
EClinicalMedicine 34 (2021) 100806

Contents lists available at ScienceDirect

EClinicalMedicine

journal homepage: https://www.journals.elsevier.com/eclinicalmedicine
Research Paper
An evaluation of the mental health impact of SARS-CoV-2 on patients,
general public and healthcare professionals: A systematic review and
meta-analysis

Peter Phiria,b,*, Rema Ramakrishnanc, Shanaya Rathoda, Kathryn Elliota, Tony Thayanandand,
Natasha Sandled, Nyla Haqued, Steven WH Chaue, Oscar WHWonge, Sandra SM Chane,
Evelyn KYWongf, Vanessa Raymontd, Sheena K Au-Yeungd, David Kingdong,
Gayathri Delanerolled

a Southern Health NHS Foundation Trust, Research and Development Dept., Clinical Trials Facility, Moorgreen Hospital, Southampton SO30 3JB, UK
b Primary Care, Population Sciences and Medical Education, Faculty of Medicine, University of Southampton, Aldermoor Health Centre, Southampton SO16 5ST, UK
c Nuffield Department of Women’s and Reproductive Health, University of Oxford, UK
d Oxford Brain Health Clinical Trials Unit, Department of Psychiatry, Warneford Hospital,University of Oxford, Oxford OX3 7JX, UK
eDepartment of Psychiatry, The Chinese University of Hong Kong, Hong Kong
f Department of Psychiatry, North District Hospital, Hong Kong
g University Department of Psychiatry, Academic Centre, College Keep, University of Southampton, UK
A R T I C L E I N F O

Article History:
Received 18 December 2020
Revised 5 March 2021
Accepted 5 March 2021
Available online xxx
* Corresponding author at: Southern Health NHS Fo
Development Dept., Clinical Trials Facility, Moorgreen
3JB, UK.

E-mail address: P.Phiri@soton.ac.uk (P. Phiri).

https://doi.org/10.1016/j.eclinm.2021.100806
2589-5370/© 2021 The Author(s). Published by Elsevier
A B S T R A C T

Background: The global impact of COVID-19 pandemic continues to affect the lives of billions of people with
recurrent waves. Healthcare systems are struggling to manage pre-existing patient care and recurring covid-
19 demands. As a result, we evaluated the mental health impact using systematic review and meta-analysis.
Methods: A comprehensive search was undertaken from April 2020 to 22nd January 2021 using multiple
electronic databases. A systematic review protocol was developed and published on PROSPERO registration;
CRD42020181481. A random-effects model was used to compute pooled estimates of anxiety, depression,
PTSD, insomnia and suicidal thoughts.
Findings: Our search yielded 11,295 studies and of those 287 met the inclusion criteria. The meta-analysis of
206 studies revealed minimal differences in prevalence of anxiety, depression, and PTSD among HCPs com-
pared with the public during the pandemic but higher prevalence of suicidal thoughts/ideation or self-harm
(11% vs 5.8%) and lower prevalence of wellbeing (28.2% vs 52.6%) among the public compared to HCPs.
Interpretation: The pandemic has led to a high mental health burden especially amongst HCPs and higher
suicidal ideation and lower wellbeing in general public which warrants further investigation and manage-
ment globally. These findings highlight an emerging critical public health issue that requires urgent solutions.
© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

The coronavirus disease 2019 (COVID-19) could be considered as
the most complex pandemic during the 4th industrial revolution. The
pandemic and lockdown has caused an unprecedented sense of fear
and anxiety across the globe. This catastrophic phenomenon has
resulted in both short- and long-term mental health (MH) and psy-
chosocial implications. A recent review reported adverse
psychological effects, which included post-traumatic stress (PTSD)
symptoms, confusion and anger to be some of the concerns associ-
ated with the current pandemic [1]. An abundance of cross-sectional
surveys have demonstrated a high prevalence of depression and anx-
iety. For example, Rathod and colleagues [2] reported from a three-
week analysis of their global survey, healthcare professionals
recorded a high proportion of mild depression and anxiety.

Prior to the COVID-19 pandemic, a staff survey conducted in the
UK’s National Health Service (NHS) in 2019 found 40.3% of healthcare
professionals (HCP) reported work-related stress in the previous 12
months that led to issues around wellbeing [3]. This proportion has
steadily been increasing, with the latest survey from 2020 stating
33% of frontline doctors and over a quarter of GPs are suffering from
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Research in context

Evidence before this study

Mental health impact associated studies exploring the impact of
SARS-CoV-2 have been lacking. The likelihood of these studies
increasing in the near future is limited, partly due to limited fund-
ing availability for mental health associated research in compari-
son to other clinical areas, as well as the recurring outbreaks
which demonstrates that the pandemic is still here and therefore,
the mental health impact is equally recurring. Previous systematic
reviews have reported primarily on mental health symptoms
using different methodologies that demonstrated limited evi-
dence based robustness that could provide better insight to clini-
cians, clinical researchers and policy makers.

Added value of this study

The added value of this study is based on the evidence based
methodology used in the context of a systematic review to evalu-
ate clinical outcomes in mental health. To our knowledge, previ-
ous systematic reviews and meta-analysis published do not focus
on the impact and array of mental health outcomes usingmultiple
cohorts.Whilst we obtained similar prevalence of anxiety, depres-
sion, PTSD, and insomnia among healthcare professionals and the
general public, a new development in this study is that there
appears to be higher prevalence of suicidal thoughts/ideation or
self-harm (11% vs 5.8%) and lower prevalence of wellbeing (28.2%
vs 52.6%) among the public compared to healthcare professionals
which had previously not been reported. As a result, the clinical
significance associated with anxiety, depression and PTSD provide
invaluable information to health care services in particular to
Mental Health care providers to plan clinical management strate-
gies short, medium and long-term.

