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Abstract

Objectives: The Coronavirus Disease 2019 (COVID-19) pandemic has profound negative effects on the mental health
of clinically stable older patients with psychiatric disorders. This study examined the influential nodes of psychiatric
problems and their associations in this population using network analysis.Methods: Clinically stable older patients with
psychiatric disorders were consecutively recruited from four major psychiatric hospitals in China fromMay 22 to July 15,
2020. Depressive and anxiety syndromes (depression and anxiety hereafter), insomnia, posttraumatic stress symptoms
(PTSS), pain, and fatigue were measured using the Patient Health Questionnaire, General Anxiety Disorder, Insomnia
Severity Index, Posttraumatic Stress Disorder Checklist - Civilian Version, and Numeric Rating Scales for pain and fatigue,
respectively. Results: A total of 1063 participants were included. The network analysis revealed that depression was the
most influential node followed by anxiety as indicated by the centrality index of strength. In contrast, the edge connecting
depression and anxiety was the strongest edge, followed by the edge connecting depression and insomnia, and the edge
connecting depression and fatigue as indicated by edge-weights. The network structure was invariant by gender based on
the network structure invariance test (M = .14, P = .20) and global strength invariance tests (S = .08, P = .30).
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Conclusions: Attention should be paid to depression and its associations with anxiety, insomnia, and fatigue in the
screening and treatment of mental health problems in clinically stable older psychiatric patients affected by the COVID-
19 pandemic.

Keywords
COVID-19, older psychiatric patients, depression, network analysis

Introduction

The Coronavirus Disease 2019 (COVID-19) pandemic has had
profound negative effects on the mental health of clinically
stable psychiatric patients who received outpatient maintenance
treatment. Overall, COVID-19 has added to the burden of
people with pre-existing psychiatric disorders. For example,
many patients with mood and anxiety disorders experienced
worse depressive and anxiety symptoms, sleep disturbances,
intense suicidal ideation, and psychological distress during the
pandemic,1-3 which may be partly due to the fear of infection
and the negative impact of preventive measures imposed by
authorities such as mass quarantine, isolation, physical dis-
tancing, and contact tracing.2,4-8 In China, COVID-related
restrictions may create barriers to the critical psychiatric out-
patient care9 of clinically stable psychiatric patients who require
long-term maintenance and follow-up care.

Due to the limited availability of primary care services in
rural China, the vast majority of psychiatric patients need to
travel to urban areas to access specialist care at major
psychiatric hospitals or psychiatric departments in general
hospitals.10,11 The logistical difficulties involved therein
increase the risk for treatment interruption and illness re-
lapse,12 which results in anxiety about illness recurrence in
patients. Importantly, traveling to places where there is
community transmission of an infectious disease inevitably
increases the risk of contagion. In addition, individuals may
also be under increased financial strain due to their inability
to work.13 Such burden compounds the existing psycho-
logical stress from their mental illness.

Arguably, older psychiatric patients should be priori-
tized because they are at greater risk of poor outcomes if
infected with COVID-19 compared to other age
groups.14-17 Having greater vulnerability could elicit fear
and psychological distress and as such, older people may
self-restrict their daily activities and social interactions,18

thereby aggravating their loneliness and disrupting their
usual life rhythm. Furthermore, older patients often have
comorbid chronic physical diseases (e.g., cardiovascular
and cerebrovascular diseases and diabetes mellitus) that
require long-term follow-up treatment. Greater difficulty
accessing medical services due to the limited medical
services during the pandemic may prevent regular treat-
ment attendance, compromising the management of their
physical diseases19 and increasing their health worries. It is

also worth noting that the mental health services and edu-
cation during the COVID-19 pandemic are mostly delivered
online.20,21 However, many older psychiatric patients have
limited access to broadband internet and have poor digital
health literacy, thereby depriving them of the benefits.22

