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Abstract

Pandemics have become more frequent and more complex during the twenty-first century. Posttraumatic stress disorder
(PTSD) following pandemics is a significant public health concern. We sought to provide a reliable estimate of the
worldwide prevalence of PTSD after large-scale pandemics as well as associated risk factors, by a systematic review and
meta-analysis. We systematically searched the MedLine, Embase, PsycINFO, Web of Science, CNKI, WanFang, medRxiv,
and bioRxiv databases to identify studies that were published from the inception up to August 23, 2020, and reported the
prevalence of PTSD after pandemics including sudden acute respiratory syndrome (SARS), H1N1, Poliomyelitis, Ebola,
Zika, Nipah, Middle Eastern respiratory syndrome coronavirus (MERS-CoV), H5N1, and coronavirus disease
2019 (COVID-19). A total of 88 studies were included in the analysis, with 77 having prevalence information and 70
having risk factors information. The overall pooled prevalence of post-pandemic PTSD across all populations was 22.6%
(95% confidence interval (CI): 19.9–25.4%, I2: 99.7%). Healthcare workers had the highest prevalence of PTSD (26.9%;
95% CI: 20.3–33.6%), followed by infected cases (23.8%: 16.6–31.0%), and the general public (19.3%: 15.3–23.2%).
However, the heterogeneity of study findings indicates that results should be interpreted cautiously. Risk factors including
individual, family, and societal factors, pandemic-related factors, and specific factors in healthcare workers and patients for
post-pandemic PTSD were summarized and discussed in this systematic review. Long-term monitoring and early
interventions should be implemented to improve post-pandemic mental health and long-term recovery.

Introduction

The explosive spread of the coronavirus disease 2019
(COVID-19) outbreak around the world within a very short
period of time once again brought public attention to
infectious disease pandemics. Since 2000, with rapid
changes and increases in urbanization and global travel,
infectious disease pandemics have become more frequent
and more complex, notable examples of which are Ebola,
severe acute respiratory syndrome (SARS), Middle East
respiratory syndrome coronavirus (MERS-CoV), Nipah,
influenza A subtype H5N1, and Zika [1]. The SARS pan-
demic of 2003 was the first global public health emergency
in the twenty-first century, which was followed shortly by
the H5N1 outbreak of 2005–2006. Since then, the World
Health Organization has declared another five Public Health
Emergencies of International Concern: H1N1 influenza
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virus pandemic (2009), resurgence of wild poliovirus
(2014), West Africa Ebola virus outbreak (2014), Zika virus
outbreak (2018), and COVID-19 (2020) [2, 3]. Large-scale
pandemics can significantly increase global morbidity and
mortality and result in severe economic, social, and political
disruption [4]. Moreover, a major infectious disease pan-
demic may have widespread and pervasive detrimental
effects on individuals’ mental health [5, 6]. For example, a
sudden disease outbreak that is associated with high infec-
tivity and rapid transmission results in fear, distress, and
anxiety in the public [7–9]. Long-term stress and anxiety
that are caused by a pandemic may further induce symp-
toms of depression [10, 11]. This ongoing exposure to
danger, illness, death, disaster situations, stigma, and dis-
crimination during a pandemic can induce an acute stress
response and even cause posttraumatic stress reactions
[5, 12–14].

Posttraumatic stress disorder (PTSD) is a common, ser-
ious, and complex mental disorder that occurs following
exposure to traumatic events. It is characterized by intrusion
and reexperiencing the trauma through flashback-like dis-
sociative reactions, efforts to avoid trauma-related thoughts,
feelings, places, or people, persistent negative cognition and
mood, and hyperarousal, such as anxiety, sleep difficulties,
and irritability [15]. Failed recovery from PTSD can have
long-term harmful effects on an individual’s social function,
family life, and personal health [16].

Numerous studies have investigated the prevalence of
PTSD after pandemics. However, controversy exists with
regard to the prevalence and pattern of PTSD (e.g., PTSD
with acute onset or delayed onset) after such infectious
disease outbreaks. The prevalence of PTSD that has been
reported in epidemiological studies has varied widely,
depending on the particular outbreak, target population, and
methods that are used to assess the disorder. Such pre-
valence estimates range from 2.3 to 55.1% [17, 18]. For
example, a study in 2006 evaluated post-SARS PTSD
among SARS survivors and found that the rate of PTSD 3
and 12 months after the patients’ discharge was 46.2% and
38.8%, respectively [19]. Jalloh et al. [20] assessed the
mental health impact of the 2014–2016 Ebola epidemics on
the general population in affected countries and found that
76.4% of the general public showed any symptom of PTSD,
27% met the level of clinical concern for PTSD, and 16%
met the level of a probable diagnosis of PTSD. A recent
survey on posttraumatic stress symptoms during the
COVID-19 pandemic among residents in the hardest-hit
areas in China indicated a prevalence of 7% [21]. Although
epidemiological data on PTSD are growing, the global
prevalence of PTSD and its drivers in individuals after
pandemics remain largely unknown.