Implications of all the available evidence

The prevalence varies between healthcare professionals,
patients and the public. However, a common theme that would
support global and national healthcare systems would be the
development of a mental healthcare strategy for pandemic-
related interventions/ treatments and service provision both
short, medium and long-term use.

Additionally, self-reporting and subsequent self-assessment
using digital interventions could provide support to both
patients and organizations to prepare for future pandemics,
given the most commonly reported symptomatologies appear
to be anxiety and depression. This has both research and clini-
cal implications for current and future patients, clinicians as
well as researchers.
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anxiety, depression, stress, emotional distress, occupational burnout
and/or other mental health conditions [4]. Therefore, it could be
hypothesized based on the current research data and clinician
reported outcomes, available, these conditions may have been
heightened during the pandemic.

The current psychological impact of frontline staff appears to be
similar to those recorded during the SARS outbreak in 2003 [5]. Wu
and colleagues [5] reported that 549 frontline HCPs of the SARS pan-
demic reported consistent PTSD symptomatologies over the course of
their 3-year study. Further literature has highlighted the COVID-19
pandemic is an event that is unmanageable and unfamiliar, increas-
ing the likelihood of individuals developing PTSD due to the trauma
experienced during this ongoing pandemic [6�8]. Exposure to trau-
matic disasters is not limited to pandemics, it also includes
alternative large scale disasters like the 9/11 attacks. An extensive
body of literature concluded that since the 9/11 attacks in the past
10 years reported that the prevalence of PTSD among individuals
who experienced a high level of exposure to 9/11 was significant [9].
This research coincides with the hypothesis that the greater “dose” of
trauma healthcare professionals face during the COVID-19 pandemic
leads to a greater adverse effect psychologically.

As per the current reports, COVID-19 first emerged in December
2019, when a cluster of patients with pneumonia of unknown cause
in Wuhan were recognized. Furthermore, it has been continuously
observed that a significant proportion of patients recovering from
severe COVID-19 disease may develop long term and persistent psy-
chological symptoms, either as direct result of the virus or as a result
of their experiences of the illness including trauma, treatment and
long-term health implications [10]. Some may also present with
varying degrees of communication and cognitive impairment [11]. It
is now widely recognized that respiratory symptoms of COVID-19
are extremely heterogeneous, ranging from minimal symptoms to
significant hypoxia with acute respiratory distress syndrome (ARDS)
[12] whilst the pathophysiology remains relatively unknown. The
definition of asymptomatic, mild, moderate, severe and critical is
summarized in Table 1.

A report from Wuhan mentioned that the time between the onset
of symptoms and the development of ARDS was as short as
nine days, suggesting that the respiratory symptoms could progress
rapidly [13]. Although, further research would need to be conducted
to evaluate these findings comprehensively, as there could be a MH
impact due ARDS as well. Current medical management is largely
supportive with no targeted therapy available as with any virus,
which remains dormant until the assimilation with the host. Several
drugs including lopinavir-ritonavir, remdesivir, hydroxychloroquine,
and azithromycin have been tested in clinical trials [14�15] although,
currently there is no evidence to suggest a definitive treatment strat-
egy. However, early interim analysis from these trials show initial
aptitude for immune-suppression [16]. To date several vaccines have
been approved globally for emergency treatment of the virus includ-
ing Oxford-AstraZeneca, Pfizer- Biontech, Moderna, etc. However,
the MH implications associated with the population pre and post vac-
cination for example remains unclear.

As of 22nd February 2021, SARS-CoV-2 has affected more than
219 countries resulting in 110,974,862 confirmed cases and 2460,792
deaths and 225,839 new cases [17]. A summary of prevalence and
mortality rates by country can be found in Table 2. However, caution
must be taken when interpreting this data as there are multi-factorial
deficits to the current published datasets with regards to incidence
and mortality reporting. These may not include primary, secondary
and tertiary care healthcare settings, as well as those that were unre-
ported due to mild symptomatology.

Whilst the current pandemic is the fifth documented within the
last few centuries, there have been many others prior to the most
recent outbreaks. But there has been a lag in both scientific theory
and evidence-based discussions around pandemics. Therefore, it is
critical to now try and understand the cognitive and psychological
impact of the virus, as well as the ‘real-world’ psychological impact
of the pandemic on healthcare professionals, patients and the general
public. This is especially so given the rapid spread of the pandemic,
pathogenicity, with antiviral treatments and vaccine development
rightly being the primary focus.

2. Methods

An evidence synthesis methodology was developed with a sys-
tematic protocol that was peer reviewed and registered with PROS-
PERO database (CRD42020181481) [67]. The reporting of the
systematic review and meta-analysis was conducted as per PRISMA
guidelines.



Table 1
Classification of COVID-19 symptomology.