Most previous studies have investigated the mental
health problems in different populations during the COVID-
19 pandemic such as in psychiatric patients, general pop-
ulation, health professionals, and so forth. These studies
covered depression and anxiety symptoms, sleep distur-
bances, posttraumatic stress disorder related symptoms
(PTSS), and somatic symptoms.1-3,23-25 Although the
prevalence and severity of these symptoms/problems have
been studied, their clustering and importancewarrant further
research. Since these mental health problems are frequently
coexist and correlated with each other,26-29 it is important to
evaluate the significance of each problem and its inter-
relationships. In this study, we performed network analy-
sis to examine the influential nodes of psychiatric problems
experienced by clinically stable older patients. As previous
studies showed gender differences in the pattern and clinical
features of depressive and anxiety symptoms,30,31 insom-
nia,32 PTSS,33 and somatic symptoms34 in older adults, we
also examined the network structure between genders.

Methods

Participants and Study Sites

This was a multi-center, cross-sectional study conducted in
four major tertiary psychiatric settings providing mainte-
nance treatment services (Guangji Hospital Affiliated with
Soochow University in Jiangsu province, Lanzhou Uni-
versity Second Hospital in Gansu province, Xiamen
Xianyue Hospital in Fujian province, and Beijing Anding
Hospital in Beijing) between May 22 and July 15, 2020.
Clinically stable older psychiatric patients and their
guardians (if available) were consecutively invited to
participate in this study. The inclusion criteria were the
following: 1) aged 50 years and above, 2) diagnosed by a
psychiatrist with any psychiatric disorder based on the
International Statistical Classification of Diseases and
Related Health Problems, 10th Revision (ICD-10); and 3)
judged clinically stable by their treating psychiatrists.
Following previous studies,35,36 “clinically stable patients”
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were defined as patients whose dose of psychotropic
medications was changed by less than 50% in the past three
months. Patients who did not provide informed consent or
had difficulties understanding the survey content, such as
those with significant dementia, were excluded. The study
protocol was approved by the ethics committees of each
participating hospital. All participants and their guardians
(if available) provided written informed consent.

Measurement Tools and Assessment

Data were collected using the WeChat-based “Question-
naire Star” application. Participants attending the outpa-
tient departments of participating hospitals were asked to
complete the assessment either using their or their
guardians’ smartphones. As a public health measure during
the pandemic, all patients attending outpatient departments
in the participating hospitals needed to register their
personal health information on smartphones. Hence, all
participants who took part in the survey used their or their
guardians’ smartphone-based application “Questionnaire
Star”. A research psychiatrist could help patients who had
difficulties to complete the assessment.

The severity of depression and anxiety syndromes
(depression and anxiety hereafter) was assessed using the
Chinese version of the 9-item Patient Health Questionnaire
(PHQ-9)37,38 and the 7-item General Anxiety Disorder
(GAD-7),39,40 respectively, both of which have been well-
validated and widely used in Chinese populations.41 The
total score of the PHQ-9 and the GAD-7 ranges from 0 to
27 and 0 to 21, respectively, both with a higher total score
representing more severe depression or anxiety.

Severity of insomnia was evaluated with the Chinese
version of Insomnia Severity Index (ISI),42,43 which had
satisfactory psychometric properties.43 Its total score
ranges from 0 to 28 and a higher total score indicates more
severe insomnia. The Chinese version of Posttraumatic
Stress Disorder Checklist - Civilian Version (PCL-C)44,45

was previously shown to have satisfactory screening
ability for PTSS.45 Its total score ranges from 17 to 85 with
a higher total score representing more severe PTSS.

The Numeric Rating Scale (NRS) was used to measure
body pain (pain hereafter) and fatigue symptoms. The NRS
is a visual analog scale with a horizontal line marked with
integers from 0 to 10 at equal intervals, where “0” indicates
“no suffering” and “10” indicates “unbearable suffering”.
The NRS for pain is regarded as one of the best tools to
examine the severity of pain,46,47 while the NRS for fatigue
is also widely used in clinical studies.48,49

Conceptual Overview of Network Analysis

We present here the concepts and terminology of network
analysis. A network is a collection of entities that are
connected to each other.50 These entities can be anything

