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History for some or lesson for all? A
systematic review and meta-analysis on the
immediate and long-term mental health
impact of the 2002–2003 Severe Acute
Respiratory Syndrome (SARS) outbreak
Steven W. H. Chau1,2* , Oscar W. H. Wong1, Rema Ramakrishnan3, Sandra S. M. Chan1, Evelyn K. Y. Wong4,
Pinky Y. T. Li1, Vanessa Raymont5, Kathryn Elliot6, Shanaya Rathod7, Gayathri Delanerolle5 and Peter Phiri6,7

Abstract

Background: The aims of this systematic review and meta-analysis are to examine the prevalence of adverse
mental health outcomes, both short-term and long-term, among SARS patients, healthcare workers and the general
public of SARS-affected regions, and to examine the protective and risk factors associated with these mental health
outcomes.

Methods: We conducted a systematic search of the literature using databases such as Medline, Pubmed, Embase,
PsycInfo, Web of Science Core Collection, CNKI, the National Central Library Online Catalog and dissertation
databases to identify studies in the English or Chinese language published between January 2003 to May 2020
which reported psychological distress and mental health morbidities among SARS patients, healthcare workers, and
the general public in regions with major SARS outbreaks.
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Results: The literature search yielded 6984 titles. Screening resulted in 80 papers for the review, 35 of which were
included in the meta-analysis. The prevalence of post-recovery probable or clinician-diagnosed anxiety disorder,
depressive disorder, and post-traumatic stress disorder (PTSD) among SARS survivors were 19, 20 and 28%,
respectively. The prevalence of these outcomes among studies conducted within and beyond 6months post-
discharge was not significantly different. Certain aspects of mental health-related quality of life measures among
SARS survivors remained impaired beyond 6 months post-discharge. The prevalence of probable depressive
disorder and PTSD among healthcare workers post-SARS were 12 and 11%, respectively. The general public had
increased anxiety levels during SARS, but whether there was a clinically significant population-wide mental health
impact remained inconclusive. Narrative synthesis revealed occupational exposure to SARS patients and perceived
stigmatisation to be risk factors for adverse mental health outcomes among healthcare workers, although causality
could not be determined due to the limitations of the studies.

Conclusions: The chronicity of psychiatric morbidities among SARS survivors should alert us to the potential long-
term mental health complications of covid-19 patients. Healthcare workers working in high-risk venues should be
given adequate mental health support. Stigmatisation against patients and healthcare workers should be explored
and addressed. The significant risk of bias and high degree of heterogeneity among included studies limited the
certainty of the body of evidence of the review.

Keywords: SARS, Infectious disease, Mental health, Post-traumatic stress disorder, Healthcare workers, Covid-19

Background
SARS-CoV-2 has taken the world by storm in a matter
of months. While the virus is undoubtedly highly trans-
missible, another major contributing factor to the cata-
strophic development of the resulting covid-19
pandemic was the lack of preparedness to battle such a
disease. While efforts to contain the virus continue, the
collateral damage of this battle on other health-related
measures cannot be overlooked. The direct impact of
covid-19, as well as social distancing and quarantine
measures imposed as a response to the disease, has re-
sulted in the widespread concern that a concurrent men-
tal health crisis is inevitable [1]. Emerging data have
shown that the immediate mental health impact on pa-
tients and healthcare workers is indeed significant [2–4].
The latest data from Wuhan, the first epicentre of the
outbreak, shows that up to one-fourth of patients suf-
fered from sleeping difficulties, anxiety or depression 6
months after being infected with covid-19 [5]. Prepared-
ness for the likelihood of a massive increase in the long-
term global mental health burden therefore requires ur-
gent attention.
The Severe Acute Respiratory Syndrome (SARS) out-

break in 2002–2003, while being much more geograph-
ically confined and resulting in far less fatalities [6],
shares important features with covid-19: (i) both were
caused by a novel, contagious and lethal coronavirus
capable of causing severe respiratory distress; (ii) both
resulted in widespread nosocomial transmission and
substantial morbidities among healthcare workers even
in the most advanced healthcare systems; and (iii) af-
fected regions imposed rigorous population-wide re-
strictive measures as a response to contain both viruses

[7, 8]. Knowledge about the mental health impact of
SARS may thus provide valuable insight into what we
can expect in the aftermath of covid-19, which is vitally
important for preparedness planning prior to the emer-
gence of long-term data from covid-19 itself.
The key research questions of the review are twofold.

First, among SARS patients, healthcare workers, and in
the general public in regions of outbreak, what was the
prevalence of adverse mental health outcomes during
and after the epidemic? Second, what were the protect-
ive and risk factors associated with the adverse mental
health outcomes in these populations? Provided that the
number of studies was sufficient for meta-analysis, we
aimed to examine whether the prevalence of adverse
mental health outcomes among the target populations
changes over time with respect to the course of the ill-
ness (i.e. treatment phase, first 6 months post-discharge
or beyond 6months post-discharge for patients) or
phase of the epidemic (ie. during epidemic or post-
epidemic for non-infected healthcare workers and pub-
lic). To our knowledge, no systematic review thus far
has answered these questions specifically. Even though
there are existing reviews that address parts of these
questions, significant knowledge gaps exist. For example,
Brook et al.’s thematic analysis on studies related to
mental health impact and risk factors among healthcare
workers did not conduct quantitative analyses [9]. Some
recent meta-analyses mixed studies from SARS with
studies from outbreaks of other viral infections (e.g. see
Kisley et al., Rogers et al. and Yuen at al [10–12].), even
though the validity of this approach has not been estab-
lished due to the differing clinical and social contexts of
the outbreaks. Moreover, there are several key

Chau et al. BMC Public Health          (2021) 21:670 Page 2 of 23



methodological limitations among existing reviews. First,
studies reported in the Chinese language have generally
been omitted in reviews of related topics, a crucial omis-
sion given that much of the SARS data was generated in
Chinese jurisdictions. Second, these reviews have not
taken into account the effect of time since the outbreak
on the change in prevalence of mental health outcomes.
Third, the existing reviews that examined risk and pro-
tective factors associated with mental health outcomes
of SARS did not explicitly address inconsistent findings
across studies. Bearing these methodological issues in
mind, we aimed to address the research questions with a
comprehensive systematic review of available evidence.