Asymptomatic COVID nucleic acid test positive. Without any clinical symp-
toms and signs and the chest imaging is normal

Mild Symptoms of acute upper respiratory tract infection (fever,
fatigue, myalgia, cough, sort throat, runny nose, sneezing)
or digestive (nausea, vomiting, abdominal pain, diarrhea)

Moderate Pneumonia (frequent fever, cough) with no obvious hypox-
emia, chest CT with lesions

Severe Pneumonia with hypoxemia (SpO2 <92%)

Critical Acute respiratory distress syndrome (ARDS), may have shock,
encephalopathy, myocardial injury, heart failure, coagula-
tion dysfunction and acute kidney injury
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2.1. Search strategy and selection criteria

A comprehensive, systematic search was conducted for published
articles using multiple databases of PubMed, Proquest, EBSCOhost
and ScienceDirect from April 2020 to 22nd January 2021. Suitable
articles were selected in two stages using the PICO (Population/Par-
ticipants, Intervention(s), Comparison, Outcome) strategy. We
included studies comprising empirical, qualitative or quantitative
evidence on COVID-19 and mental health in the patients, general
public and healthcare professional population. We excluded editori-
als, commentary, letters to the editor, simple reviews and studies
that did not have the outcomes measures specified in the protocol.
Table 2
Prevalence and mortality rate of COVID-19 by country.

Country Mortality Rate Prevalence Rate Total COVID-19 Tests Definition

China 4641 84,780 Unavailable Not Provid

India 16,893 566,840 8.61 million Cases with

Italy 34,744 240,436 5.39 million Any death

Singapore 26 43,661 414,396 WHO guid

South Korea 282 12,800 1.25 million

Spain 28,355 249,271 3.64 million Cases with

United Kingdom 43,730 311, 965 7.33 million WHO Guid
COVID-1

England 39,187 160,587 2.29 million Deaths inc
they die

Scotland 2482 18,251 272,561 Deaths tha
prior to

Wales 1510 15,743 182,303 Deaths of h
nosis or

Northern Ireland 551 160,587 101,506 Deaths wh
or not CO

United States 126,140 2.59 million 32.31 million Fatality wh
Japan 972 18,593 461,446

New Zealand 22 1178 402,000

Canada 8566 103,907 2.68 million Numbers a

France 29,813 164,260 Unavailable

*Data up to 30th June 2020.
2.2. Study selection and data extraction

First, the title and abstract of each article were screened indepen-
dently by investigators (KE, TT, SA-Y). If there was a consensus that an
article was not suitable for inclusion the article was excluded. Next,
the full text articles were screened independently by two investigators
and included if all authors agreed. The following information was
extracted from all included studies, citation details, methods used to
establish processes and corresponding characteristics, key findings,
limitations and conclusions reported. Any differences of opinion or
quires were reviewed and resolved by (PP &GD). The authors were not
blinded with respect to the article’s authors or the journal in which it
was published. The investigators organized the articles into three cate-
gories, namely: healthcare professionals, patients and general public.
Two investigators extracted predefined clinical variables (summarized
in supplementary Table 1). Each variable was then inspected to under-
stand if it was a pre-existing condition, direct result of COVID, if treat-
ment was received and the symptomology. Investigators (GD& PP)
independently cross-checked data retrieved from each article as per
our refinement protocol (supplementary Fig. 1).
2.3. Risk of bias (quality) assessment

Majority of the studies included were cross-sectional. All litera-
ture retrieved were critically appraised on an individual basis using
common variables. Independent reviewers appraised methodological
quality and risk of bias according to the Newcastle-Ottawa Scale
(NOS) that has validity for use in cohort studies Wells et al. [18] and
of Mortality

ed

confirmed positive test for COVID-19 only. Not counting suspected cases

of patient with COVID-19 that has a death caused by COVID-19

elines followed

confirmed positive test for COVID-19 only

elines followed although Dept of Health specified definition used; fatality where
9 mentioned on death certificate.

luded if the deceased had a positive test for COVID-19, however long after the test
d.

t have been registered with a confirmed lab diagnosis of COVID-19 in the 28 days
death

ospital or care home residents where COVID-19 has been confirmed with a lab diag-
the clinician suspects this was the causative factor in the death

ere the deceased had a positive test for COVID-19 and died within 28 days, whether
VID-19 was the causative factor

ere COVID-19 mentioned on death certificate

re collated from different provinces which all have own methodologies.
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the adapted version by Modesti et al. [19] was used for cross-sec-
tional studies in meta-analyses. An eight item scale with three quality
parameters (i) selection, (ii) comparability and (iii) outcome. We
rated the quality of the studies (good, fair and poor) by allocating
each domain with stars in this manner:

� A Good quality score was awarded 3 or 4 stars in selection, 1 or 2
in comparability, and 2 or 3 stars in outcomes

� A Fair quality score was awarded 2 stars in selection, 1 or 2 stars
in comparability, and 2 or 3 stars in outcomes.

� A Poor quality score was allocated 0 or 1 star(s) in selection, 0
stars in comparability, and 0 or 1 star(s) in outcomes domain [18].
Following the application of the refinement protocol, 287 studies
were evaluated, and their full text was reviewed to confirm the inclu-
sion/exclusion criteria were met. The extraction of data had a specific
focus on highlighting variables reported within the studies and any
symptomologies reported within the three population groups,
namely: patients, HCPs and the general public, in addition to provid-
ing an overall scientific justification for the inclusion of each study.

2.4. Outcomes

The following outcomes were included in the meta-analysis based
on the availability of statistics reported by each study:

� Prevalence of anxiety, depression, PTSD, insomnia, suicidal
thoughts/ideation, or self-harm and wellbeing among HCP and
the public

� Prevalence of poor sleep quality and alcohol use among the public
� Clinical significance of the prevalence data identified
� Critical interpretive synthesis of common MH reported outcomes
amongst HCPs and the general public

The outcomes for patients could not be synthesized for the meta-
analysis; therefore, these are presented as narrative review only.