With the spread of COVID-19 pandemic, the global
estimate of burden of PTSD following pandemic is vital for

the development of intervention and management strategy.
However, to the best of our knowledge, no systematic
review or meta-analysis has reported the pooled prevalence
of PTSD after infectious disease pandemics and potential
risk factors. Such information would help guide public
health responses, medical resource allocation, and health
policy planning in anticipation of and during such world-
wide public health emergencies. The present systematic
review sought to provide a reliable estimate of the world-
wide prevalence of infectious disease pandemic-related
PTSD and investigate the effects of demographic char-
acteristics, clinical stage, and other factors on such
prevalence.

Methods

Search strategy and selection criteria

We performed a systematic review and meta-analysis
according to Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines [22]. We system-
atically searched the MedLine, Embase, PsycINFO, Web of
Science, CNKI, WanFang, medRxiv, and bioRxiv databases
to identify studies that were published from the inception up
to August 23, 2020, that reported the prevalence of PTSD
after infectious disease pandemics, including SARS, H1N1,
poliomyelitis, Ebola, Zika, Nipah, MERS-CoV, H5N1, and
COVID-19, as well as risk factors contributing to PTSD.
The search terms that were used to search the titles and
abstracts are listed in the Appendix. We also scanned
reference lists and review articles for additional studies that
might meet the inclusion criteria.

Two authors, YMG and L. Liu, independently assessed
the articles for their eligibility for inclusion. Studies were
included if they were longitudinal or cross-sectional stu-
dies regarding infectious disease pandemics, including
SARS, H1N1, poliomyelitis, Ebola, Zika, Nipah, MERS-
CoV, H5N1, and COVID-19 and met any of following
criteria: (1) peer-reviewed articles without language
restriction that reported the prevalence of PTSD after
these pandemics using a wide range of PTSD measure-
ment tools, including international diagnostic criteria,
actual medical records, and standard questionnaires or
instruments; (2) peer-reviewed articles that analyzed the
influential factors for high-risk of post-pandemic PTSD.
The following types of articles were excluded: case
reports, reviews, and dissertations. If the same sample was
used in more than one publication, only the data set with
the most comprehensive information was included to
avoid data duplication in the meta-analysis. The process
of identifying eligible studies and reasons for exclusion
are presented in Fig. 1.

Prevalence of posttraumatic stress disorder after infectious disease pandemics in the twenty-first. . . 4983



The following information was extracted from each
study according to a prespecified protocol: (1) first author,
(2) publication year, (3) region of research, (4) type of
infectious outbreak, (5) time of survey relative to the end of
pandemic, (6) PTSD assessment instrument, (7) study
population, (8) sample size, (9) PTSD prevalence (Table 1),
and (10) risk factors for PTSD. Only baseline data within
12 months after pandemics from longitudinal studies were
included when calculating overall prevalence. These data
were independently extracted from eligible papers by five of
the authors (YMG, SST, L. Liu, YJW, AYZ, and XXL) and
subsequently double-checked by two other authors (YMG
and YJW). Quality assessments of eligible studies were
conducted independently by two of the authors (YMG and
YJW) using the 11-item Agency for Healthcare Research
and Quality (AHRQ) for cross-sectional studies [23] and 9-
star Newcastle-Ottawa Scale (NOS) for cohort studies [24].
Studies with eight or more stars on the AHRQ and NOS
were determined to be high quality. All discrepancies were
resolved by group discussion and consensus.

Data analysis

All of the analyses were calculated using the statistical
packages for meta-analysis in Stata 12 software. Given the
potential clinical and methodological heterogeneities, a
random effects model was used to allow for a more con-
servative approach to calculate pooled prevalence esti-
mates. Pooled prevalence estimates are expressed as mean
estimates and 95% confidence intervals (CIs). We used an
I2 statistic estimate of ≥ 50% as an indicator of large

statistical heterogeneity. To explore potential sources of
heterogeneity, subgroups and meta-regression analyses
were conducted when possible using the following vari-
ables: population type (patients/infected survivors, health-
care workers, and general public), time of the survey
relative to the start of the pandemic (within 6 months vs.
over 6 months), gender (male and female), diagnostic
methods (clinical diagnosis and scales), income level of
countries (high-income vs. low- and middle-income coun-
tries based on the World Bank standard) [25], type of
infectious disease (SARS, H1N1, Poliomyelitis, Ebola,
Zika, Nipah, MERS-CoV, H5N1, and COVID-19), quar-
antine experience, and frontline work experience. Visual
examinations of funnel plots, Begg’s test, and Egger’s test
were used to assess the possibility of publication bias and
small-study effects. Sensitivity analyses were conducted to
identify the influence of individual studies on the pooled
estimates by excluding each of the studies from the pooled
estimate.

