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Infectious disease epidemics have become more frequent and more complex during the 21°* century, posing a health threat to the

general public and leading to psychological symptoms. The current study was designed to investigate the prevalence of and risk
factors associated with depression, anxiety and insomnia symptoms during epidemic outbreaks, including COVID-19. We
systematically searched the PubMed, Embase, Web of Science, OVID, Medline, Cochrane databases, bioRxiv and medRxiv to identify
studies that reported the prevalence of depression, anxiety or insomnia during infectious disease epidemics, up to August 14t
2020. Prevalence of mental symptoms among different populations including the general public, health workers, university
students, older adults, infected patients, survivors of infection, and pregnant women across all types of epidemics was pooled. In
addition, prevalence of mental symptoms during COVID-19 was estimated by time using meta-regression analysis. A total of 17,506
papers were initially retrieved, and a final of 283 studies met the inclusion criteria, representing a total of 948,882 individuals. The
pooled prevalence of depression ranged from 23.1%, 95% confidential intervals (95% Cl: [13.9-32.2]) in survivors to 43.3% (95% Cl:
[27.1-59.6]) in university students, the pooled prevalence of anxiety ranged from 25.0% (95% Cl: [12.0-38.0]) in older adults to
43.3% (95% Cl: [23.3-63.3]) in pregnant women, and insomnia symptoms ranged from 29.7% (95% Cl: [24.4-34.9]) in the general
public to 58.4% (95% Cl: [28.1-88.6]) in university students. Prevalence of moderate-to-severe mental symptoms was lower but had
substantial variation across different populations. The prevalence of mental problems increased over time during the COVID-19
pandemic among the general public, health workers and university students, and decreased among infected patients. Factors
associated with increased prevalence for all three mental health symptoms included female sex, and having physical disorders,
psychiatric disorders, COVID infection, colleagues or family members infected, experience of frontline work, close contact with
infected patients, high exposure risk, quarantine experience and high concern about epidemics. Frequent exercise and good social
support were associated with lower risk for these three mental symptoms. In conclusion, mental symptoms are common during
epidemics with substantial variation across populations. The population-specific psychological crisis management are needed to
decrease the burden of psychological problem and improve the mental wellbeing during epidemic.
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INTRODUCTION epidemics into public attention [1]. In fact, several infectious
The explosive spread of coronavirus disease 2019 (COVID-19) disease epidemics occurred during the 21°' century, including
across the world has once again brought infectious disease severe acute respiratory syndrome (SARS), influenza A subtype
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H5N1, Zika, Ebola, and Middle East respiratory syndrome
coronavirus (MERS-CoV) [2, 3]. These epidemics posed a general
public health threat requiring prevention of their spread,
promoting public awareness, and educating the public about
the diseases.

Facing these large-scale infectious public health events and
enormous disruptions to daily life, people are under unprece-
dented pressure and can experience severe psychological
problems, such as depression, anxiety and insomnia [4, 5].
Accumulating studies have investigated the prevalence of mental
health problems during infectious disease epidemics in different
populations, typically focusing on the general public [6],
healthcare workers [7, 8], university students [9], infected survivors
[10], and the pregnant women [11]. Recent published meta-
analyses also pointed the existence of high prevalence of mental
symptoms during COVID-19 among populations including general
public and health workers [12, 13]. However, most of these studies
included small samples that focused on early stage of COVID-19
rather than the pandemic, and did not investigate the change in
mental symptoms as the pandemic progressed.

The risk of psychological symptoms was associated with
demographic characteristics, medical conditions, epidemic-
related factors, experiencing public health interventions like
quarantines, and concern and understanding of the COVID-19
pandemic [14-16]. Recent studies have reported that female and
self-perceived illness severity were significantly associated with
symptoms of depression, anxiety and insomnia [6]. Participants
whose families or friends were confirmed or suspected COVID-19
patients or who experienced quarantine had a higher risk of
having symptoms of depression, anxiety, insomnia and acute
stress [14]. Decreased physical exercise also was associated with
worse mental health during the pandemic [17]. However, the
magnitude of the relationship between these factors and the risk
of mental health problems generally varies substantially across
studies.