2.5. Statistical analysis

Estimates for studies that reported median and interquartile
range were converted to mean and standard deviation before meta-
analyses [20]. For studies that reported only mean (SD) or median
(IQR) and no prevalence we employed Monte Carlo simulations to
estimate the prevalence based on appropriate cut-off points for the
tool used to measure the outcome. For this we assumed normality of
the distribution. For each outcome, if a study reported estimates for
multiple groups of healthcare professionals or the public, we com-
bined these estimates into one estimate for that study. A random-
effect model was used to estimate pooled estimate of prevalence. We
used the I2 statistic to assess heterogeneity between the studies; val-
ues of 25%, 50%, and 75% were used to categorize the degree of het-
erogeneity into low, moderate, and high, respectively [21]. We
investigated sources of heterogeneity by conducting stratified analy-
ses by mean/median age (�30 years vs >30 years), country, outcome
measurement tool, and study quality. We also conducted sensitivity
analyses by estimating the pooled prevalence after removal of studies
for which the prevalence was calculated from simulations. Publica-
tion bias was assessed using visualization of funnel plots and Egger’s
test for estimates with a sample size �10. We constructed funnel
plots by study quality to examine if it contributed to publication bias.
Meta-analyses were conducted using STATA version 14.0 (StataCorp,
College Station, TX, USA). Statistical testing was conducted at a two-
tailed alpha level of 0.05.
2.6. Role of funding

KE, GD, and PP are supported by National Institute for Health
Research (NIHR) Research Capability Funding (RCF) and by Southern
Health NHS Foundation Trust and Oxford Brain Health Clinical Trials
Unit. All of the study sponsors had no further role in the study design,
data collection, analysis and interpretation of data; in the writing of
the report and in the decision to submit the paper for publication.
3. Results

3.1. General characteristics

Our comprehensive literature search undertaken on April 2020
(up to 22nd January 2021) identified 11,295 articles of these
(n = 287) met the inclusion criteria as shown in Fig. 1. Detailed
descriptions of the studies included in this review are displayed in
STable 1. This also includes provides NOS quality assessment scores
of included studies.
3.2. Meta-analysis

For the meta-analysis we included 206 studies (83 in healthcare
professionals, 134 among the public, and 11 studies in both these
populations) with a sample size of 721,244 and mean/median age
ranging from 15.3 to 71 years. About a third of the studies was con-
ducted in China (n = 62) followed by U.S.A. (n = 18), the U.K. (n = 16),
and Italy (n = 15) and nine were multinational.

There were 69, 66, 19, 17, four, and three studies included in the
meta-analysis with prevalence data of anxiety, depression, PTSD,
insomnia, suicidal thoughts/ideation or self-harm, and wellbeing
among healthcare professionals, respectively. There were 102 studies
included for anxiety, 105 for depression, 19 for PTSD, 14 for insomnia,
six for poor sleep quality, ten for suicidal thoughts/ideation or self-
harm, nine for wellbeing, and 11 for alcohol use among the public.
There were 13 studies that reported mental health outcomes in
patients; however, none of these could be harmonized or the number
of studies for an outcome was too small for a meta-analysis.

Among healthcare professionals, the pooled prevalence of anxiety
was 21.9% (95% CI: 18.7�25%) (Fig. 2) whereas this estimate was
22.4% (95% CI: 19.8 � 25%) among the public (Fig. 3). The estimates
for depression were 23.4% (95% CI: 20.6�26.3%) (Fig. 4) and 22.6%
(95% CI: 20.0�25.1%) (Fig. 5) among healthcare professionals and the
public, respectively.

The prevalence for PTSD was 25.0% (95% CI: 18.9�31.2%) (Fig. 6A)
for healthcare professionals whereas among the public this estimate
was marginally lower at 23.2% (95% CI: 10.5�35.9%) (Fig. 6B). There
was minimal difference in the prevalence of insomnia among health-
care professionals and the public (24% vs 23%) (SFig. 1A and B). In
addition to this, about 39% of the public reported poor quality of sleep
that was mostly measured using the Pittsburgh Sleep Quality Index
(PSQI) questionnaire (SFig. 2). The prevalence of suicidal thoughts/
ideation or self-harm was 11% (95% CI: 6.4�15.7%) among the public
(SFig.3B) whereas among healthcare professionals the estimate was
5.8% (95% CI: 4.7� 7.0%) (SFig. 3A). The prevalence of higher wellbe-
ing was higher among healthcare professionals (52.6%, 95% CI: 43.8�
61.4%) (SFig. 4A) whereas among the public the prevalence was 28.2%
(16� 40.4%) (SFig. 4B). There was minimal difference in the preva-
lence of alcohol use among the public for increased (22.9%) and
decreased (21.7%) alcohol use but the prevalence for no change in
alcohol use was high at 52% (SFig.5).

The heterogeneity was high for all outcomes included in the
meta-analysis.



Fig. 1. PRISMA Chart.
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3.3. Sensitivity and subgroup analysis

We were able to conduct sub-group analysis by mean/median age
(�30 years vs >30 years) for prevalence estimates of anxiety, depres-
sion, PTSD, and insomnia among healthcare professionals and the
public. These analyses found insufficient evidence for heterogeneity
by mean/median age for prevalence estimates of anxiety, depression,
PTSD, and insomnia among healthcare professionals (SFigs. 6, 8, 10,
and 12). Among the public there was insufficient evidence to explain
heterogeneity by mean/median age groups for anxiety and insomnia
(SFigs. 7 and 13). However, there was evidence for heterogeneity by
mean/median age (�30 years vs >30 years) for depression (P value
heterogeneity: 0.003) and PTSD (P value heterogeneity: 0.04) estimates
(SFigs. 9 and 11). The prevalence of depression among the public was



Fig. 2. Forest plot of prevalence of anxiety among healthcare professionals. Note: aPrevalence calculated frommean and standard deviation using Monte Carlo simulation.
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greater for �30 years age group compared to >30 years age group
(31% vs 18.4%) (SFig.9). Similarly, the prevalence of PTSD was higher
among �30 years compared to >30 years (49% vs 12.8%) (SFig. 11).