Results

A total of 1238 papers were initially retrieved (Fig. 1). After
screening, 659 were excluded based on the title and
abstract, 202 were excluded because they were duplicate
studies, 81 were excluded because they were reviews and
systematic reviews, and 18 were excluded because they
were case reports and academic dissertations. After
screening, 278 articles remained to be reviewed of the full-
text for eligibility. Of these articles, 190 were excluded
because they did not focus on the post-pandemic prevalence
or risk factors of PTSD, leaving a total of 88 eligible studies
included in the meta-analysis. Among these, 77
included prevalence information [18–21, 26–98] and
70 included risk factor information [8, 20, 21, 26,
29–32, 34–39, 42, 43, 47, 49–51, 53–58, 60–62, 64–67,
69–79, 81, 83–88, 90, 91, 92, 93–108].

Post-pandemic PTSD prevalence

Of the 77 studies that included prevalence data, three major
populations were analyzed and described, including 28 stu-
dies (24,815 participants) of healthcare workers, 14 studies
(2161 participants) of infected patients, and 38 studies
(176,855 participants) of the general public. Twenty-three
studies (29.9%) focused on SARS, 47 (61.0%) on COVID-
19, 3 (3.9%) on Ebola, 2 (2.6%) on MERS, 1 (1.3%) on
H1N1, and 1 on multiple diseases including SARS, H5N1,
and H1N1. Seventy studies (90.9%) used questionnaires to
identify PTSD, and 7 studies (9.1%) made a PTSD diag-
nosis by professional mental health workers. As not all
eligible studies reported gender information, quarantine

77 had prevalence 70 had risk factors

Fig. 1 Flow chart of study selection. Among 88 eligible studies
included in the meta-analysis, 77 included prevalence information and
70 included risk factor information.
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exposure, or frontline experiences, we only identified
11 studies (14.3%) in gender subgroup analysis, 13 (16.9%)
in quarantine subgroup analysis, and 14 (18.2%) in frontline
healthcare workers subgroup analysis. In the quality
assessment of the 88 eligible articles, 49 (55.7%) scored
8–10 points, 37 (42.0%) scored 6–7 points, and 2 (2.3%)
scored 5 points. The main problems with study quality were
generally associated with the following: no indication of
whether evaluators of subjective components of the study
were masked to other aspects of the status of the participants
and lack of information about any patient exclusions.

Almost all of the eligible studies evaluated the pre-
valence of PTSD within 12 months after the infectious
outbreak, with the exception of four studies which included
the prevalence at 30, 36, 41.4, 46 months, respectively
[39, 46, 58, 85]. The estimated prevalence of PTSD after the
pandemics was 22.6% (95% CI: 19.9–25.4%, I2: 99.7%).
We conducted subgroup analyses based on the different
populations and found that the prevalence of post-pandemic
PTSD in healthcare workers, infected patients, and the
general public was 26.9% (95% CI: 20.3%–33.6%), 23.8%
(95% CI: 16.6%–31.0%), and 19.3% (95% CI:
15.3%–23.2%), respectively (Fig. 2). Further subgroup
analyses were conducted and stratified by different popu-
lation type, assuming there was a sufficient number of eli-
gible studies for each clinical feature.

Subgroup analyses were performed with regard to the
time of PTSD assessment after the infectious outbreak,
gender, quarantine experience, diagnostic method, type of
infectious outbreak, and frontline experience (Fig. 3). We
did not find significant difference between the pooled pre-
valence of PTSD more than 6 months after infectious out-
break (21.1%; 95% CI: 15.7–26.6%) and that of within
6 months after infectious outbreak (22.5%; 95% CI:
19.6–25.4%). However, there were different time patterns in
prevalence observed among the three populations, though
no statistical difference was observed (p= 0.947). The
PTSD prevalence in infected patients more than 6 months
after the pandemic (28.8%; 95% CI: 14.7–42.8%) was
higher than that within 6 months after the pandemic (18.6%;
95% CI: 12.0–25.2%). However, among healthcare workers
and the general public, the PTSD prevalence more than
6 months after the pandemic (10%, 95% CI: 5.7%–14.4%;
12.4%, 3.6%–21.3%, respectively) was lower than within
6 months after the pandemic (28.6%, 95% CI:
21.4%–35.8%; 19.4%, 15.2%–23.5%, respectively).

The pooled prevalence of PTSD in males and females
after infectious disease outbreak was 26.2% (95% CI:
9.3%–43%) and 27.2% (95% CI: 15.4%–39.1%), respec-
tively (p= 0.916). Individuals with quarantine exposure
during the pandemic had higher prevalence of PTSD
(combined: 15.2%, 95% CI: 10.2–20.3%; healthcare
workers: 17.0%, 95% CI: 5.5–28.5%; general public:

16.6%, 95% CI: 10.7–22.5%) than the individuals without
quarantine experience (combined: 4.7%, 95% CI:
3.0–6.4%; healthcare workers: 4.0%, 95% CI: 1.8–6.2%;
general public: 5.7%, 95% CI: 3.1–8.3%), though the dif-
ferences were not significant (p= 0.162). Among healthcare
workers, the pooled post-pandemic prevalence of PTSD in
frontline was 30.8% (95% CI: 16.2–45.4%), which was
higher than in non-frontline workers (8.2%, 95% CI:
0.6–15.9%) (p= 0.051).

