Zheng Y, You C, Tan J, Hu L, et al. Factors related to mental
health of inpatients with COVID-19 in Wuhan, China. Brain Behav Immun. (2020)
89:587-93. doi: 10.1016/j.bbi.2020.07.016

37. Bakioglu F, Korkmaz O, Ercan H. Fear of COVID-19 and positivity:
mediating role of intolerance of uncertainty, depression, anxiety, and
stress. Int ] Ment Health Addict. (2021) 19:33. doi: 10.1007/s11469-02
0-00331-y

38. Liu R, Chen X, Qi H, Feng Y, Su Z, Cheung T, Jackson T, Lei H,
Zhang L, Xiang Y-T. Network analysis of depressive and anxiety symptoms in
adolescents during and after the COVID-19 outbreak peak. J Affect Disord. (2022)
12:137. doi: 10.1016/j.jad.2021.12.137

39. McNally RJ, Mair P, Mugno BL, Riemann BC. Co-morbid obsessive-
compulsive disorder and depression: A Bayesian network approach. Psychol Med
(2017) 47:287. doi: 10.1017/S0033291716003287

40. Wei X, Jiang H, Wang H, Geng J, Gao T, Lei L, et al. The
relationship between components of neuroticism and problematic smartphone
use in adolescents: a network analysis. Pers Individ Dif. (2022) 186:111325.
doi. doi: 10.1016/j.paid.2021.111325

41. Betz LT, Penzel N, Rosen M, Kambeitz J. Relationships between childhood
trauma and perceived stress in the general population: a network perspective.
Psychol Med (2021) 51:2696-8. doi: 10.1017/5003329172000135X

42. Guo Q, Zheng Y, Shi J, Wang J, Li G, Li C, et al. Immediate psychological
distress in quarantined patients with COVID-19 and its association with
peripheral inflammation: a mixed-method study. Brain Behav Immun (2020)
88:17-27. doi: 10.1016/j.bbi.2020.05.038

43. Beck K, Vincent A, Becker C, Keller A, Cam H, Schaefert R, et al.
Prevalence and factors associated with psychological burden in COVID-19 patients
and their relatives: a prospective observational cohort study. PLoS One (2021)
16:5590. doi: 10.1371/journal.pone.0250590

44. Garabiles MR, Lao CK, Xiong Y, Hall BJ. Exploring comorbidity
between anxiety and depression among migrant Filipino domestic workers:
A network approach. J Affect Disord. (2019) 2:250. doi: 10.1016/j.jad.201
9.02.062

frontiersin.org


https://doi.org/10.3389/fpubh.2022.1038296
https://doi.org/10.1016/S0140-6736(22)00838-8
https://doi.org/10.1016/S0140-6736(21)02143-7
https://doi.org/10.1007/978-3-030-59261-5_19
https://doi.org/10.1016/j.jad.2022.05.047
https://doi.org/10.1002/pchj.557
https://doi.org/10.1016/j.jad.2021.12.029
https://doi.org/10.1016/S0140-6736(22)00462-7
https://doi.org/10.23736/S0026-4806.22.07847-8
https://doi.org/10.1146/annurev-clinpsy-050212-185608
https://doi.org/10.3389/fpubh.2022.919692
https://doi.org/10.1016/j.psychres.2022.114863
https://doi.org/10.1038/s41398-021-01738-4
https://doi.org/10.1016/j.jad.2021.02.016
https://doi.org/10.1186/s12888-021-03276-1
https://doi.org/10.3969/j.issn.1005-3220.2018.03.007
https://doi.org/10.1002/nur.20284
https://doi.org/10.1177/1359105313508346
https://doi.org/10.2307/2136404
https://doi.org/10.3969/j.issn.1002-0829.2014.02.009
https://doi.org/10.48550/arXiv.0903.0649
https://doi.org/10.1037/met0000167
https://doi.org/10.1017/S0033291717001258
https://doi.org/10.18637/jss.v048.i04
https://doi.org/10.3758/s13428-017-0862-1
https://doi.org/10.1016/j.brat.2016.06.006
https://doi.org/10.1017/S0140525X09991567
https://doi.org/10.1080/00273171.2019.1614898
https://doi.org/10.1037/met0000476
https://doi.org/10.3390/ijerph17144924
https://doi.org/10.1111/appy.12443
https://doi.org/10.1016/j.bbi.2020.07.016
https://doi.org/10.1007/s11469-020-00331-y
https://doi.org/10.1016/j.jad.2021.12.137
https://doi.org/10.1017/S0033291716003287
https://doi.org/10.1016/j.paid.2021.111325
https://doi.org/10.1017/S003329172000135X
https://doi.org/10.1016/j.bbi.2020.05.038
https://doi.org/10.1371/journal.pone.0250590
https://doi.org/10.1016/j.jad.2019.02.062
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Li et al.

45. Jin Y, Sha S, Tian T, Wang Q, Liang S, Wang Z, et al. Network analysis of
comorbid depression and anxiety and their association with quality of life among
clinicians in public hospitals during the late stage of the COVID-19 pandemic in
China. J Affect Disord. (2022) 314:193-200. doi: 10.1016/j.jad.2022.06.051

46. Fawzy M, Hamed SA. Prevalence of psychological stress, depression and
anxiety among medical students in Egypt. Psychiatry Res. (2017) 255:186-
94. doi: 10.1016/j.psychres.2017.05.027

Frontiersin Public Health

11

10.3389/fpubh.2022.1038296

47. Weller EB, Kloos A, Kang J, Weller RA. Depression in children and
adolescents. does gender make a difference? Curr Psychiatry Rep. (2006) 8:108-
14. doi: 10.1007/s11920-006-0007-1

48. Shi P, Yang A, Zhao Q, Chen Z, Ren X, Dai Q, et al. Hypothesis of gender
differences in self-reporting symptom of depression: implications to solve under-
diagnosis and under-treatment of depression in males. Front Psychiatry. (2021)
12:589687. doi: 10.3389/fpsyt.2021.589687

frontiersin.org


https://doi.org/10.3389/fpubh.2022.1038296
https://doi.org/10.1016/j.jad.2022.06.051
https://doi.org/10.1016/j.psychres.2017.05.027
https://doi.org/10.1007/s11920-006-0007-1
https://doi.org/10.3389/fpsyt.2021.589687
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	Adjusting intervention strategies for mental health of COVID-19 patients: A network analysis based on a survey in Omicron-infected patients
	Introduction
	Methods
	Ethics statement
	Participants
	Measures
	Depressive symptoms
	Anxiety symptoms
	Perceived stress

	Data analysis

	Results
	Descriptive statistics
	Network structure
	Centrality of network
	Bridge nodes
	Network comparison analysis

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