The analyses by country found insufficient evidence to explain the
high heterogeneity found in the meta-analysis for anxiety and
depression among healthcare professionals (SFigs. 14 and 16) and
anxiety among the public (SFig.15). However, it revealed significant
heterogeneity by country of study (P value heterogeneity: <0.0001)
(SFig. 17). For prevalence estimates of PTSD and insomnia there were
insufficient number of studies to conduct stratified analyses, but



Fig. 3. Forest plot of prevalence of anxiety among the public. Note: aPrevalence calcu-
lated frommean and standard deviation using Monte Carlo simulation.
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inclusion of studies conducted only in China found little difference in
the prevalence of PTSD and insomnia among healthcare professionals
in China (SFigs.18 and 20) the estimates from the main meta-analy-
sis. However, among the public studies conducted solely in China has
a lower prevalence of PTSD and insomnia compared the estimates
from the main meta-analysis (19.8% vs 23.2% for PTSD and 18.7% vs
23% for insomnia) (SFigs.19 and 21).

The analyses stratified by measurement tool for anxiety, depres-
sion, and PTSD among healthcare professionals and the public did
not find sufficient evidence for heterogeneity (SFigs. 22, 23, 24, 25,
26, and 27).

The high heterogeneity persisted in the sensitivity analyses that
were conducted after removal of studies in which prevalence was
computed using simulations of reported mean/median and SD/IQR
(SFigs. 28, 29, 30, 31, 32, 33, 34, 35). There was not much difference
in the prevalence of anxiety, depression, PTSD, and insomnia among
healthcare professionals and anxiety and depression among the pub-
lic for meta-analyses that included original prevalence estimates and
meta-analyses that included both the original and simulated esti-
mates. However, the prevalence was lower in the analysis that
included only original prevalence estimates for PTSD (17.1% vs 23.2%
for both original and simulated estimates) (SFig. 33) and higher for
prevalence of insomnia (28.2% vs 23% for both original and simulated
estimates) among the public (SFig. 35).

Stratified analyses by study quality revealed that lower preva-
lence of anxiety among healthcare professionals for good quality
studies (15.6%) (SFig. 36) and significant heterogeneity between good
and fair quality studies (Pheterogeneity =0.01). Among the public, there
was minimal difference in the prevalence of anxiety (fair quality:
23.8% vs good quality: 20.2%); however, study quality could not
explain the heterogeneity between the studies (Pheterogeneity =0.18)
(SFig. 37). For depression, there was not much difference in the prev-
alence by study quality among healthcare professionals (SFig. 38) and
the public (SFig. 39) with no evidence for heterogeneity by study
quality.

3.4. Publication bias

We were able to assess publication bias for prevalence of anxiety,
depression, PTSD, and insomnia among both healthcare professionals
and the public and alcohol use among the public. Visual inspection of
funnel plots indicated publication bias for all these analyses (SFigs.
40, 41, 42, 43, 44, 45, 46, 47, and 48). Egger’s test found evidence for
publication bias for prevalence estimates of anxiety (bias (SE): 12.8
(2.6), p <0.0001), depression anxiety (bias (SE): 11.6 (2.1), p
<0.0001), PTSD anxiety (bias (SE): 14.4 (5.4), p = 0.02), and insomnia
anxiety (bias (SE): 21.3 (6.7), p <0.01) estimates among healthcare
professionals. Among the public, Egger’s test suggested publication
bias for anxiety (bias (SE): 12.6 (4.1), p <0.0001) and insomnia (bias
(SE): 13.8 (5.4), p = 0.03) estimates but not for depression (bias (SE):
7.2 (3.7), p = 0.053) and PTSD (bias (SE): 17.9 (18.9), p = 0.36) esti-
mates.

When we examined publication bias by study quality, we found
publication bias for studies that were deemed fair and included in
the prevalence estimate of both anxiety and depression among the
public but not for good quality studies (SFigs. 50, 52). Among health-
care professionals, the publication bias persisted for both good and
fair quality studies (SFigs. 49, 51).

3.5. Studies among patients

There were three studies that reported anxiety among COVID-19
patients [22�24]. Hao et al. reported mean (SD) DASS-21 of 6.6 (9)
among psychiatric patients and 1.5 (2.7) among healthy controls.
Hamm, [24] reported mean PROMIS-anxiety of 57.5 (8) among older
adults with MDD. Zhang et al. reported mean GAD-7 score of 10.8
(1.2) among patients of mean age of 42.5 years [22].Three studies
reported mean depression scores � Hao et al. reported mean DASS-
21 of 8.3 (10.3) among psychiatric patients and 2.2 (3.5) among
healthy controls. Hamm et al. reported mean depression score of 8.7
(5) using PHQ-9 among older adults with MDD. Zhang et al. reported