Understanding the mental health problems related to infectious
disease epidemics and identifying associated risk factors would
help to set priorities for public health policies and to implement
effective health care interventions [18, 19]. To our knowledge, a
comprehensive systematic review of studies investigating the
prevalence and factors associated with mental health problems
among multiple different populations during epidemics has not
been published. Based on these considerations, the current study
conducted a systematic review and meta-analysis to examine the
prevalence of mental health symptoms across varying populations
including the general public, health workers, university students,
older adults, infected patients, survivors of infection, and pregnant
women. Moreover, we intend to explore potential risk factors
associated with mental health problems particularly in relation to
anxiety, depression and insomnia.

METHODS

This systematic review and meta-analysis followed the Meta-
Analyses of Observational Studies in Epidemiology (MOOSE)
guidelines [20] (Supplementary Table 1) and the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [21] (Supplementary Table 2). The review
protocol was registered in PROSPERO and is available online
(CRD42020219530).

Search strategy and selection criteria

We systematically searched the PubMed, Embase, Web of Science,
OVID, Medline, Cochrane databases, bioRxiv and medRxiv to
identify studies that reported the prevalence of depression,
anxiety or insomnia during infectious disease epidemics, including
SARS, H1N1, poliomyelitis, Ebola, Zika, Nipah, MERS-CoV, H5N1,
and COVID-19 (Supplement 1). The literature search was updated
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to August 14, 2020. Additionally, we also scanned reference lists of
retrieved papers and recent reviews for additional studies that
might met the inclusion criteria.

Three authors (Zheng YB, Wang YJ, and Liu XX) independently
assessed the articles for their inclusion eligibility. Studies were
included if they met the following criteria: (1) observational
studies during the above list of infectious disease epidemics, (2)
peer-reviewed articles without language restriction that reported
the prevalence of depression, anxiety or insomnia symptoms
during epidemics, or studies that provide odds ratios (ORs) or raw
data that was available to calculate ORs for factors associated with
depression, anxiety or insomnia symptoms during these epi-
demics. The following articles were excluded: (1) case reports,
commentaries, conference abstracts, poster presentations,
reviews, and dissertations; (2) studies that investigated the
prevalence of mental problems more than sixth months after
epidemics; (3) no available data to calculate prevalence or ORs of
depression, anxiety or insomnia. If the same sample was used in
more than one publication, then only the dataset with the most
comprehensive information was included to avoid data duplica-
tion in the meta-analysis. The process of identifying eligible
studies and reasons for exclusion are presented in Fig. 1.

Data extraction and quality assessment

The following information was extracted from each study
according to a prespecified protocol: first author, publication year,
research site, type of infectious outbreak, study population, type
of study, investigating time, sample size, male percentage,
assessment instrument, and prevalence of mental problems
(Supplementary Table 3). All data were independently extracted
from the eligible studies by six of the authors (YBZ, YJW, YTH, YZ,
MNJ, CWY) and subsequently double-checked by two authors
(YBZ and YJW).

Four of the authors (YJW, WIL, MNJ and CWY) independently
conducted Quality assessments of eligible studies using the
Joanna Briggs Institute Qualitative Assessment and Review
Instrument (JBI-QARI, https://jbi.global/critical-appraisal-tools). All
discrepancies were resolved by group discussion and consensus.
Detailed information on the study quality is shown in Supple-
mentary Table 4.

Definitions

In this meta-analysis, we assessed prevalence of and risk factors
associated with depression, anxiety and insomnia symptoms
during infectious disease epidemics. Operational definitions of key
terms including infectious disease epidemics, mental health
problems, populations and risk factors used in the study are
presented in Supplementary Table 5.

Data analysis
A random effects model was used to calculate pooled prevalence
estimates of any or moderate-to-severe depression, anxiety and
insomnia. Pooled prevalence estimates are expressed as mean
estimates and 95% confidence intervals (Cls). We used an F
statistic estimate of =50% as an indicator of large statistical
heterogeneity. To explore potential sources of heterogeneity,
subgroups and meta-regression analysis were conducted when
possible using the following variables: population type (general
public, health workers, university students, older adults, infected
patients, survivors of infection, and pregnant women), type of
infectious disease (SARS, COVID-19, and others types including
H1N1, poliomyelitis, Ebola, Zika, Nipah, MERS-CoV, H5N1), and
across different countries. We also conducted meta-regression
analysis of depression, anxiety, and insomnia prevalence during
the duration of COVID-19 among different populations.