(i.e., airports, people, companies, and in this paper, psy-
chiatric problems) that can be connected to others of the
same kind. Each of these psychiatric problems constitutes a
node that is related to other problems, and these relations
are called edges. A cluster of these psychiatric problems
can be defined as a group of meaningful related psychiatric
problems that collectively define a general mental health
status. A network can have one or more clusters of
problems/symptoms that are not connected at all. The
structure of networks can be analyzed statistically in order
to reveal importance.50

Influential problems/symptoms occupy a more central
position in the network while less influential ones are pe-
ripheral. Centrality can be measured in many ways, but in
this study we focused on strength that refers to the sum-
mation of absolute weights of all edges that directly con-
nects to a particular node as recommended previously.51,52

Data Analysis

Continuous and categorical variables were described as
mean (standardized deviation (SD)) and frequency (per-
centage), respectively. The R program was used in all data
analyses. The network was estimated using the Gaussian
graphical model with possible spurious edges controlled
using the technique of least absolute shrinkage and se-
lection operator (LASSO), which could make estimated
models more interpretable and understandable.53 The
tuning parameter related to LASSO was administered with
the extended Bayesian information criterion (EBIC).54,55

The stability of the networks was measured by centrality
stability and edge-weight accuracy. The centrality stability
was tested with the correlation stability coefficient (CS-
coefficient) that refers to the maximum proportion of cases
that could be dropped while the correlation of the centrality
indices between the networks of original sample and case-
dropping subsets was at least .7 with a probability of
95%.54 The centrality index of strength was viewed as
stable when the CS-coefficient was larger than .25 and
preferably larger than .50 54. The edge-weight accuracy
was calculated using nonparametric bootstrap with 1000
samples and visualized with a line diagram. Narrower
bootstrapped confidence intervals (CI) of edge weights
from the network of the bootstrapped sample represented
more precise estimation of the edges. In addition, the
bootstrapped difference test was conducted to examine
whether the centrality index (strength) between two nodes
or the edge-weights between two edges significantly dif-
fered. Two nodes significantly differed from each other
when zero was not included in the bootstrapped CI.56 Two
edge weights significantly differed from each other when
their corresponding bootstrapped CIs did not overlap.54

The results of the bootstrapped difference test were
graphically displayed with checkerboard diagrams.
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In addition, the influence of gender on the network
structure was estimated using the Network Comparison
Tests, including the invariant global strength, the invariant
network structure, and the invariant edge strength. The
invariant global strength reflected the difference in overall
network connectivity between male and female patients.
The invariant network structure tested the overall differ-
ence between all the possible edges. When a significant
difference was reported in either invariant global strength
or network structure test, the invariant edge strength would
be further tested to investigate the possible difference of
each edge between the two gender networks.57

Results

Initially, 1068 patients were invited to participate in this
study; of whom, 1063 met the eligibility criteria and
completed the assessment. Their mean age was 62.8
(standard deviation (SD):9.4) years and 32.6% (n = 347)
were males. Their mean years of education was 7.9 (SD:
4.0) years. The percentage of married patients was 90.4%
(n = 961), while the percentage of those living in rural areas
was 35.1% (n=373). The majority of the participants
(45.6%, n = 485) had a primary psychiatric diagnosis of
major depressive disorder followed by schizophrenia
(6.9%, n = 73) and organic mental disorder (5.9%, n = 63)
while the remaining participants suffered from other
psychiatric diagnoses (41.6%, n = 442).

The estimated network of the studied psychiatric
problems is displayed in Figure 1. A total of 13 (86.7%)
non-zero edges emerged out of all possible 15 edges. The
centrality indices are displayed in Supplementary Figure 1.
The CS-coefficient value indicated that the strength (CS-
coefficient=.75) presented excellent stability, suggesting
the ranking of nodes was trustworthy. The nonparametric
bootstrapped difference test for strength revealed that the
node of depression was statistically stronger than all the
other psychiatric problems in the network, followed by
anxiety as another statistically stronger node than others in
the network (Figure 2).

Figure 3 visualizes the estimated edge-weights accu-
racy. The relatively narrow bootstrapped CIs indicated that
the estimated edge-weights were precise. The nonpara-
metric bootstrapped difference test for edge-weights re-
vealed that the edge connecting depression and anxiety
was the strongest and was significantly different from all
the other edges. The edge connecting depression and in-
somnia and the edge connecting depression and fatigue
were also strong and significantly different from most of
other edges (Figure 4).