When dividing eligible studies in terms of diagnostic
methods, there was no difference of pooled post-pandemic
prevalence of PTSD between studies diagnosed by a pro-
fessional’s clinical standard (21.5%, 95% CI: 12.3–30.8%)
and studies using self-reported scales or questionnaire
(22.6%, 95% CI: 19.8–25.4%) (p= 0.935). The subgroup
PTSD prevalence was 23.8% (95% CI: 13.2–34.4%) in
patients and 8.9% (95% CI: 1.5–16.4%) in healthcare
workers by clinical diagnosis, and 24.1% (95% CI:
15.0–33.2%) and 26.9% (95% CI: 20.5–33.4%) by ques-
tionnaire. All the studies with general public participants
were assessed by scales with the estimated PTSD pre-
valence of 19.1% (95% CI: 15.2–23.0%). The estimated
post-pandemic prevalence of PTSD overall in high-income
regions and combined low- and middle-income regions was
24.6% (95% CI: 18.2%–31.1%) and 21.2% (95% CI:
18.3%–24.1%), respectively. The combined prevalence of
PTSD during the COVID-19, SARS, and other epidemics
(Ebola, MERS, and H1N1) was 24.6% (95% CI:
21.1%–28.1%), 19.9% (95% CI: 16.3%–23.4%), and 13.7%
(95% CI: 5.5%–21.9%), respectively. There was no differ-
ence between subgroups among different income levels
(p= 0.492) and pandemic types (p= 0.999).

Begg’s and Egger’s tests indicated no apparent publica-
tion bias (Fig. 4). A sensitivity analysis that excluded each
study individually provided similar estimates of PTSD
prevalence, suggesting that no single study included in the
meta-analysis was likely to have an inordinate impact on the
reported prevalence estimates.

Risk factors for post-pandemic PTSD

Seventy eligible studies reported risk factors for PTSD.
However, because of the considerable heterogeneity and
limited number of studies for each risk factor, only a sys-
tematic review but not a meta-analysis was conducted. We
categorized predisposing factors for higher risk of post-
pandemic PTSD into three groups: personal, family,
or societal factors; infectious-related factors; and factors
specific to subgroups. In terms of personal, family,
or societal factors, individuals who are female
[21, 31, 32, 34, 35, 39, 51, 57, 58, 65–67, 75,
76, 83, 86, 88, 90, 94, 97, 99, 100, 103, 104, 107], younger
[32, 43, 66, 69, 73–75, 87, 101, 103], with low annual income
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[38, 69] and low level of education [67, 90, 97, 103] had
higher risk of suffering from post-pandemic PTSD. Those
who lived in a city [43] and previous or current tobacco users

[67, 71] were also at greater risk. Poor psychological status
including higher levels of anxiety and depression
[43, 51, 91, 99], poor sleep quality [21, 76, 79], high stress

NOTE: Weights are from random effects analysis

.

.

.

Overall  (I-squared = 99.7%, p = 0.000)

Xu et al. (2020)

Luceno-Moreno et al. (2020)

Zhang et al. (2006)

Guo et al. (2020)

Lau et al. (2005)

Forte et al. (2020)

Shi et al. (2005)

Seyahi et al. (2020)

Wu et al. (2005)

Zhang et al. (2020)

Wang et al. (2020)

Guo et al. (2020)

Si et al. (2020)

Hong et al. (2009)

ID

Shi et al. (2005)

Ren et al. (2020)

Rossi et al. (2020)

Reynolds et al. (2008)
Rossi et al. (2020)

Mazza et al. (2020)

Liu et al. (2020)

Nie et al. (2020)

Joseph et al. (2020)

Liu et al. (2020)

Zhang et al. (2006)

Guo et al. (2020)

Huang et al. (2020)

Leng et al. (2020)
Li et al. (2020)

Jalloh et al. (2018)
Hawryluck et al. (2004)

Yin et al. (2020)

Shi et al. (2020)

Tan et al. (2020)

Zhang et al. (2006)

Gao et al. (2006)

Berthelot et al. (2020)
General Public

Subtotal  (I-squared = 96.6%, p = 0.000)

Giusti et al. (2020)

Lee et al. (2006)

Hugo et al. (2015)

Subtotal  (I-squared = 99.8%, p = 0.000)

Yan et al. (2004)

Lee et al. (2017)

Bai et al. (2004)

Tian et al. (2020)

Chan et al. (2004)

Liu et al. (2020)

Chew et al. (2020)

Keita et al. (2017)

Sun et al. (2020)

Feng et al. (2020)

Chen et al. (2005)

Lin et al. (2020)

Study

Leng F. (2020)

Subtotal  (I-squared = 99.4%, p = 0.000)

Gonzalez Ramirez et al. (2020)

Tang et al. (2020)

Park et al. (2020)