We used inverse variance weighted random-effects models to
pool the log-transformed ORs for factors associated with
depression, anxiety, and insomnia. The following dichotomous
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3216

Records identified through
database searching (n=15869)
-Cochrane (n=1255)
-Embase (n=4433)
-Medline (n=3411) Additional records identified
-OVID (n=1380) through other sources (preprints
-PubMed (n=3050) from bioRxiv and medRxiv)
-Web of Science core (n=2340) (n=1637)
|
-I Studies excluded (n=16567)
Full text articles assessed for
eligibility (n=938)
Full-text screening excluded (n=655)
-Concept unclear (n=65)
.| -No available data of depression, anxiety or
insomnia (n=209)
-No relevant pandemic (n=76)
-No relevant outcomes (n=265)
-6 months after pandemic (n=37)
-On the same sample (n=3)
Studies included in the meta-analysis (n=283)
Prevalence: Risk factor:
(A)Depression (n=219)| (A) Depression (n=119)
(B) Anxiety (n=232) (B) Anxiety (n=118)
(C) Insomnia (n=46) (C) Insomnia (n=32)
Fig. 1 The flow chart of study selection.

factors were explored: 1) demographics: sex, age (>40 years vs <40
years), education, marriage, income level, living areas (rural area
vs, urban area), smoking, drinking, living alone, emergency
experience, 2) medical conditions: physical disorders, mental
disorders, 3) epidemic-related factors: suspected or confirmed
infected, colleagues or family members infected, frontline workers,
close contact with infected patients, epidemic location (high vs
low), exposure risk (high vs low), working status (working vs not
working), being concerned about epidemics (highly vs not highly),
quarantine, 4) potential protective factors: social support (good vs
poor), exercise frequency (frequently vs less frequently), preven-
tive behavior (frequently vs less frequently).

Begg's test was used to assess the possibility of publication bias.
Sensitivity analyses were conducted to identify the influence of
individual studies on the pooled estimates by excluding each of
the studies from the pooled estimate. All of the analyses were
calculated using the statistical packages for meta-analysis in Stata
12 software. Values of P<0.05 were considered statistically
significant for all tests.

RESULTS
A total of 15,869 papers were initially retrieved through database
searching, and additional 1637 records identified through other
preprint resources. After screening titles and abstracts, 938 articles
remained to review the full-text for eligibility. Among them, 655
were excluded after full-text screening. Finally, we included 283
eligible studies. Of these eligible studies, 219 studies assessed the
prevalence of depression, 232 studies assessed the prevalence of
anxiety, and 46 studies assessed the prevalence of insomnia.
Moreover, the number of studies that provided data on factors
associated with depression was 119, anxiety was 118, and
insomnia was 32. An overview of the process of study selection
is presented in Fig. 1.

Of the 283 included studies, a total of 948,882 individuals were
included in the final analysis including 102 studies (627,452) for
the general public, 87 studies (100,363) for health workers,
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20 studies (65,495) for students, 10 studies (10,310) for older
adults, 26 studies (46,606) for infected patients, 7 studies (1815)
for survivors of infection, and 11 studies (15,399) for the pregnant.
The number of individuals assessed during COVID-19, SARS, and
other types of epidemics was 937,870 (255 studies), 5779
(18 studies), and 4128 (10 studies), respectively. This meta-
analysis covered data from 45 countries on six continents, with
122 studies investigating the prevalence of mental problems in
China, followed by Italy (n = 17), USA (n = 14), Turkey (n = 12), UK
(n=11), Iran (n=9), Spain (n=9), India (n=38), Brazil (n=25),
Saudi Arabia (n = 5), Korea (n = 5), Germany (n = 4), Mexico (n = 4),
Nepal (n =4), Singapore (n =4), Australia (n = 3), Canada (n = 3),
Pakistan (n = 3), Colombia (n = 2), Greece (n = 2), Ireland (n = 2),
Israel (n=2), Jordan (n=2), Oman (n=2), and UAE (n=2).
Albania, Argentina, Austria, Bahrain, Bangladesh, Belgium, Cyprus,
Ecuador, France, Guinea, Ibadan, Japan, Malaysia, Portuguesa,
Russia, Sri Lanka, Switzerland, Thailand, Vietnam, Zimbabwe each
had one study. Additionally, 7 studies performed surveys in
multiple countries. The mental health symptoms were assessed
based on scales in 280 studies, clinical diagnosis in 2 studies, and
both scales and diagnosis in 1 study. Supplement Table 3 provides
detailed information about these studies. Supplementary Table 4
presents the quality assessment of the included studies, with a
score ranging from 4 to 9.