Fig. 4. Forest plot of prevalence of depression among healthcare professionals. Note: aPrevalence calculated frommean and standard deviation using Monte Carlo simulation.
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mean PHQ-9 score of 11.7 (1.4). Two studies [22�23] reported
insomnia among COVID-19 patients using ISI. Hao et al. found a
mean score of 10.1 (7.2) among psychiatric patients and 4.6 (4.0)
among healthy controls whereas Zhang et al. found a mean ISI score
of 8.7 (1.9) among 30 COVID-19 patients. Other outcomes that were
reported among patients were sleep quality, suicidal behavior,
COVID-induced psychosis, and death by suicide. Muruganadam [25],
reported disturbed but manageable sleep among 26.5% patients and
disturbed but unmanageable sleep among 11.4% patients. Xiao [26],
reported mean PSQI score of 8.5 (4.5) among 170 patients. Mamun
[27], Griffiths [28], reported suicidal behavior among 12 and six
patients, respectively, whereas Bhuiyan [29], reported eight deaths



Fig. 5. Forest plot of prevalence of depression among the public. Note: aPrevalence cal-
culated frommean and standard deviation using Monte Carlo simulation.
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by suicide among COVID-19 patients. Three patients who presented
to the emergency medical services with new-onset psychotic symp-
toms reported COVID-induced psychosis [30].

Synthesizing qualitative studies is growing momentum [31].
Given our large number of cross-sectional studies we used thematic
synthesis to identify key themes from included studies. Table 3
provides a list of key emergent themes and in which groups they
were prevalent.
4. Discussion

In this systematic review and meta-analysis, we found similar
prevalence of anxiety, depression, PTSD, and insomnia among health-
care professionals and the general public, but higher prevalence of
suicidal thoughts/ideation or self-harm (11% vs 5.8%) and lower prev-
alence of wellbeing (28.2% vs 52.6%) among the public compared to
healthcare professionals indicative of impact of the pandemic on
both physical and mental health of these cohorts. However, in most
studies, different rating scales were used to confirm symptoms
thereby preventing MH outcomes to be unilaterally confirmed due to
the subjectivity the reporting may include. Furthermore, it was gen-
erally unclear if any clinical diagnoses were made which could have
unreported clinical implications that is difficult to predict. In relation
to HCPs, it remains unclear if these were both frontline and non-
frontline staff. Similarly, a breakdown of the staffing categories were
not reported, this would be vital for both clinical and service delivery
decision making associated with occupational burnout, resources and
meeting capacity to demand would be based on some of these fac-
tors.

Based on the findings, it appears, the general public may have had
challenges with their mental health. However, it remains to be seen
those who contracted COVID-19 versus those who didn't and the
mental health implications across these 2 groups. Similarly, it
remains unclear, of the general public that took part in these studies,
those who were tested for covid-19 with a negative result versus the
opposite as this would further alter the clinical significance and
implications surrounding the mental healthcare needs. Since most
cross-sectional studies included in this study do not appear to have
longitudinal data, this further purports the need for comprehensive
longitudinal research to be conducted to evaluate the long-term MH
impact of COVID-19 on patients, HCPs and the general public as well
as the healthcare systems. Equally, it would be important to under-
stand any potential comorbidities associated with the HCPs, patients
and the general public, as these underlying conditions could further
exacerbate the MH impact determined. As a result, it could be said, a
bi-directional relationship could exist between the reported as well
as perceived MH impact and the psychosocial dynamics that could
influence even cultural paradigms that are deterrents of social con-
structs.

These findings show some consistency with several other system-
atic reviews and editorials published. Three systematic reviews pub-
lished reports on the prevalence of anxiety and depression within
the general public [32�34] which are the two most common indica-
tors of psychological impact reported in our systematic review. The
prevalence rate of anxiety and depression symptoms was 33% and
28%, respectively, in Luo et al. [32] and 31.9% and 33.7% in Salari et al.
[33], with these findings being consistent with the current systematic
review that indicated a pooled prevalence of 22.4% for anxiety and
22.6% for depression in the general public. Furthermore, all quantita-
tive studies included in Luo et al. review were cross-sectional surveys
or cohort studies, which is consistent with the type of publications
included within the current systematic review. However, the review
[34] showed noticeable variation in the prevalence of anxiety ranging
from 6.33 to 50.9% and depression ranging from 14.6% to 48.3%. The
variation in prevalence rates from across the 19 studies included
could have been due to the various measurement scales used, plus
also potential cultural differences towards mental health and report-
ing patterns. An additional review by Sheraton et al. [35] reported
higher incidence of insomnia within healthcare professionals during
COVID-19 which is similar to the reports of insomnia in the health-
care professionals included in this current review. However, this



Fig. 6. Forest plot of prevalence of post-traumatic disorder among (A) healthcare professionals and (B) the public. Note: aPrevalence calculated from mean and standard deviation
using Monte Carlo simulation.
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review consisted of only 14 publications and was not specific to men-
tal healthcare professionals.

Our review found consistently higher levels of distress in health-
care workers and echoes studies such as Rathod et al. [2] where data
Table 3
Themes.

Themes

General Public (n = 60%)

Anxiety ++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++
++++++++++++++++

Depression ++++++++++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++++++

Sleep disruption/quality +++++++++++++++++++++++++
PTSD +++++++++++++++++++++++
Insomnia ++++++++++++
Well-being ++++++++++++++
Suicide/Suicidal behavior +++++++++++++++
Stress ++++++++++
Alcohol consumption ++++++++++
Physical Activity +++++++
Substance Abuse ++++
Fear ++++
OCD ++++
Gender Differences ++++
Loss of work +++
Psychotic Symptoms +
Isolation ++
Psychosis +
Persecution
Risk Perception +
Headache
Overwhelming Workload
Quality of Life
Life Stressors
Disgust +
Knowledge surrounding COVID-19
Murder-suicide +
Starvation +
Psychosis post COVID infection
Economic Status +
Social Support +
Infodemia +
Rumination +
Diet +
Trauma
Religion +
Workplace violence
gathered over a 3 week period demonstrated a comparison of HCPs
and non-HCPs self-reporting higher proportion of mild depression
and anxiety. A snapshot to the current psychological state of HCPs of
similar increases in the prevalence rate of depression, anxiety and
Population Groups

Healthcare Professionals (n = 35%) Mental Health
Patients (n = 5%)
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+++

+++++++++++++++++++++++++++++++++++
+++++++++++++++++++++++++++++++++++++

++++++

+++++++
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sleep disturbances has been provided by Ho et al. [36] and Ali et al.
[37].