Method
Protocol and registration
The review protocol was registered with the PROSPERO
registry (ID: CRD42020183812).

Eligibility criteria
This review included original studies written in English
or Chinese from January 2003 till May 2020 that re-
ported on psychological distress, psychiatric symptoms
or diagnoses, and health-related quality of life (HRQoL)
among SARS patients, healthcare workers and the gen-
eral public in the five key outbreak regions (Mainland
China, Hong Kong, Canada, Taiwan and Singapore)
using standardised measures or clinical assessments by
clinicians. Quantitative studies, including observational
studies and interventional studies, were included. To en-
sure comprehensiveness, studies published in peer-
reviewed journals or disseminated via other channels,
such as conference proceedings or thesis databases, were
included, provided full texts of the articles were available
for assessment. Case reports and qualitative studies were
excluded.

Search strategies
Major electronic medical and social science publication
databases (Pubmed, Medline, EMBASE, Web of Science
Core Collection and PsycInfo) were searched using com-
bined search terms that covered SARS and a wide range
of mental health conditions. Dissertation databases were
searched for unpublished studies. Databases of publica-
tions in the Chinese language (e.g. CNKI and National
Central Library Online Catalog) were searched using
Chinese search terms (see full search terms in Add-
itional file 1). Duplicates were first removed automatic-
ally and then manually. The titles and abstracts were
screened independently by two reviewers (SWC and
OWW), and any disagreement was settled by consensus.
Full text articles were reviewed independently by two re-
viewers (SWC, EKW or SSC) for their eligibility, and any
disagreement was also settled by consensus. We

conducted a snowball search by identifying additional
potentially relevant studies from citation lists of eligible
articles. We also contacted corresponding authors of eli-
gible articles through email and asked for their sugges-
tions as to relevant studies and grey literature. SWC
checked for overlapping of reported data during the data
extraction process. Decisions to exclude articles during
the data extraction process were jointly made by three
reviewers (SWC, EKW and OWW).

Data extraction
Data extraction from each article was performed by
SWC and one of the two reviewers (SWC, EKW,
OWW) in duplicate using a standardised extraction
form. Basic characteristics of the studies and data
reporting mental health outcomes of relevance, includ-
ing any psychiatric diagnoses and well-defined measure-
ments of psychiatric symptoms, psychological distress
and HRQoL, as well as selected predictors of these out-
comes (defined after pilot exploration of the eligible
studies) were extracted. Data from studies containing
data of selected predictors that were not included in
their analyses or results were still extracted, and basic
univariate analysis was applied where appropriate. Inter-
ventional studies were treated as cross-sectional studies,
from which only their baseline assessment data was
extracted.

Data synthesis and analysis
Based on the availability of studies that could be harmo-
nised, the outcomes we were able to include in the
meta-analysis were:

i) Prevalence of anxiety disorder among patients and
the public.

ii) Prevalence of depressive disorder among patients
and healthcare workers.

iii) Prevalence of PTSD among patients and healthcare
workers.

iv) Prevalence of significant general psychological
distress among healthcare workers.

The statistics extracted from the studies for meta-
analysis were either prevalence or mean (standard devi-
ation (SD)). Estimates for studies that reported median
and interquartile range (IQR) were converted to mean
and SD [13]. Some studies did not report prevalence
rates but reported only mean (SD) or median (IQR). For
these studies, we employed Monte Carlo simulations to
estimate the proportion of the outcome based on appro-
priate cut-off points for the tool used to measure the
outcome. We assumed normality of the distribution
when mean (SD) were reported or the data were sym-
metrical. We used a random effects model to estimate
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pooled prevalence rates for the above outcomes. We
then used a random effects model to compute pooled es-
timates of the mean scores of HRQoL (mental health,
role emotional and social functioning domains from the
36-item Short Form Survey (SF-36)) among patients.

Quality of evidence assessment
In assessing the overall certainty of the body of evidence
from the review, risk of bias in individual studies, incon-
sistency across studies and publication bias were consid-
ered. Risk of bias in individual included studies was
independently evaluated by two reviewers (SWC, EKW or
OWW) using the Study Quality Assessment Tools by the
National Heart, Lung and Blood Institute [14]. Each study
was rated as having poor, fair or good quality, which indi-
cates significant, moderate and low risk of bias at the
study level, respectively. For assessment of inconsistency
across studies, we used the I2 statistic to assess heterogen-
eity between the studies: values of 25, 50, and 75% were
used to categorise the degree of heterogeneity into low,
moderate and high, respectively [15]. To investigate
sources of heterogeneity, we conducted subgroup and sen-
sitivity analyses for outcomes that had sufficient sample

sizes. We conducted subgroup analyses by time (relative
to the epidemic or discharge from the hospital). Sensitivity
analyses were conducted by age (≤40 years vs > 40 years),
study design, and outcome measurement tool. We
assessed potential publication bias through visualisation of
funnel plots and Egger’s test for outcomes with a sample
size ≥10. All analyses were conducted using STATA 14.0.

Reporting standard
The reporting of this study followed the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses (PRIS
MA) guidelines (see PRISMA checklist in Additional file 4).