Seyahi et al. (2020)

Wang  et al. (2020)

Sun et al. (2020)

Liang et al. (2020)

Tham et al. (2004)

Song et al. (2020)

Li Q. (2020)

Xu et al. (2011)

Gonzalez-Sanguino et al. (2020)

Shahrour et al. (2020)

Yang et al. (2007)

Zhao et al. (2020)

Sim et al. (2004)

Sun et al. (2020)

Lin et al. (2007)

Shi et al. (2005)

Fekih-Romdhane et al. (2020)

Sim et al. (2010)

Su et al. (2007)

Karatzias et al. (2020)

Kwek et al. (2006)

Patients

Wei et al. (2020)

Qi et al. (2020)

Healthcare Workers

Li et al. (2020)

0.226 (0.199, 0.254)

0.112 (0.100, 0.124)

0.566 (0.540, 0.592)

0.258 (0.167, 0.349)

0.019 (-0.007, 0.045)

0.157 (0.132, 0.182)

0.277 (0.259, 0.296)

0.039 (0.005, 0.073)

0.291 (0.262, 0.320)

0.040 (0.006, 0.074)

0.106 (0.097, 0.115)

0.383 (0.331, 0.435)

0.010 (-0.009, 0.029)

0.402 (0.369, 0.435)

0.400 (0.285, 0.515)

ES (95% CI)

0.067 (-0.022, 0.156)

0.070 (0.055, 0.085)

0.494 (0.467, 0.520)

0.146 (0.125, 0.167)
0.371 (0.364, 0.378)

0.280 (0.236, 0.324)

0.318 (0.288, 0.348)

0.738 (0.685, 0.791)

0.655 (0.616, 0.694)

0.070 (0.040, 0.100)

0.312 (0.218, 0.406)

0.204 (0.188, 0.220)

0.274 (0.216, 0.332)

0.056 (0.008, 0.104)
0.507 (0.439, 0.576)

0.160 (0.148, 0.172)
0.289 (0.211, 0.367)

0.038 (0.019, 0.057)

0.244 (0.240, 0.248)

0.108 (0.085, 0.131)

0.551 (0.460, 0.642)

0.462 (0.343, 0.581)

0.012 (0.002, 0.021)

0.238 (0.166, 0.310)

0.367 (0.315, 0.419)

0.089 (0.043, 0.135)

0.210 (0.117, 0.303)

0.193 (0.153, 0.232)

0.098 (0.063, 0.132)

0.047 (-0.005, 0.099)

0.050 (0.027, 0.073)

0.023 (-0.008, 0.054)

0.192 (0.162, 0.222)

0.124 (0.100, 0.149)

0.074 (0.057, 0.091)

0.045 (-0.004, 0.094)

0.044 (0.022, 0.066)

0.047 (0.046, 0.049)

0.110 (0.056, 0.164)

0.158 (0.148, 0.168)

0.736 (0.634, 0.838)

0.269 (0.203, 0.336)

0.277 (0.263, 0.291)

0.027 (0.021, 0.033)

0.429 (0.307, 0.551)

0.464 (0.422, 0.506)

0.168 (0.117, 0.220)

0.052 (0.042, 0.062)

0.144 (0.116, 0.172)

0.177 (0.101, 0.253)

0.091 (0.086, 0.096)

0.671 (0.643, 0.699)

0.020 (0.012, 0.028)

0.158 (0.146, 0.170)

0.640 (0.596, 0.684)

0.089 (0.015, 0.164)

0.056 (0.036, 0.076)

0.094 (0.060, 0.128)

0.177 (0.160, 0.194)

0.193 (0.108, 0.278)

0.500 (0.010, 0.990)

0.330 (0.292, 0.368)

0.258 (0.216, 0.300)

0.284 (0.196, 0.372)

0.177 (0.154, 0.200)

0.417 (0.295, 0.539)

0.602 (0.543, 0.661)

0.122 (0.022, 0.222)

0.111 (0.095, 0.127)

100.00

1.32

1.30

1.15

1.30

1.31

1.31

1.29

1.30

1.29

1.32

1.26

1.31

1.29

1.07

Weight

1.16

1.31

1.30

1.31
1.32

1.28

1.30

1.26

1.29

1.30

1.14

1.31

1.25

1.27
1.22

1.32
1.19

1.31

1.32

1.31

1.15

1.06

1.32

15.63

1.26

1.27

1.15

49.18

1.29

1.26

1.31

1.30

1.30

1.31

1.31

1.27

1.31

1.32

1.25

1.32

%

1.12

35.18

1.31

1.32

1.05

1.28

1.26

1.32

1.30

1.20

1.32

1.30

1.32

1.32

1.28

1.20

1.31

1.29

1.31

1.17

0.25

1.29

1.28

1.16

1.31

1.05

1.24

1.12

1.31

0.226 (0.199, 0.254)

0.112 (0.100, 0.124)

0.566 (0.540, 0.592)

0.258 (0.167, 0.349)