Prevalence of depression, anxiety and insomnia during
epidemics across different populations

We pooled the prevalence of depression, anxiety and insomnia
symptoms in different populations using a random model (Fig. 2
and Supplementary Fig. S1). Although there was no significant
difference among different populations, there was some special
features of prevalence for the three symptoms. For depression,
university students reported the highest pooled prevalence
(43.3%, 95% Cl: [27.1-59.6]), followed by health workers (37.7%,
95% Cl: [33.5-41.8]), infected patients (37.2%, 95% Cl: [30.3-44.2]),
the general public (34.9%, 95% Cl: [31.7-38.0]), pregnant women
(27.8%, 95% Cl: [22.8-32.8]), and older adults (26.0%, 95% Cl:
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Fig. 2 Prevalence of depression, anxiety, and insomnia across different populations and types of pandemic.

[18.5-33.4]), survivors had the lowest prevalence (23.1%, 95% Cl:
[13.9-32.2]). For anxiety, pregnant women had highest anxiety
during epidemic 43.3%, 95% Cl: [23.3-63.3]), followed by health
workers (35.9%, 95% Cl: [31.5-40.3]), the general public (35.1%,
95% Cl: [32.1-38.2]), university students (34.8%, 95% Cl:
[23.5-46.1]), infected patients (34.3%, 95% Cl: [25.4-43.2]), and
survivors (28.5%, 95% Cl: [13.0-44.0]), older adults had the lowest
anxiety (25.0%, 95% ClI: [12.0-38.0]). For insomnia symptoms,
university students (58.4%, 95% Cl: [28.1-88.6]), infected patients
(54.1%, 95% Cl: [48.7-59.5]), and pregnant women (53.3%, 95% ClI:
[38.7-67.9]) reported higher insomnia during epidemic, followed
by survivors (40.1%, 95% Cl: [37.6-42.5]), and health workers
(39.3%, 95% ClI: [31.1-47.4]), the general public had the lowest
insomnia symptoms (29.7%, 95% Cl: [24.4-34.9]).

The prevalence of moderate-to-severe depression (24.0%, 95%
Cl: [17.6-30.6]) was highest in the university students and lowest
in health workers at 18.8% (95% Cl: [16.2-21.3]). The general
public had the highest prevalence of moderate-to-severe anxiety
(25.0%, 95% Cl: [23.0-28.0]), while the older adults had the lowest
prevalence (11.1%, 95% Cl: [6.3-15.9]). Moderate-to-severe insom-
nia had the largest prevalence in the health workers (21.1%, 95%
Cl: [14.4-27.8]) and infected patients (21.1%, 95% Cl: [16.7-25.5]).
Finally, the pooled prevalence of depression, anxiety and insomnia
in different types of epidemics also showed no significant
difference (Fig. 2 and Supplementary Fig. 2).

Time and regional distribution of prevalence of mental
problems during the COVID-19 epidemic

The prevalence of depression, anxiety and insomnia rose during
the COVID-19 epidemic among the general public (Fig. 3a-f),
health workers (Fig. 3g-i) and university students (Supplementary
Fig. S3a—d). In contrast, the prevalence of depression and anxiety
symptoms decreased during the COVID-19 epidemic among the
infected patients (Supplementary Fig. S3e-h). Although meta-
regression analysis showed no statistical significance.