Figure 5 visualizes the networks of all studied psy-
chiatric problems in male and female patients separately.
The two networks visually differed in their structures. A
total of 13 (86.7%) non-zero edges emerged out of all 15

potential edges in the male network, whereas the corre-
sponding figure was 14 (93.3%) in the female network.
However, Network Comparison Test did not find signifi-
cant difference in the network structure invariance between
the networks of female and male patients (M = .14, P =
.20). The invariant edge strength was not further tested
since the network structure was invariant.57 There was also
no difference on the invariance of global strength between
the networks of male and female patients (S = .08, P = .30).

Discussion

To the best of our Knowledge, this was the first study that
examined psychiatric problems during the COVID-19
pandemic in clinically stable older psychiatric patients us-
ing network analysis. We found that depression and anxiety
were the most influential psychiatric problems in the net-
work, followed by fatigue, PTSS, insomnia, and pain.
Meanwhile, the edge connecting depression and anxiety
was the most influential edge in the model, which is con-
sistent with the findings that comorbid depression and
anxiety are common in late life.26,58,59 Additionally, anxiety
seems to result in depression60 and vice versa,61 suggesting
a bi-directional relationship between the two psychiatric
syndromes. Common neuropsychological mechanisms
shared by depression and anxiety (e.g., alteration of acti-
vation and connectivity of ventral cingulate and amygdala
and polymorphic variation at the serotonin receptor gene)
may also contribute to their co-occurrence.62,63

The edge connecting depression and insomnia was also
influential in the network model. Comorbid insomnia is
common in psychiatric patients since many psychiatric
disorders and psychotropic medications can affect sleep

Figure 1. The network of all studied psychiatric problems.
Notes: The green edges represent positive correlations. The
red edges are set to represent negative correlations and no
negative correlation merged in this figure. The saturation and
thickness of the edges represent connection strongness of two
nodes.
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rhythm.64,65 The association between insomnia and de-
pression is bidirectional. On one hand, insomnia is a risk
factor for depressive disorders.66,67 On the other hand,
depressive disorders can increase the likelihood of in-
somnia.68 Previous meta-analyses revealed that insomnia
could significantly predict the onset of depressive

episodes67,69,70 with an odd ratio (OR) of up to 2.83 (95%
CI: 1.55–5.17).67 The association between depression and
insomnia could be partly explained by the impaired
emotional processing71 and also certain common mecha-
nisms such as alterations of arousal states72-74 and level of
inflammatory markers.75

Figure 3. Edge-weights accuracy of the network of all studied psychiatric problems. Notes: The gray area represents the
bootstrapped confidence intervals (CIs). The horizontal axis represents the edge-weight, while the vertical axis represents the edges
between each pair of nodes.

Figure 2. Nonparametric bootstrapped difference test for strength in the network of all studied psychiatric problems. Notes: Gray
and black boxes represent no significant difference and significant difference between nodes separately. Values in box on the
diagonal indicate the strength of each node.
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The edge connecting depression and fatigue is also among
the major edges in the network. Fatigue and depression
commonly co-occur.76-78 According to the diagnostic criteria
for major depressive disorder in the Diagnostic and Statistical

Manual of Mental Disorders, Fifth Edition (DSM-V),79 fa-
tigue is one of the key features of major depressive disorder.
Previous studies found that patients with fatigue in primary
care were more likely to have lifetime depressive disorders

Figure 5. The networks of all studied psychiatric problems in female and male patients. Notes: The green edges represent positive
correlations. The red edges are set to represent negative correlations and no negative correlation merged in this figure. The
saturation and thickness of the edges represent connection strongness of two nodes.