0.019 (-0.007, 0.045)

0.157 (0.132, 0.182)

0.277 (0.259, 0.296)

0.039 (0.005, 0.073)

0.291 (0.262, 0.320)

0.040 (0.006, 0.074)

0.106 (0.097, 0.115)

0.383 (0.331, 0.435)

0.010 (-0.009, 0.029)

0.402 (0.369, 0.435)

0.400 (0.285, 0.515)

ES (95% CI)

0.067 (-0.022, 0.156)

0.070 (0.055, 0.085)

0.494 (0.467, 0.520)

0.146 (0.125, 0.167)
0.371 (0.364, 0.378)

0.280 (0.236, 0.324)

0.318 (0.288, 0.348)

0.738 (0.685, 0.791)

0.655 (0.616, 0.694)

0.070 (0.040, 0.100)

0.312 (0.218, 0.406)

0.204 (0.188, 0.220)

0.274 (0.216, 0.332)

0.056 (0.008, 0.104)
0.507 (0.439, 0.576)

0.160 (0.148, 0.172)
0.289 (0.211, 0.367)

0.038 (0.019, 0.057)

0.244 (0.240, 0.248)

0.108 (0.085, 0.131)

0.551 (0.460, 0.642)

0.462 (0.343, 0.581)

0.012 (0.002, 0.021)

0.238 (0.166, 0.310)

0.367 (0.315, 0.419)

0.089 (0.043, 0.135)

0.210 (0.117, 0.303)

0.193 (0.153, 0.232)

0.098 (0.063, 0.132)

0.047 (-0.005, 0.099)

0.050 (0.027, 0.073)

0.023 (-0.008, 0.054)

0.192 (0.162, 0.222)

0.124 (0.100, 0.149)

0.074 (0.057, 0.091)

0.045 (-0.004, 0.094)

0.044 (0.022, 0.066)

0.047 (0.046, 0.049)

0.110 (0.056, 0.164)

0.158 (0.148, 0.168)

0.736 (0.634, 0.838)

0.269 (0.203, 0.336)

0.277 (0.263, 0.291)

0.027 (0.021, 0.033)

0.429 (0.307, 0.551)

0.464 (0.422, 0.506)

0.168 (0.117, 0.220)

0.052 (0.042, 0.062)

0.144 (0.116, 0.172)

0.177 (0.101, 0.253)

0.091 (0.086, 0.096)

0.671 (0.643, 0.699)

0.020 (0.012, 0.028)

0.158 (0.146, 0.170)

0.640 (0.596, 0.684)

0.089 (0.015, 0.164)

0.056 (0.036, 0.076)

0.094 (0.060, 0.128)

0.177 (0.160, 0.194)

0.193 (0.108, 0.278)

0.500 (0.010, 0.990)

0.330 (0.292, 0.368)

0.258 (0.216, 0.300)

0.284 (0.196, 0.372)

0.177 (0.154, 0.200)

0.417 (0.295, 0.539)

0.602 (0.543, 0.661)

0.122 (0.022, 0.222)

0.111 (0.095, 0.127)

100.00

1.32

1.30

1.15

1.30

1.31

1.31

1.29

1.30

1.29

1.32

1.26

1.31

1.29

1.07

Weight

1.16

1.31

1.30

1.31
1.32

1.28

1.30

1.26

1.29

1.30

1.14

1.31

1.25

1.27
1.22

1.32
1.19

1.31

1.32

1.31

1.15

1.06

1.32

15.63

1.26

1.27

1.15

49.18

1.29

1.26

1.31

1.30

1.30

1.31

1.31

1.27

1.31

1.32

1.25

1.32

%

1.12

35.18

1.31

1.32

1.05

1.28

1.26

1.32

1.30

1.20

1.32

1.30

1.32

1.32

1.28

1.20

1.31

1.29

1.31

1.17

0.25

1.29

1.28

1.16

1.31

1.05

1.24

1.12

1.31

0-.1 0 .75

Fig. 2 Combined prevalence of post-pandemic PTSD. The estimated prevalence of PTSD after the pandemics was 22.6%. ES: estimated
prevalence; CI: confidence interval; Subtotal: estimated prevalence of each subgroup.
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levels [8, 49, 51], low levels of distress tolerance [55],
neurotic and psychopathic personality [70, 78], and
any other psychiatric disorder or history
[31, 35, 50, 58, 61, 67, 69, 73, 84, 107] all were associated
with higher risk of PTSD. In addition to these aspects of an
individual’s psychological status, personal physical comor-
bidities [30, 39, 58, 67, 71] and PTSD symptoms among
their family members were also associated with more
risk [75]. Encountering traumatic events [51, 99, 107]
before the outbreak also put an individual at higher risk
of developing post-pandemic PTSD, especially when
individuals utilized inappropriate coping strategies when
dealing with the adverse events [36, 60, 62, 70–73, 83, 96].
Family and societal factors included low family/social support
level [8, 47, 55, 74, 94, 97, 107], having or living with

children [43, 56, 67, 94, 103], and limited living space
[34, 103].