The prevalence of depression, anxiety, and insomnia during the
COVID-19 epidemic across these populations within the different
countries is presented in Fig. 4 (general public and health workers)
and Supplementary Fig. S4 (university students, older adults,
infected patients, survivors and the pregnant women). Overall, the
prevalence of mental health problems during COVID-19 epidemics
varied from countries to countries.

Factors associated with depression, anxiety and insomnia
during epidemics

The factors associated with depression, anxiety and insomnia
during epidemics are presented in Fig. 5 and Supplementary Fig.
S5-7. Overall, females displayed a higher prevalence of all three
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mental health symptoms; participants who were less than 40 years
old or in the high-income level had a lower prevalence of
depression and anxiety; participants with a higher education level
displayed a lower prevalence of depression, while participants
who were not married or who had a habit of smoking had a higher
prevalence of depression. In addition, participants who drank also
displayed a higher prevalence of depression and anxiety. Other
strong associations were found in participants with physical and
mental disorders, with confirmed or suspected infection and their
colleagues or family members or those having close contact with
infected patients. More symptoms occurred in high epidemic rate
locations. Remaining home rather than returning back to work
during epidemics and quarantine experience were both asso-
ciated with greater risk of mental health symptoms. Finally, good
social support and high exercise frequency were both associated
with fewer mental health symptoms.

Publication bias and sensitivity analysis

The results of the sensitivity analysis revealed that the direction of
the results of the analysis did not change after excluding any
single study in studies with number over ten (Supplementary Fig.
S8). Supplementary Fig. S9 and Supplementary Table 6 showed
significant publication bias for the following six areas: 1.
moderate-to-severe insomnia in general public (p =0.016), 2-4.
moderate-to-severe depression (p=0.029), anxiety (p=0.019),
and insomnia during COVID-19 (p =0.012); 5. exposure risk (p =
0.014) and 6. frequency of exercise (p=0.020) in the risk of
depression. No significant publication bias was found for the other
reported risk associations.

DISCUSSION

This systematic review and meta-analysis provided comprehensive
quantitative estimates of depression, anxiety and insomnia burdens
of seven populations during large-scale infectious disease out-
breaks, including the COVID-19 pandemic. To our knowledge, this is
the largest and most wide-ranging analysis of its kind to date.
Findings indicated that mental health problems were common and
had substantial variation among the general public, health workers,
university students, older adults, infected patients, infected
survivors, and pregnant women. Furthermore, the different
populations showed specific mental health problems, such as the
main problem was depression and anxiety among university
students and health workers, pregnant women had the highest
anxiety rates, and university students and infected patients had
higher insomnia rates during epidemics. We further explored the
risk factors for the three mental health problems and found
associations of all three mental health symptoms with being female,
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Fig. 3 Meta-regression analysis of prevalence of general public’s and health worker’s depression, anxiety, and insomnia during COVID-
19 estimated by time. General public: (a) depression, (b) anxiety, (c) insomnia, (d) moderate-to-severe depression, (e) moderate-to-severe
anxiety, (f) moderate-to-severe insomnia; Health worker: (g) depression, (h) anxiety, (i) insomnia, (j) moderate-to-severe depression, (k) moderate-

to-severe anxiety, (I) moderate-to-severe insomnia.

and having physical disorders, psychiatric disorders, infection,
colleagues or family members infected, experience of frontline
work, close contact with infected patients, high exposure risk, highly
concerned about epidemics, and quarantine experience. Frequent
exercise and good social support were associated with lower risk for
all three mental symptoms. Our study indicated specific mental
health problems for different populations and suggested aspects of
a prevention strategy based on the risk factors analysis.

Different populations such as the general public, health
workers, university students, older adults, infected patients,
infection survivors, and pregnant women had a tendency but
not statistically significant difference in mental health problems,
suggesting these psychological problems are frequent during
epidemics and should be addressed. Overall, about one third of
the general public had the symptoms of depression, anxiety and
insomnia in this meta-analysis. Our results were consistent with
findings among several large sample cross-sectional studies that

SPRINGER NATURE

investigated risk factors for mental health symptoms during
COVID-19 [7, 14, 22-24], SARS [25-27], and other 21st century
epidemics [28-30]. Since we found significant emotional distress
occurs during public health crises, the importance of preventing
and treating mental health problems during the COVID-19
outbreak is clear.