Results
Overview
The major electronic databases yielded 6195 titles. Add-
itional searches from citation lists of included studies
and recommendations from authors of included studies
yielded an additional 789 titles. After removing 4463 du-
plicates, 2521 titles and abstracts were screened. Two
hundred ninety-four full-text articles were reviewed and
eventually 80 studies were included in the systematic re-
view (Fig. 1) (see Additional file 2 for the full list of

Fig. 1 PRISMA flowchart of the review
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excluded studies). Thirty-three studies primarily re-
ported mental health outcomes of SARS patients, 28 re-
ported outcomes of healthcare workers of affected
regions, and 19 reported outcomes among the general
public. Sample sizes ranged from 10 to 10,511. Forty-
seven studies were cross-sectional in nature, and only 12
studies used clinical interviews as an assessment tool.
Seventeen studies were published in the Chinese lan-
guage (Table 1A, B & C); and three were unpublished
postgraduate theses.

SARS patients
Treatment phase
Nine studies described psychiatric morbidities during
treatment phase [16–24]. As expected, studies generally
reported a high level of psychological distress among
SARS patients during the acute phase, as compared to
the general population or patients of other illnesses (ex-
cept for Wang et al. [23]). Psychotic disorders were also
reported - one study from Hong Kong reported a preva-
lence of 0.9% [20]. The aetiology of acute phase psych-
otic disorder has generally been assumed to be due to
the ultra-high dose of steroid treatment, because such
occurrence has been reported to be associated with
higher steroid dosage, and symptoms have resolved
when steroid dosage was reduced [20, 21]. One Chinese
study reported post-mortem findings of perivascular
mononuclear cell and lymphocyte infiltration and neur-
onal demyelination in two patients with psychosis [17],
although there was no description of the clinical details
of these cases and it is thus difficult to establish any rela-
tionship between these findings and psychosis. The same
study also reported high mortality rates associated with
psychotic disorder (61.5% among those with psychosis
or delirium). Lee et al. [20] found that a family history of
mental illness was significantly associated with psychotic
disorder during treatment, suggesting that an underlying
personal or biological vulnerability could have contrib-
uted to this phenomenon. However, since the results of
this study were based on retrospective analysis of case
records, the family history of mental illness of those who
were not psychotic could have been neglected.

Post-recovery period
Twenty-four studies reported post-recovery mental
health outcomes [16, 25–46], which covered the time-
frame of 2 weeks to 12 years post-discharge. The most
commonly reported outcomes were PTSD, depression,
anxiety and HRQoL.
The point prevalence of probable or clinician-

diagnosed anxiety disorders among SARS patients after
discharge was 18.7% (95% CI: 12.9–24.5%, I2 = 85.5%;
from nine studies [16, 25, 28, 29, 32, 40] with total n =
1127). Using a cut-off of 6 months, the point prevalence

of anxiety disorders among this group during the early
post-discharge period was 16.4% (95% CI: 8.8–23.9%,
I2 = 87.7%; from five studies with total n = 748), with
22.7% beyond that period (95% CI: 11.8–33.6%, I2 =
85.3%; from four studies with total n = 379). The point
prevalence of the two time periods were not significantly
different (p = 0.35) (Fig. 2a).
The point prevalence of probable or clinician-

diagnosed depressive disorder among SARS patients
after discharge was 19.9% (95% CI: 14.9–24.9%, I2 =
76.4%; from 10 studies [25, 28, 29, 31, 32, 36, 40, 42–44]
with total n = 1088). Using a cut-off of 6 months, the
point prevalence of depression among this group during
the early post-discharge period was 16.7% (95% CI:
11.0–22.3%, I2 = 72.8%; from four studies with total n =
658), with 24.1% beyond that period (95% CI: 14.7–
33.5%, I2 = 80.9%; from six studies with total n = 430).
The point prevalence of the two time periods were not
significantly different (p = 0.18) (Fig. 2b).
The point prevalence of probable or clinician-

diagnosed PTSD among SARS patients after discharge
was 27.9% (95% CI: 18.4–37.4%, I2 = 94.8%; from 11
studies [16, 30–33, 41–45] with total n = 1216). Using a
cut-off of 6 months, the point prevalence of PTSD
among this group during the early post-discharge period
was 28.3% (95% CI: 14.3–42.4%, I2 = 96.8%; from six
studies with total n = 796), with 27.4% beyond that
period (95% CI: 18.1–36.7%, I2 = 77.4%; from five studies
with total n = 420) (Fig. 2c).
For post-discharge HRQoL, five studies that used the

SF-36 measures were included in the meta-analysis. We
focused on the domains that are relevant to mental
health, namely the mental health, role-emotional, and
social functioning domains. The pooled estimates of the
mean of the domains were as follows: mental health:
66.6 (95% CI: 63.3–69.8, I2 = 51.3%; from five studies
[26, 31, 35, 44, 47] with total n = 277); role emotional:
57.4 (95% CI: 48.1–66.6, I2 = 68.8%; from five studies
[26, 31, 35, 44, 47] with total n = 277); and social func-
tioning: 70.5 (95% CI: 61.4–79.7, I2 = 88.4%; from five
studies [26, 31, 35, 44, 47] with total n = 277) (see Sup-
plementary Figures 1–3).
Subgroup analysis of studies conducted beyond 6

months post-discharge yielded the following pooled esti-
mates of mean score: mental health: 66.5 (95% CI: 51.8–
69.6, I2 = 63.3%; from four studies with total n = 206);
role emotional: 60.7 (95% CI: 62.2–70.8, I2 = 53.5%; from
four studies with total n = 206); and social functioning:
73.3 (95% CI: 63.5–83, I2 = 85.8%; from four studies with
total n = 206) (Fig. 3a, b & c). Since these studies were
all conducted on Chinese populations, we referred to the
SF-36 norm of Hong Kong Chinese for comparison [92]
(mental health: 72.8, SD 16.6; role emotional: 71.7, SD
38.4; and social functioning: 91.2, SD 16.5). The
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comparison showed that the pooled mean scores of the
three domains were below population norm. In particu-
lar, social functioning was more than 1 SD below norm.
Only one study reported HRQoL measures within 6
months post-discharge, and thus we could not compare
the estimates for before and beyond 6months post-
discharge.
Two studies reported chronic fatigue symptoms

among SARS survivors beyond the first year of recovery.
Lam et al. reported that up to 40% of the cohort fulfilled
the criteria for chronic fatigue syndrome (CFS) [92].
Among those who fulfilled the criteria for CFS, approxi-
mately half were without a psychiatric diagnosis.