It is evident, the imperative role of the global healthcare systems
are playing in trying to maintain high quality care levels to patients
and the general public. As a consequence of this, HCP’s own MH and
wellbeing has been impacted negatively. To resolve this, several hos-
pitals for example in China that were greatly impacted by COVID-19
implemented a three-staged method to care for the psychological
wellbeing of staff. The approach involved development of online
courses, a hotline team that provided supervision and guidance to
callers with psychological problems, and interventions that aim to
alleviate stress [38]. Similar approaches could be used by other
healthcare systems. Acceleration of digital platforms and tele-psychi-
atry due to the pandemic provide opportunities to adapt more pan-
demic preparedness interventions and services including popular
health apps to combat the combat the surge in mental health prob-
lems. Two apps support by UKRI through the Industrial Strategy Chal-
lenge Fund, Sleepio and Daylight apps are specific for NHS workers
designed to maintain sleep efficiency, reduce anxiety symptoms and
to address mental health issues by providing healthcare workers evi-
dence-based techniques [39�40].

It is equally important to use a ‘lessons learnt’ approach, for exam-
ple with previous studies outbreaks such as the severe acute respira-
tory syndrome (SARS) and Middle East respiratory syndrome (MERS)
that showed adverse psychological impacts on HCPs. Their MH out-
comes were high levels of anxiety, depression, and stress that
resulted in many HCPs having post-traumatic stress disorder
[41�42]. These findings have a direct correlation with another recent
study exploring the impact of COVID-19 that highlighted a consider-
able proportion of HCPs in China experiencing a high level of anxiety
and depression, insomnia and psychological distress [43]. The meta-
analysis of this study further affirms these findings. HCPs in locations
affected by pandemics are prone to symptoms of anxiety and depres-
sion long term [44]. It is unclear whether these findings are generaliz-
able to the UK for example, but it is worth considering conducting
research to implement any preventative strategies for future popula-
tions.

Based on our thematic and narrative synthesis, patients admitted
to critical care for example, with ARDS experienced higher levels of
anxiety (40%), depression (30%) and PTSD (20%) symptomatologies
[45]. This is asserted by Bauerle and colleagues [46] study that dem-
onstrated similar findings along with psychological stress within the
general population. Another recent survey of patients which com-
pared those with a previous history of a mood disorder with those
with no previous or current mental disorders found that psychologi-
cal distress was elevated, with the highest level of depression and
stress in those with bipolar disorder [47]. On the other hand, psycho-
sis and recurrence of more longstanding MH problems are rarer
based on current data. Sleep disturbance is common in critically ill
patients up to 12 months after hospital discharge, with prevalence
ranging between 10 and 60% at six months [48] although this associa-
tion in the current pandemic can only be hypothesized given the lack
of data available. Both subjective and objective studies, however, sug-
gest that sleep disturbance improves over time. Although, this cross-
sectional work will require further elaboration in longitudinal studies
to confirm the generalizability of these findings.

Additionally, social media in general has inevitably created fear
and stress around being infected by COVID-19. Whilst, this could
impact those with existing MH disorders significantly, obsessive
compulsive disorder (OCD) patients in particular, have had an
increase in the symptomatologies since the start of lockdown. In par-
ticular, those who displayed contamination symptomatologies prior
to the start of the pandemic experienced a worsening during lock-
down [49]. It is further reported, people living with schizophrenia
could be at increased risk due to a potential lack of insight and poorer
decision-making abilities, which could result in difficulties adopting
necessary protective measures [50]. This could attribute to an
increase in covid-19 incidence and/or transmission rates. Therefore,
considerations should be made to preventing relapse or worsening of
symptomatologies in those with MH disorders if lockdown and/or
self-isolation measures are introduced in the future. Strategies such
as remote monitoring of symptomatologies using tele-psychiatry
method for example could be useful. Additionally, the use of online
psychological intervention tools may be of benefit to those with acute
mental wellbeing issues although, where possible, clinicians could
provide recommendations for those with an existing clinical diagno-
ses as well [51]. Undoubtedly, some patients may prefer face to face
appointments to remote consultations, whilst others may find the
reduced wait and travelling time to be advantageous [52]. Between
consultations, text messaging has been found to be an effective way
of improving engagement with clinical services [53] and may be use-
ful for HCPs in particular to consider in the current climate.

Another facet to consider are patients recovering from COVID may
have ongoing difficulties with any of their daily activities, including
personal care, domestic tasks, leisure activities and instrumental
activities of daily living [54] which could impact their MH. Based on
the evidence of this study, there appears to be a lack of data associ-
ated with this aspect and is a knowledge gap that should be
addressed by way of conducting research that could include these
participants as well.