Compared with the general public, health workers had a higher
risk for overall depression, anxiety and insomnia symptoms, but
displayed a lower risk for moderate to severe depression and
anxiety. These findings suggest that health workers are under
greater stress during epidemics, but have good command of
knowledge and coping strategies to help alleviate mental health
problems. Infected patients and the general public shared a
similar prevalence of mental problems, which seems paradoxical
since most infected patients were late-middle-aged adults,
perhaps the infected patients’ responses reflected our additional
finding that ORs for mental symptoms were lower in the older
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Fig. 4 Prevalence of general public’s and health worker’s depression, anxiety, and insomnia during pandemics across countries. General
public: (a) depression, range: 12.5% (Israel)-66.7% (Jordan); (b) anxiety, range: 23.9% (Saudi Arabia)-71.0% (United Arab Emirates); (c) insomnia,
range: 23.2% (China)-56.0% (USA); (d) moderate-to-severe depression, range: 3.5% (India)-36.3% (Australia); (e) moderate-to-severe anxiety, range:
10.9% (Japan)-72.1% (Malaysia); (f) moderate-to-severe insomnia, range: 5.7% (China)-42.0% (Columbia); Health worker: (g) depression, range:
22.5% (India)-78.0% (Jordan); (h) anxiety, range: 17.1% (India)-95.5% (Pakistan); (i) insomnia, range: 18.5% (Oman)-75.2% (Bahrain); (j) moderate-
to-severe depression, range: 5.3% (Spain)-47.1% (Turkey); (k) moderate-to-severe anxiety, range: 1.5% (India)-53.5% (Pakistan); (I) moderate-to-

severe insomnia, range: 8.3% (Italy)-24.4% (China).

than younger adults. In addition, a cohort effect may help explain
the phenomenon, considering the prevalence of mental symp-
toms was ascending among the general public, while decreasing
among infected patients, as effective treatments and questions
about vaccine efficacy rapidly evolved during the period of this
data collection about COVID-19. In this meta-analysis, university
students were generally composed of young adults, who have
been at high risk of mental health burdens generally during
epidemics, and they reported the highest rates of depression,
anxiety and insomnia among the seven types of populations.
Thus, stratified strategies should be applied to treat different
populations during epidemics [18, 31, 32].

The prevalence of mental health problems during COVID-19
were higher than SARS or other types of epidemics. The severe
symptoms caused by COVID-19 as well as wide-spread epidemic
information during COVID-19 may have led to the high prevalence
of these psychological problems. In contrast to SARS and other
epidemics, the COVID-19 virus also is more contiguous and spread
faster resulting in more mental symptoms among all populations.

Molecular Psychiatry (2022) 27:3214-3222

The prevalence of mental health symptoms rose during COVID-
19 among the general public, health workers, and university
students, while the prevalence of mental problems dropped
among the infected patients. The increased prevalence of mental
problems as COVID infections progressed could reflect the
elevated number of infected patients as well as a latency in
recognizing mental health problems, as the concerns about
physical infection and their sequels become more evident.
Moreover, increasing information about ongoing epidemics may
largely affect individuals’ mental symptoms. The decreasing
prevalence over time of mental symptoms among the infected
patients might could be explained by their recovery. In the
meantime, mental health problems were different among the
different countries in this meta-analysis, which could be postu-
lated by different cultures, severity of epidemic, and strategies
applied across countries.

The present study identified several population groups who
were likely to develop mental health symptoms. Participants who
were infected, or having colleagues or family members infected
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Fig. 5 Factors associated with depression, anxiety, and insomnia during pandemic.

had a higher risk for all mental health symptoms. The higher risk
of mental health symptoms among infected patients during an
epidemic may be attributable to their distressing circumstances,
physical pain, and adverse effects of medications that are used to
treat infections [33]. Participants with colleagues or family
members infected experienced more grief [34, 35], and worry
and concern about becoming infected themselves, may be
quarantined, and may feel stigmatized, all of which may
exacerbate psychological distress [36, 37].