Moldofsky and Patcal reported excessive post-sleep fa-
tigue among 21 survivors, with significant persistent
functional impairment, together with diffuse myalgia and
subjective weakness [42]. Polysomnography showed that
the subjects had sleep instability, frequent arousal and
an increase in REM onset latency, with fatigue and day-
time sleepiness despite normal sleep onset and total
sleep duration. The subjects, as a group, had mild to
moderate depressive symptoms, but only two were on
antidepressants, which indicates that medication would
not be able to explain the abnormalities.
Only one study reported on neurocognitive change:

Shi at al. reported that SARS-infected healthcare workers

Fig. 2 Forest plots of pooled estimates of prevalence of mental health outcomes among SARS survivors. a Forest plot of pooled estimate of
prevalence of probable or clinically diagnosed anxiety disorder among SARS patients in post-recovery period; b Forest plot of pooled estimate of
prevalence of probable or clinically diagnosed depressive disorder among SARS patients in post-recovery period; c Forest plot of pooled estimate
of prevalence of post-traumatic stress disorder (PTSD) among SARS patients in post-recovery period. Note: *Prevalence calculated from mean and
standard deviation using Monte Carlo simulation
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had impaired immediate recall as compared to the con-
trol group in the early post-discharge period [36]. After
5 years, however, they improved to the same level as the
control group, but showed an increase in wordlist intru-
sion error. The dropout rate of the follow-up was high
(67% retention).

Mental health-related healthcare utilisation
A Canadian study reported that, in terms of the number
of visits, psychiatric-related healthcare utilisation was
the highest among all disciplines in the first year post-
discharge [39]. Yip reported that 34.4% of their subjects
were still receiving active psychiatric follow-up 10 years
post-SARS [46].

Non-infected healthcare workers
Studies reporting on mental health outcomes of non-
infected healthcare workers of SARS-affected regions
covered the epidemic period and up until 3 years post-
SARS [48–52, 54–62, 64–75]. The most commonly re-
ported dimensions were PTSD, depression, and general
psychological distress.

The estimated point prevalence of probable PTSD
among non-infected healthcare workers from 11 avail-
able studies [48, 50, 51, 56, 57, 61, 65, 67, 69, 72, 73] was
26.7% (95% CI: 10.0–43.4%, I2 = 99.2%; n = 2791). Sub-
group analysis showed that the point prevalence during
and after the epidemic was 38.1% (95% CI: 14.5–61.6%,
I2 = 98.5%; from six studies with total n = 1579), and
11.2% (95% CI: 8.2%-14,2%, I2 = 51.1%; from five studies
with total n = 1212) respectively. There was a significant
difference between the prevalence of the two periods
(p = 0.035) (Fig. 4a.
The estimated point prevalence of probable depressive

disorder among non-infected healthcare workers from
five studies [36, 56, 57, 74, 93] was 27.4% (95% CI: 4.1–
50.7%, I2 = 98.8%; n = 872), Subgroup analysis showed
that the point prevalence after the epidemic was 11.9%
(95% CI: 0–24.9%, I2 = 95.3%; from three studies with
total n = 689). There was an insufficient number of stud-
ies to conduct a subgroup analysis of the data from the
epidemic period (Fig. 4b).
The estimated point prevalence of significant general

psychological distress among non-infected healthcare

Fig. 3 Forest plots of pooled estimates of health-related quality of life measures of SARS survivors. a Forest plot of pooled estimate of mean of
36-item Short Form Survey (SF-36) mental health domain among SARS patients in > 6months post-discharge; b Forest plot of pooled estimate of
mean of SF-36 role emotional domain among SARS patients in > 6months post-discharge; c Forest plot of pooled estimate of mean of SF-36 role
social functioning among SARS patients in > 6months post-discharge
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workers during and after the epidemic was 40.7% (95%
CI: 16.1–65.3%, I2 = 99.5%; from five studies [49, 50, 62,
63, 65] with total n = 2786), and 32.6% (95% CI: 21.6–
43.5%, I2 = 91.6%; from five studies [67–70, 72] with
total n = 915) respectively. The prevalence of the two pe-
riods were not significantly different (p = 0.556) (Fig. 4c.
Only two studies used clinical interviews as part of

their diagnostic tools, and both yielded a low rate of psy-
chological distress among their subjects. Su et al. re-
ported that the prevalence of PTSD and depression
among their sample was 0 and 12%, respectively, around
the end of the SARS outbreak [56]. The study by Lancee
et al., which captured a subset of the sample of the study
by Maunder et al. (2006), also reported a low rate of

PTSD (1.5%) and post-SARS mental illness episodes
(6.8%) 1 to 2 years after SARS [71].

General public
Nineteen studies examined the effect of SARS on the
general public [37, 53, 76–91]. The lack of a pre-SARS
baseline and long-term longitudinal data limited the use-
fulness of many of these studies in assessing the mental
health impact of SARS among the general public. Fur-
thermore, the sub-populations in these studies, which
included hospitalised patients with non-SARS illnesses,
college students, pregnant women and people under
quarantine, were too heterogenous. We thus considered
it inappropriate to pool the estimates from these studies.