The evidence indicates that there are a number of unilateral men-
tal health issues to consider and therefore, healthcare systems would
need to manage their capacity to demand with caution. MH provision
remains a challenge for example in the UK, where the NHS has had
various challenges to cater to growing demand. Whilst improvement
in MH services are a priority as reported in the NHS long-term plan
in the UK, the inadvertent impact of the pandemic would only foster
a sense of urgency to address the service issues [55]. Depression and
anxiety affect 15�20% of the adult population at any one time and
has huge personal and economic burden [56] and a major contributor
to suicide [57]. It is evident that the pandemic has exacerbated the
presentation of these issues. Although the current pandemic repre-
sents a national and global challenge, it also presents opportunities
for how the NHS and other healthcare systems initiate better ways to
deliver critical care and interventions remotely where possible, and
bringing forth a new era in healthcare access. Use of tele-psychiatry
and its effectiveness [58] in the UK in particular, warrants further
investigation [59] to curb future pandemics. When considering the
psychological impact on HCPs and frontline staff, it is crucial for
novel psychological interventions to become more adaptable for use
in digital platforms such as virtual and augmented reality (VR/AR)
[60�63] for ease of access by a busy clinical workforce. With serious
workforce shortages currently in global MH services in particular,
further resource losses should be prevented. Therefore, the findings
from this review should inform policy, training and service develop-
ment and implementation to move towards a more integrated care
model.

To our knowledge, this is the first systematic review and meta-
analysis to examine the psychosocial and MH impact taking into con-
sideration, physical symptomatologies as well across 3 cohorts. The
number of studies that met the eligibility criteria for inclusion into
the meta-analysis was relatively low, although a total of 103,097 sub-
jects were involved in the current review. This does provide a much
higher N and demonstrates a statistical significance prompting a call
for further longitudinal research to be conducted. We conducted a
thorough literature search in several databases, and the results of the
current systematic review reinforce the high relevance and impor-
tance of considering MH outcomes across various cohorts when
developing clinical and public health measures. The extraction of
information from each study adhered to the refinement protocol,
with this current review being the only study thus far during the pan-
demic to utilize such a method.
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This review does not come without certain limitations. Firstly, all
the quantitative studies included were cross-sectional with very lim-
ited follow-up, if any. Due to the cross-sectional nature of the
included studies, there would only be a limited comparison of results.
In addition, the studies included within the current review use a vari-
ety of instruments to measure the psychological impact of COVID-19
on specified variables (e.g. depression and anxiety, among others).
None of the studies conducted in-person surveys and standardized
clinical interviews to diagnose participants; therefore, there remains
a question whether subjects had sub-threshold symptomatologies
and/or clinically diagnosed disorders. A variety of instruments were
used to measure anxiety and depression among the public, whereas
among HCPs, anxiety was mainly measured using GAD-7 and PHQ-9
was used for depression. This could be a factor in the differences seen
in the prevalence estimates between these populations. We were
also limited by the number of studies that could be included in the
subgroup analysis. Moreover, the variation in countries where the
studies were conducted was limited. Due to the outbreak of COVID-
19 being observed first in China, 48% of the studies include originated
from there. Also, with the inclusion of studies solely written in the
English language, this may have introduced further publication bias.
Another limitation is that due to the inability to synthesize evidence
from studies that reported mental health outcomes among COVID-19
patients, comparisons were not possible between the outcomes
among patients and healthcare professionals and the public. Finally,
even though we conducted sensitivity analyses to examine sources of
heterogeneity by age, country, outcome measurement tool, study
quality, and after removal of studies in which prevalence was com-
puted using simulations of reported mean/median and SD/IQR we
found insufficient evidence to explain this high heterogeneity. The
only exceptions being age as a significant predictor of heterogeneity
for depression among the public and study quality for anxiety among
healthcare professionals. A possible reason for the high heterogeneity
is that these estimates are for healthcare professionals as a whole and
the general public in total. However, healthcare professionals consist
of a group of individuals from different professions and occupations.
Similarly, members from the public are comprised of individuals
from different backgrounds, living and working in different environ-
ments, and having a wide range of physical, mental, and emotional
health. Additionally, there may be methodological differences
between the studies that we were unable to investigate. Though we
used random effects models to pool the estimates of prevalence the
presence of such high heterogeneity indicates that the results from
the meta-analysis should be interpreted with caution.

The direct and indirect psychosocial impact of the Covid-19 pan-
demic is evident and could have long-term effects, more so in light of
long COVID [64]. Whilst the prevalence of the MH symptomatologies
and their exacerbation enforces a MH impact, these could be different
in various sub-groups and there could be underlying mechanistic
triggered responses as a result of exposure to the direct and indirect
effects of COVID-19 may including adverse effects on brain function
as suggested by Holmes and colleagues [65]. The requirement for dis-
tinguishing the difference between symptomatologies and diagnosed
conditions should be considered as a priority for future research con-
ducted to determine the MH impact due to COVID-19. The require-
ment for distinguishing the difference between symptomatologies
and diagnosed conditions should be considered at the time of design-
ing the study and reporting the results as well as the publication
stage by all parties involved. Given the significant impact of COVID
on Black, Asian Minority Ethnic (BAME) groups [66], studies explor-
ing role of ethnicity are warranted. Additionally, core outcome-based
reporting methods should be considered by researchers as this would
aid in interpreting the data in a unified manner in the future. Further-
more, researchers, funders and policy makers should deploy studies
to evaluate the psychosocial and neuroscientific effects of the pan-
demic using longitudinal studies to mobilize better infrastructure to
manage infection and lockdown for healthcare professionals, patients
and the general public. Whilst it is important to propose frameworks
and policies for prioritization of developing this research further, it is
vital to have multidisciplinary approaches to effectively address the
ongoing and future mental healthcare needs of the global population.
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