Some pandemic-related factors were associated with
increased risk of developing PTSD. Quarantine or the experi-
ence of social isolation due to pandemic
[26, 34, 38, 64, 66, 69, 75] was a major risk factor for post-
pandemic PTSD, along with poor social life [47, 108], eco-
nomic loss [34, 77, 93, 101], and impact on livelihood
[34, 36, 66, 78]. In addition, having high risk or perception of
high risk of contracting infection was also associated with
greater risk of post-pandemic PTSD. This included being
suspected or confirmed to be infected [35, 37, 69, 86], knowing
relatives/friends/acquaintances infected/hospitalized/died due to
the infection [20, 32, 35, 38, 39, 42, 66, 69, 71, 76,
85–87, 103], having family/friends with more exposure to the

Subgroup
No. of

studies
I² (%) P value

37llarevO 22.6%(19.9-25.4%) 99.7
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Fig. 3 Subgroup analysis of post-pandemic PTSD prevalence across variables. Estimated prevalence of each subgroups of Post-trauma
duration, Gender, Regions, Quarantine experience, Diagnostic methods, Infections disease and Frontline work experience are provided. P value
less than 0.05 refers to statistical difference in subgroups. CI: confidence interval.
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infection [103], perceiving there was a high risk/threat of
contracting infection [20, 34, 42, 43, 54, 57, 60, 69,
76–79, 85, 86, 98, 103, 106, 108], and exposure to excessive
negative information about the infection [42, 67].
Negative psychological responses to the infection, including
feeling anxious/depressed [61, 99, 108], stressful
[47, 53, 66, 70], extremely fearful and helpless
[47, 55, 71, 79, 86], and any other negative feelings [81],
during the pandemic were all risk factors for post-pandemic
PTSD. Other pandemic-related factors that increased PTSD
risk included individuals having uncertainty of the possibility
of contracting infection [32] and those who felt stigmatized
because of the pandemic [77].

Some risk factors were specific to healthcare workers and
some to patients. Among healthcare workers, nurses
[29, 71, 74], frontline workers [8, 53, 65, 95, 105, 108],
those working in high-risk community [57], technicians [8],
general practitioners [65], nonlocal aid workers supporting
the highest-hit areas [92], were all groups at higher risk of
developing post-pandemic PTSD. Healthcare workers who
had less working experience [8, 49, 74, 91, 108], low job
satisfaction [83], and longer work shifts [74, 92] were
at more risk. Feeling fearful of potential harm, death, and
life out of control due to the pandemic [102], having a
colleague infected/hospitalized/in quarantine/deceased
[65, 91], and having concerns that a person the healthcare
worker lived with may be infected [57] were also associated
with healthcare workers being at higher risk. As for infected
patients, some clinical factors including higher
disease severity [56], low level of SaO2 during hospitali-
zation [84], feelings of discrimination [56, 61], and death of
family members from infection [56] were major risk
factors for PTSD development. Box 1 summarizes the

categorized risk factors determined by our systematic
review.

Discussion

To our knowledge, this is the first systematic review and
meta-analysis that specifically focused on the pooled esti-
mate of prevalence of PTSD after large-scale infectious
disease outbreaks, including COVID-19 pandemic, as well
as risk factors contributing to higher post-pandemic PTSD.
A number of meta-analyses and systematic reviews of
PTSD have been conducted after natural disasters, such as
floods, earthquakes [109, 110], and other significant trau-
matic events, such as the World Trade Center disaster in
2001 [111]. The combined prevalence of PTSD after
infectious disease pandemics that was found in the present
study (23%) was even higher than the estimated pooled
prevalence after other disasters, such as major traumatic
events (~20%) [112] and floods (~16%) [110]. Our results
indicate that PTSD is common in individuals who experi-
ence infectious diseases outbreaks, which may persist over a
relatively long period of time. Confirmed cases of infection,
frontline healthcare workers, and quarantined individuals
tend to be vulnerable populations who have a higher
potential of developing post-pandemic PTSD. We reviewed
and categorized the numerous potential risk factors for post-
pandemic PTSD and these findings indicate that early
screening and timely evidence-based interventions and
social support should be applied to potentially mitigate
post-pandemic PTSD and related psychological problems
during COVID-19 and future pandemics.