Fig. 4 Forest plots of pooled estimates of prevalence of mental health outcomes among healthcare workers of SARS-affected regions. a Forest
plot of pooled estimate of prevalence of probable PTSD among healthcare workers; b Forest plot of pooled estimate of prevalence of probable
depression among healthcare workers; c Forest plot of pooled estimate of prevalence of significant psychological distress among healthcare
workers. Note: *Prevalence calculated from mean and standard deviation using Monte Carlo simulation
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Two studies with a pre-SARS baseline showed an in-
crease in anxiety and depressive symptoms during the
epidemic [76, 80]. A series of Hong Kong population-
wide studies by Leung et al. showed that the trend of the
population’s anxiety levels followed the trend of the
number of daily new cases [77]. One small prospective
cohort study on college students showed that the sub-
jects’ anxiety levels increased markedly in the early phase
of the epidemic but gradually reduced over time [53].
It was unclear whether there were any increases in

clinically significant outcomes among the public. A
Hong Kong study that used longitudinal death registry
data reported a significantly increased elderly suicide
rate in the year of the epidemic, against a downward
trend in previous years, with an unusual peak around
the peak of the epidemic. The elderly suicide rate did
not return to baseline in 2004 [90]. A study from
Taiwan, which used a population insurance database
with a high population coverage to study the effect of
the global financial crisis of 2008–2009 on the incidence
of depression, incidentally found a significant upward
deviation from the expected incidence of depression
starting from July 2003 (right after the epidemic) [91].
The presentation of this study’s methodology and ana-
lysis was limited, however, and the results should there-
fore be treated with caution.

Sensitivity analysis
Age (≤40 years vs > 40 years) was not found to be a sig-
nificant factor explaining the heterogenicity of the re-
sults. The prevalence of PTSD among SARS survivors
post-discharge from studies that used clinical interviews
and self-reported screening instruments were not signifi-
cantly different (see Supplementary Figures 4–8).

Factors associated with mental health outcome
Due to the diversity of outcome measures and statistical
methods, a quantitative analysis could not be conducted.
We present the results qualitatively below:

Gender
Twenty-four studies had data that allowed an analysis of
gender differences in mental health outcomes among
different populations. Of these, nine were on SARS pa-
tients [27, 28, 30–33, 43, 45, 46]. The results were not
consistent: only three out of nine studies found a signifi-
cant gender effect on mental health outcomes [27, 31,
45]. Of the ten studies that covered non-infected health-
care workers [49–51, 62, 66, 72–75, 93], the results were
also inconsistent: six did not reveal a significant gender
difference in mental health outcomes [49, 51, 66, 73, 74,
93]. Among the general public, one population-wide
telephone survey from Hong Kong [77] reported that
women had a higher anxiety level than men during the

outbreak, but the anxiety levels of women dropped to
that of men 6months post-SARS. By contrast, a survey
on Beijing college students reported a higher level of
anxiety among male students during the epidemic [78].
A Canadian study on quarantined individuals during the
outbreak and a Taiwanese population-wide telephone
survey post-SARS did not find gender differences in
mental health outcomes [87, 88].

Healthcare workers
Nine studies reported on the association between health-
care worker status and mental health outcomes among
SARS patients. One study during the acute phase re-
ported that healthcare workers had a similar stress level
as non-healthcare worker patients [22]. Three studies by
Cheng et al. found that healthcare worker status was as-
sociated with an increase in anxiety, depression and gen-
eral psychiatric morbidities among patients in the first
few months post-discharge, after adjusting for gender
and ICU admission status [27, 28, 38]. Wu et al. re-
ported that healthcare worker patients had worse symp-
toms of hyperarousal and intrusion, two of the PTSD
symptom domains, but not avoidance, anxiety or depres-
sive symptoms [29]. Lam et al. reported that 3 to 4 years
post-SARS, healthcare worker patients were at signifi-
cantly higher risk of having a DSM4 Axis I diagnosis
[43]. By contrast, while Mak et al.’s two-year follow-up
study also found that healthcare workers were at an in-
creased risk of PTSD from univariate analysis, the effect
ceased to be significant after adjusting for gender [45].
Yip’s ten-year post-SARS follow-up of Mak et al.’s co-
hort did not find healthcare worker status to be a signifi-
cant predictor of PTSD from univariate analysis [46].
Kwek et al.’s Singaporean study found a trend of worse
HRQoL, PTSD symptoms, anxiety and depressive symp-
toms among patients who were healthcare workers, but
this did not reach statistical significance [25].

Occupational exposure to SARS
Fifteen studies examined occupational exposure to SARS
as a predictor of mental health outcomes [48, 50, 52, 54,
56–58, 60, 62, 63, 66, 69, 70, 72–75]. The studies used
diverse methods to quantify occupational exposure.
Studies that compared levels of exposure at an institu-
tional level (i.e. SARS hospital vs non-SARS hospital)
and a work-unit level (i.e. SARS units vs non-SARS
units) consistently reported an increase in mental health
morbidities among healthcare workers who worked in
high-risk environments during and after SARS. Styra
et al. reported that working in a high-risk unit was a sig-
nificant risk factor for high post-traumatic stress symp-
toms (univariate odd ratio = 3.2) during the epidemic,
even after adjustment for the number of SARS patients
cared for [66].
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Maunder et al. compared the mental health outcomes of
healthcare workers in SARS-hit Toronto and SARS-free
Hamilton nearby. A significantly higher rate of significant
psychological distress and burnout, as well as a marginally
higher number of probable PTSD cases (13.8% vs 8.6%;
p = 0.06), were found among Toronto healthcare workers
1 to 2 years after the epidemic. The Toronto group also
exhibited an increase in maladaptive behaviour since the
SARS epidemic (21% vs 8.1%; p < 0.001%) [72].
A study from Taiwan reported that the proportion of

general psychological distress followed risk of occupa-
tional exposure at an institutional level (i.e. SARS hos-
pital > 2 general hospitals > psychiatric hospital) during
the early post-SARS period [70]. McAlanon et al.
showed that high-risk unit staff had worse anxiety and
depression 1 year post-SARS [57]. Lin et al. reported that
emergency staff had more PTSD symptoms than psychi-
atric staff post-SARS, but found no difference in general
psychological distress [69]. The three studies from the
same Beijing sample found depressive symptoms (odd
ratio (OR) = 2.22, p = 0.05), PTS symptoms (OR = 2.09,
p < 0.05), and alcohol abuse symptoms to be positively
associated with exposure to high-risk locations [73–75].
When exposure was measured in terms of direct con-

tact with SARS patients, it was also reported as a signifi-
cant risk factor for worse mental health outcomes
among healthcare workers during the epidemic in seven
out of eight studies [50, 52, 54, 58, 60, 63, 66], with Tam
et al.’s study being the only exception [62].