Figure 4. Nonparametric bootstrapped difference test for edge-weights in the network of all studied psychiatric problems. Notes:
Gray boxes and black boxes represent non-significant difference and significant difference between two edges weights separately.
The saturation of box on the diagonal represent the edge-weights with the blue box representing positive correlation between nodes.
Red box was set to represent negative correlation between nodes, which did not merge in the network.
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than those without80 while those with either fatigue or de-
pression had a two-fold increase in the risk for the co-
occurrence of fatigue and depression.81 Further, longitudi-
nal studies found that a history of unexplained fatigue was
significantly associated with increased risk of new onset of
major depression in community-dwelling adults (Risk ratio
(RR)=28.4, 95%CI: 11.7–68.0).82 The co-occurring fatigue
and depression may be due to shared underlying genetical
mechanisms.83,84 In addition, impaired immune function
commonly found in depression and fatigue could also partly
explain their association.85,86

This study did not find gender difference in network
structure and global strength of included psychiatric
problems, which indicates that the distribution and
pairwise associations of these problems were similar
across both genders. Gender may have an effect on the
pattern and clinical presentations of certain psychiatric
problems in older adults; for instance, previous stud-
ies found that females usually presented more severe
or comparable depressive/anxiety symptoms,2,87-89

insomnia,87,89 and PTSS87 compared to males during
the COVID-19 pandemic. However, the gender differ-
ence was not found in the invariable pairwise associations
measured by network analysis. It is possible that the
gender difference in network analysis may be partly
masked by the negative impact of the pandemic on mental
health, as both genders may be equally affected by public
health measures and fears about the pandemic and related
consequences.

The strengths of this study include the large sample
size, multicenter study design, and use of network
analysis. However, several methodological limitations
need to be addressed. First, the casual and dynamic
relationships between the studied psychiatric problems
could not be examined due to the cross-sectional study
design. Second, this study only included clinically
stable older patients with psychiatric disorder, which
limits the generalization of the results to other psy-
chiatric patients with different clinical status (e.g.,
acute illness status) or age groups. Third, only self-
report assessment instruments were used which may
result in recall bias.

In conclusion, the most influential psychiatric problem
in clinically stable older psychiatric patients during the
COVID-19 pandemic was depression. The association
between depression and anxiety, insomnia, and fatigue
symptoms should be addressed when developing screening
and interventions for clinical stable older psychiatric pa-
tients affected by the COVID-19 pandemic.

Acknowledgments

The authors are grateful to all participants and clinicians involved
in this study.

Contributors

Study design: Qinge Zhang and Yu-Tao Xiang. Data collection,
analysis, and interpretation: Wen Li, Zhao Na, Xiaona Yan, Siyun
Zou, Huan Wang, Yulong Li, Xiuying Xu, Xiangdong Du, and
Lan Zhang. Drafting of the manuscript: Wen Li, Qinge Zhang,
and Yu-Tao Xiang. Critical revision of the manuscript: Teris
Cheung, Gabor S. Ungvari, and Chee H. Ng. Approval of the final
version for publication: all co-authors.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) disclosed receipt of the followingfinancial support for the
research, authorship, and/or publication of this article: The study was
supported by the National Science and Technology Major Project for
investigational new drug (2018ZX09201-014), the Beijing Municipal
Science & Technology Commission (No. Z181100001518005), and
the University of Macau (MYRG2019-00066-FHS).

Availability of Data and Materials

The Clinical Research Ethics Committee of participating hos-
pitals that approved the study prohibits the authors from making
the research dataset of clinical studies publicly available. Readers
and all interested researchers may contact Dr. YT Xiang (Email
address: xyutly@gmail.com) for details. Dr. Xiang could apply to
the Clinical Research Ethics Committee of participating hospitals
for the release of the data.

ORCID iDs

Wen Li, MD, PhD  https://orcid.org/0000-0002-6722-0804
Qinge Zhang, MD  https://orcid.org/0000-0002-0095-1995
Yu-Tao Xiang, MD, PhD  https://orcid.org/0000-0002-2906-
0029

Supplemental material

Supplemental material for this article is available online.

References

1. Hao F, Tan W, Jiang L, et al. Do psychiatric patients ex-
perience more psychiatric symptoms during COVID-19
pandemic and lockdown? A case-control study with ser-
vice and research implications for immunopsychiatry. Brain
Behav Immun. 2020;87:100-106.
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