Epidemic-related factors such as experience of frontline work,
close contact with infected patients or having high exposure risk
also increased risk for all three mental health symptoms. People
who work in high-risk environments often report more fatigue,
health worries, and fear [38]. Therefore, people may under-
standably feel a threat of becoming infected by being exposed to
general patients, thereby affecting their psychological well-being
[14, 39]. Being highly concerned about epidemics also increased
the risk for all mental health symptoms in this meta-analysis. As
earlier findings suggest, exposure to misinformation online can
trigger psychological distress [40, 41]. Quarantine experiences
were associated with all mental health problems, through
hampered access to basic supplies, disrupted information flow,
and increased fear and anxiety [15, 37, 42]. Additionally,
quarantine experiences also lead to social isolation and a sense
of loneliness, especially for geriatric populations who may be less
comfortable using online tools [43-45]. All of these epidemic-
related stressors might help explain quarantines association with
increased mental health risk.

In contrast with the risk factors mentioned above, factors such
as frequent exercise and good social support were associated with
lower risk for depression and anxiety symptoms [16]. Frequent
and high intensity exercise reduces inflammation, which may
further help relieve mental health symptoms [46]. Perceived
support from the social environment may help resist and
effectively cope with the risk factors related to mental health
[47]. Our results imply the necessity of exercise and good social
support during epidemics, when they may have positive
influences on mental health.

In addition, demographic characteristics and medical conditions
were associated with mental health symptoms. Participants with a
history of mental disorders displayed over three times higher risk
for depression and anxiety, and nearly twice as high ORs for
insomnia. The experience of epidemics, as a stress, may trigger or
exacerbate an individuals’ mental health problems and result in
the higher risk for all psychological symptoms [48]. The recent
findings also found a bidirectional association between COVID-19
and psychiatric disorders [49], implicating the necessity of
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monitoring mental health in individuals with psychiatric disorders
during epidemics [50]. Physical disorders also showed a higher risk
for mental health problems, which could be explained by
fundamental physical disorders and restriction of medical
assistance during epidemics [51-53]. Also, demographic charac-
teristics such as gender, age, income level, and drinking were
associated with two or three mental health symptoms. The results
implied stratified strategies should be developed to cope with
mental health problems during epidemics.

The current findings also have several limitations. First, the
electronic research was conducted before August 2020, and we
excluded studies examining outcomes beyond 6-months after
infection, thus we do not have findings reflecting after the acute
epidemic resolved. Second, mental health symptoms were based
on the respondents’ self-reports rather than clinical diagnoses.
Third, we preferentially investigated three relatively common main
outcomes during the pandemics, depression, anxiety, and insomnia;
however, other symptoms such as psychotic or cognitive impair-
ments from these stressful pandemics were not included.

Despite these limitations, this study provides useful information
for improving mental health in the face of future epidemics. More
immediately, COVID-19 is still a continuing threat for society, and
several key actions are needed to reduce COVID-19-related mental
health symptoms. First, the governments and authorities need to
address mental health symptoms, especially for those who are
vulnerable to pandemics. Second, proper public health education
with scientific-based information should be advocated. As
indicated in this meta-analysis, exercise and social support are
both effective ways to reduce negative emotions. Third, commu-
nity leaders and public health officials should maintain supervision
on and provide medical services for physically and psychologically
high-risk populations even after COVID-19 since long-lasting
impacts of epidemics may exist [39, 54].

CONCLUSION

In conclusion, this systematic review and meta-analysis specifically
focused on the pooled estimates of prevalence of mental health
problems during large-scale infectious disease outbreaks. The
prevalence of mental health symptoms was about one-third, and
moderate-to-severe mental health symptoms was present in about
one-fifth of the general public. Additionally, demographic char-
acteristics and medical conditions (e.g., female, physical disorders,
psychiatric disorders), as well as epidemic-related factors (e.g.
infection, having colleagues or family members infected, experience
of frontline work, close contact with infected patients, high
exposure risk, highly concerned about epidemics, and quarantine
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experience) were associated with increased prevalence of all three
mental health symptoms. In contrast, frequent exercise and good
social support were associated with lower risk for mental health
symptoms. Our findings may provide helpful information for policy
making through recognition of high-risk populations, and a
framework for designing for and improving population-specific
strategies to address mental health in infectious disease outbreaks.
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