SARS impact on close social circles
Eleven studies examined whether infection or death
within close social circles of subjects increased adverse
mental health outcomes [20, 28, 29, 31, 32, 43, 45, 46,
51, 73–75]. Lee et al. reported that, among patients, hav-
ing family members infected by SARS was a marginally
significant predictive factor (p = 0.06) of having psych-
otic disorder during the treatment phase [20]. Follow-up
studies of patients that covered the early post-discharge
period generally agreed that infection or death among
friends or family significantly increased depression and
PTSD symptoms [28, 29, 31, 32]. Studies with a longer
post-SARS follow-up duration (Lam et al., Mak et al.
and Yip), also showed such a trend of association, but
the association did not reach statistical significance [43,
45, 46]. In relation to non-infected healthcare workers,
two studies from China reported that the death of rela-
tives or friends from SARS was positively associated with
PTSD features 3 years post-SARS, but not depressive or
alcohol abuse symptoms [32, 73–75].

Physical complications
Some SARS survivors suffered residual impairments in
lung function for varying periods of time. Hui et al.

reported that impaired lung function was not associated
with the mental health domain of HRQoL at 12 months
post-discharge [26]. The other key physical complication
among SARS survivors was avascular necrosis, which re-
sulted from high-dose steroid use to suppress cytokine
storm, a deadly complication of SARS [94]. Four studies
reported an association between avascular necrosis and
mental health outcome [31, 43, 45, 46]. Three studies
(including two studies from Mak et al. and Yip) found
that avascular necrosis was a significant predictor of
PTSD. Lam et al. did not find such an association, but
avascular necrosis was rare among their subjects (only
three out of 181, and two of those had a psychiatric
diagnosis 3 to 4 years post-SARS) [43].

ICU admission
Five studies explored the effect of ICU admission on
post-discharge mental health outcomes of patients [25–
27, 43, 46]. None of the studies found that ICU admis-
sion was a significant factor in post-SARS mental health
morbidities.

Pre-existing mental health problems
The presence or absence of pre-SARS mental health is-
sues was not commonly reported in the reviewed stud-
ies, and some studies excluded subjects with known
psychiatric illness. Only two studies examined whether
pre-SARS psychiatric illness predicted mental health
outcomes among patients: Wu et al. found that pre-
SARS psychiatric consultations increased all PTSD
symptom domains, as well as depressive and anxiety
symptoms [29]. Hong et al. did not find pre-SARS psy-
chiatric illness to be a significant factor for PTSD out-
comes, although only one subject in the cohort had a
known, pre-existing psychiatric illness, and that subject
developed PTSD during follow-up [31].
Two studies examined whether pre-SARS psychiatric

illness predicted mental health outcomes among non-
infected healthcare workers, and both showed that it was
a significant factor: Su et al. reported that, among the
high exposure risk nurse group, six out of 20 (30%) of
those with a past history of depression developed de-
pressive episodes by the end of SARS, as compared to
only 7.3% of those who did not have a history of depres-
sion [56]. In the Canadian study by Lancee et al., 18% of
those with a pre-existing psychiatric condition developed
new episodes of mental disorders within 1 to 2 years
post-SARS, as compared to only 2% of those who did
not have pre-SARS psychiatric illness [71].

Organisational support
Two studies examined the relationship between per-
ceived organisational support and mental health out-
comes of healthcare workers: Fiksenbaum et al. reported
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that a lower level of perceived organisational support
was positively associated with burnout [60]. Maunder
et al. reported that doubts about protective equipment
and dissatisfaction with the system were positively asso-
ciated with PTSD symptoms [54].

Perceived stigmatisation
Six studies examined the relationship between perceived
stigmatisation and mental health outcome. Lam et al. re-
ported an odds ratio of 2.92 for perceived stigmatisation
and psychiatric diagnosis 3 years post-SARS recovery
[43]. Mak et al.’s study, which was also from Hong Kong,
reported a significantly higher rating of perceived stig-
matisation among SARS survivors with PTSD 2 years
after SARS [45]. Four studies reported an association be-
tween perceived stigmatisation and mental health out-
comes among non-infected healthcare workers. Three
studies reported on the association between stigmatisa-
tion and PTS symptoms, and all were positive [54, 64,
72]. Koh et al. also reported a trend of positive associ-
ation between perceived stigmatisation and symptoms of
burnout among healthcare workers, but not general psy-
chological distress. Verma et al.’s study, also conducted
in Singapore, reported higher perceived stigmatisation
among those with higher general psychological distress
[63].

Effect of quarantine
The evidence for the association between quarantine
and mental health outcomes was mixed among health-
care workers. One study reported that quarantine was
associated with an increase in burnout during the out-
break [60]. The Beijing studies reported that 3 years
post-SARS, the quarantine experience increased the risk
of having probable depression (OR 4.9, p < 0.001) [74]
and PTSD (OR 2.09, p = 0.05) [73]. Quarantine was also
positively associated with alcohol use [75]. Two other
studies, however, did not find such an association. Styra
et al. found that quarantine was a significant predictor of
post-traumatic stress symptoms in univariate analysis,
but this effect disappeared in multivariate analysis [66].
Maunder et al. did not find any association between
quarantine and mental health outcomes 1 year post-
SARS [72]. One study among the general public found
that people who underwent a longer quarantine period
(> 10 days) had significantly worse post-traumatic stress
symptoms, and a trend for worse depressive symptoms
(p = 0.07) [86].

Quality of evidence assessment
Risk of bias of individual studies
The rating of the methodological quality of each study is
listed in Table 1. Overall, 13 and nine of the studies
were rated as being of poor and good quality,

respectively, by both reviewers. Common potential
sources of bias included biased sampling (e.g. convenient
sample with low response rate), small sample size, lack
of blinding in the assessment process, and risk factors
being measured at the same time as outcome
measurements.

Publication bias
The visualisation of funnel plots revealed a publication
bias for the prevalence of general psychiatric distress
among healthcare workers, with studies more inclined to
publish a higher prevalence. Publication bias was also
noted for studies that published on the prevalence of
PTSD among healthcare workers, as well as among pa-
tients, with no inclination towards either lower or higher
prevalence. Funnel plots of studies for anxiety and de-
pression among patients did not reveal any publication
bias. Egger’s test found insufficient evidence for small
study effects in studies on the prevalence of general psy-
chological distress among healthcare workers (p =
0.069), and PTSD among patients (p-value = 0.982).
However, this test suggested small study effects in the
prevalence of anxiety (p-value = 0.009), depression (p-
value = 0.044), and PTSD among patients (p-value =
0.003) (see Supplementary Figures 9–13).

Inconsistency across studies
The inconsistency across studies was generally high, as
evidenced by the high heterogeneity across most out-
comes, except for the pooled estimate of mean scores of
the mental health and social functioning domains of SF-
36. Sensitivity analysis showed that, among SARS pa-
tients, high heterogeneity was found only for studies
with mean age ≤ 40 years for anxiety (see Supplementary
Figure 4) and depression (see Supplementary Figure 5)
but not for studies with mean age > 40 years. However,
for PTSD, there was high heterogeneity for both age
groups (see Supplementary Figure 6) and for cross-
sectional studies, but minimal heterogeneity for pro-
spective studies (see Supplementary Figure 7). In
addition to this, among SARS patients, there was high
heterogeneity for PTSD studies irrespective of whether
the outcome was assessed via clinical interview or self-
report/questionnaire (see Supplementary Figure 8).

Discussion
In preparing for the mental health crisis that is likely to
accompany and follow on from the covid-19 pandemic,
an in-depth understanding of the mental health effects
of SARS will likely provide key insights. We argue that,
instead of mixing evidence derived from different events
of infectious disease outbreak, focusing on a single event
will preserve the historical and socio-cultural context,
which will in turn facilitate interpretation and
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generalisation of the results. The differences between
SARS and covid-19, however, are not to be understated.
A key difference, for example, lies in the fact that SARS
patients generally had more severe symptoms and were
universally hospitalised. The 17-year gap between them
also resulted in changes in the medical and socio-
cultural contexts (see commentary by Sommer and Bak-
ker) [95].

SARS patients
Our results showed that mental health problems were
common among SARS survivors. The prevalence rates
of anxiety, depression, and PTSD from our analysis are
comparable with an earlier meta-analysis that included
studies from SARS, MERS and covid-19 [10]. Subgroup
analysis of a recent meta-analysis by Yuan et al. on the
prevalence of post-infectious outbreak PTSD (which in-
cludes studies from SARS) concluded that the
prevalence of PTSD was 18.6% within 6months post-
infection, and 28.8% beyond 6months of infection [12].
However, the different mix of studies in the subgroups
(i.e. the fact that more studies in the within-six-months
group came from covid-19, while studies from SARS
predominated in the beyond-six-months group) makes
interpretation of the difference between the subgroups
difficult. Our review additionally introduces the first
meta-analytic evidence demonstrating the chronicity of
the mental health burden among SARS survivors in
terms of HRQoL and psychiatric morbidities, including
but not limited to PTSD. Despite the very different con-
text between the two novel coronavirus outbreaks, our
findings suggest similarities between post-SARS and
post-covid-19 neuropsychiatric sequalae: the prevalence
of psychiatric morbidities among SARS patients within
the first 6 months post-recovery was remarkably similar
to that of covid-19 patients in their early post-recovery
period, and survivors of both infections reported pro-
longed excessive fatigue [96]. In the case of SARS, it is
intriguing that a substantial proportion of patients still
suffered from excessive fatigue years after recovery from
SARS, which cannot be explained by the presence of
other psychiatric disorders. We have little idea of the
biological aetiology of chronic mental health sequelae
and fatigue post-SARS, although what we do know is
that the SARS-CoV virus can be isolated from the brains
of SARS patients [97], just as it is possible to isolate
SARS CoV-2 from the brains of covid-19 patients [98].
How the presence of SARS-CoV viruses in the brain af-
fects patients’ mental health, however, is a question that
remains to be answered. Overall, while we cannot con-
clude based on these resemblances that post-covid-19
neuropsychiatric sequalae will follow the same trajectory
as that of SARS, our findings suggest that preparations

will be needed to address the long-term mental health
needs of covid-19 patients.

Healthcare workers
There are discrepancies among studies concerning
healthcare worker status as a risk factor for poor mental
health outcomes of SARS patients, and a definitive con-
clusion cannot be drawn from our analysis. Psycho-
logical distress among healthcare workers was high
during the epidemic, but the level of psychiatric morbid-
ities returned to a lower level afterwards. While these re-
sults are encouraging, one should not underestimate the
impact of mental health consequences for healthcare
workers on our healthcare systems: Lam et al. reported
that 9/43 of healthcare worker patients with a psychi-
atric diagnosis left health care-related work (21%), as
compared to 4.7% among those without a psychiatric
diagnosis [43]. Maunder et al. reported that healthcare
workers of SARS-hit Toronto had a significantly higher
rate of missing work shifts due to stress or illness com-
pared to SARS-free Hamilton since SARS (21.6% vs
12.6%) [72]. Given the large numbers of healthcare
workers who are involved in the care of covid-19 pa-
tients and/or suffer from the disease themselves, the im-
pact of the mental health morbidities of this population
on healthcare systems will be, like the covid-19 pan-
demic itself, in uncharted waters. The increase in service
demand, met with substantial manpower loss, may tip
the balance in regions where healthcare resources are
already overstretched. In preparing for the aftermath of
covid-19, it is noted that occupational exposure and stig-
matisation were consistently reported as risk factors for
poor mental health outcomes among healthcare workers,
suggesting that these will be issues that require close at-
tention. The recent meta-analysis by Kisley et al. has
already demonstrated that direct contact with infected
patients during novel viral outbreaks (including SARS) is
a significant risk factor for higher acute or post-
traumatic stress and psychological distress [11], but this
study used a restricted definition of exposure (i.e. direct
contact) and did not differentiate between its acute and
sustained effect. Our qualitative analysis suggests that
the effect of working in high-risk venues might persist
beyond the epidemic period.

General public
While the evidence converges in suggesting that the gen-
eral public experienced an increase in anxiety levels dur-
ing the SARS epidemic, no conclusive evidence can be
established regarding enduring or clinically significant
mental health effects on the public due to the scarcity of
longitudinal data spanning from the pre-SARS to post-
SARS period. Other factors also affect the interpretation
of available statistics: for example, the psychiatric bed
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occupancy of the greater Toronto area paradoxically
dropped sharply during the early phase of SARS, but this
may merely be a reflection of the obstruction of access
to mental health services during an infectious outbreak
[99]. A point of concern that needs to be highlighted,
however, is the report from Hong Kong of the increase
in suicide rates among older adults during the SARS epi-
demic [90]. Although this evidence was from a single
study and from only one region, it was methodologically
robust. A qualitative study has further identified several
common factors among SARS-related suicides in older
adults in Hong Kong: fear of contracting SARS, social
isolation, disruption of normal social life, and the burden
of existing long-term illnesses [100]. These factors are
likely also present, if not to a greater extent, in the
current covid-19 epidemic.

Stigmatisation
Stigmatisation was consistently reported to be associated
with poor mental health outcomes among SARS patients
and healthcare workers. Many SARS patients and their
family members, healthcare workers, and residents from
SARS-hit neighbourhoods encountered discrimination in
various aspects of their lives [37, 64, 101]. The stigma
against SARS patients, in particular, persisted years after
the outbreak. One account reported that SARS survivors
in Hong Kong were denied the opportunity to donate
blood 10 years post-epidemic [102]. In the covid-19
context, there have been reports of stigmatisation of
covid-19 patients and healthcare workers [103], which is
unfortunate but unsurprising. De-stigmatisation appears
crucial in mitigating post-covid mental health sequelae,
but this would require more than evidence-based public
education, as stigmatisation can be unintentionally insti-
tutionalised. For example, some researchers have argued
that the establishment of special post-SARS clinics has
in fact perpetuated SARS-related stigmatisation [104].
This highlights the importance of being mindful of this
issue in all aspects of post-covid-19 policy planning.

Strengths and limitations
To the best of our knowledge, this is the first comprehen-
sive systematic review of evidence concerning the effect of
SARS on mental health across multiple study populations
and timeframes that also captures non-English written
studies. This review is mainly limited by the methodolo-
gies and quality of the included studies. The studies in-
cluded were primarily cross-sectional in design, and the
association of risk factors and mental health outcomes
found in these studies thus cannot be concluded as causal
in nature. The few longitudinal studies tended to have
small sample sizes. The methodological quality of the
studies was generally in the poor to fair range, indicating
significant to moderate risk of bias. We did not exclude

low quality studies due to the scarcity of studies for spe-
cific outcomes, and also because we wanted to represent
the available literature comprehensively. The inclusion of
low-quality studies in the context of the small number of
studies available for data synthesis for each outcome, how-
ever, limits the certainty of the results of the review. An-
other limitation of this study is that, due to the limited
numbers of studies included in each meta-analysis and the
availability of variables, we could only investigate hetero-
geneity among studies by mean age, study design, and out-
come measurement tool. Since most of the studies used
self-rating instruments for measuring outcomes, and the
tools used for each outcome were diverse, it is reasonable
to suspect that the diverse measurement tools could have
introduced heterogeneity to the results of our meta-
analysis. We could not investigate whether this was indeed
the case, however, due to the limited number of studies
available for each outcome measure. Another limitation is
that, while we assessed publication bias for outcomes with
≥10 studies, the number of studies included in the funnel
plots ranged from 10 to 12, which could limit the power
to test for real asymmetry and publication bias. Taking
these factors into account, the certainty of the body of evi-
dence of this review is considered to be low.

Conclusion
Our review suggests that there was a high prevalence of
psychiatric morbidities and HRQoL impairment beyond
the early post-recovery period in 2002–2003 SARS out-
break survivors. This should be considered a predictive in-
dicator for what may be expected among covid-19
patients, and preparation for this thus needs to be consid-
ered. Although our results suggest that healthcare workers
are resilient against clinically significant mental health ef-
fects after an epidemic, efforts to support healthcare
workers, especially those working in high-risk venues, are
essential to prevent widespread workforce loss. A signifi-
cant knowledge gap remains regarding the biological link
between SARS-CoV viruses and long-term neuropsychi-
atric morbidities of patients, warranting robust methodo-
logical investigation in relation to SARS-Cov-2.
Stigmatisation against patients and healthcare workers
may result in a secondary impact on mental health, and
should be carefully addressed in the covid-19 era. Overall,
due to the limitations from the methodological constraints
of the included studies, as well as the relatively small num-
ber of studies for each outcome measure and the high de-
gree of heterogeneity in most outcome measures, the
certainty of the body of evidence is low.
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