According to the Diagnostic and Statistical Manual of
Mental Disorders, PTSD has a variable course. Acute stress
disorder can be present in the initial month after a traumatic
event, after which only a proportion of these people will
subsequently develop PTSD [113]. In addition, a small
proportion of people can develop delayed PTSD with the
onset of the disorder occurring at least 6 months after the
traumatic event [114]. Recent work shows that many cases
of delayed-onset PTSD actually reflect worsening of
symptoms over time as a result of stressors that occur after
the traumatic event [115]. We performed a subgroup ana-
lysis using 6 months as the dividing time point. We
observed that the pooled prevalence of PTSD within
6 months and after 6 months was both stable at a high level
(about 20%), though there was an increasing trend of the
post-pandemic prevalence of PTSD among patients
(≤6 months: 19%; >6 months: 29%). One study included in
our meta-analysis even reported that the prevalence of
PTSD among SARS survivors over 46 months was high at
about 40% [39]. The reasons for this high and essentially
stable prevalence over 4 years might involve the following:

Fig. 4 Begg’s funnel plot. Begg’s funnel plot indicated no apparent
publication bias and Begg’s and Egger’s tests confirmed that (p value
of both Begg’s and Egger’s tests are greater than 0.05). r: estimated
prevalence.
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(1) PTSD is an enduring and pervasive mental disorder for
many patients [116], and (2) the median recovery time may
extend for years, especially in those who experience trauma
directly. Long-term and sustained PTSD emphasizes the
need for attention and continuous follow-up and studies of
suitable interventions and the mechanisms by which this
occurs. We could not perform the subgroup analysis over a
time period longer than 1 year because of the limited
number of studies that had sufficiently long assessment
periods. More longitudinal studies with longer follow-up
times are clearly needed.

Previous studies suggested that the female gender may be
a significant risk factor for developing PTSD [58, 86, 117].
Moreover, PTSD persists for a longer period of time in
females than in males [39]. However, in the present meta-
analysis, there was no significant difference of the post-
pandemic prevalence of PTSD between females (27%) and
males (26%). This might be partially accounted for by a
higher family burden of the males and being more

concerned about family members, which may compromise
their mental health status [74]. Furthermore, more frequent
risky behaviors during epidemics (e.g., going to crowded
places or less likely to wear masks) and the resulting higher
infective rate [118, 119] might also contribute to the similar
prevalence of PTSD between females and males. These
findings have important implications for the clinical practice
and policymakers that both genders are equally susceptible
to PTSD within the context of infectious diseases.

Healthcare workers generally face enormous physical and
mental pressures from a higher likelihood of burnout from
overwork and being infected, the anxiety and distress that are
associated with isolation, instinctive fear and frustration dur-
ing work, and feeling stigmatized and rejected in their
neighborhoods because of their hospital work [26, 30, 120].
Based on this analysis, healthcare workers had a higher trend
of overall prevalence of PTSD and PTSD prevalence within
6 months after the pandemic (27% and 29%, respectively)
compared with the general public (both 19%). Besides, the

Box 1 Factors that increase risk of post-pandemic PTSD

Personal, family, or societal factors Infectious-related factors Factors specific to subgroups

Personal factors
Demographic characteristics

Agea

Older [39, 90, 94, 98, 99]
Younger [32, 43, 66, 69, 73–75, 87, 101, 103]

Gender
Male [8, 43, 69, 74]
Female [21, 31, 32, 34, 35, 39, 51, 57, 58, 65–67, 75,
76, 83, 86, 88, 90, 94, 97, 99, 100, 103, 104, 107]

Low annual income [38, 69]
Occupation
Business units [90, 93]
Healthcare Workers [64, 84, 90, 104]

Education
Lower level [67, 90, 97, 103]
Being a graduating/final year student [79, 97]

Living in a city [43]
Smoker [67, 71]

Physiological and psychological comorbidity or history
Comorbidity: anxiety [43, 51, 91, 99], depression
[43, 51, 91, 99], poor sleep quality [21, 76, 79],
higher stress level [8, 49, 51], having physical
comorbidity [30, 39, 58, 67, 71]
History: psychiatric or neurological disorder history
[31, 35, 50, 58, 61, 67, 69, 73, 84, 107], neurotic and
psychopathic personality [70, 78], low distress
tolerance [55], trauma or adverse experience history
[99, 107] experiences [51]
Family member having higher PTSD score [75]

Inappropriate coping strategy
High internet addiction [51] or anxiolytic substances
use [101]
Negative or passive coping strategy [36, 60, 62,
70–73, 83, 96]

Decreased support status
Quarantine [26, 34, 38, 64, 66, 69, 75]
Economic loss [34, 77, 93, 101]
Poorer social life [47, 108]
Impact on livelihood (change in routine,
less activity, work life) [34, 36, 66, 78]

Perceived high risk of infection
Being infected or having infection-
associated symptoms [35, 37, 69, 86]
Knowing or exposing to someone infected
or hospitalized
[20, 32, 35, 38, 39, 42, 66, 69, 71, 76,
85–87, 103]
Perception of having high risk/threat of
contracting infection
[20, 34, 42, 43, 54, 57, 60, 69,
76–79, 85, 86, 98, 103, 106, 108]
Perception of poor hygiene in the
workplace [78]
Negative information exposure [42, 67]

Psychological response toward infection
Having anxious or depressive affect
[61, 99, 108]
Having uncertainty of the possibility of
contracting infection [32]
Perceived negative feeling toward the
infection [81]
Elevated stress level [47, 53, 66, 70]
Feel horrified, apprehensive and helpless/
loneliness because of infection
[47, 55, 71, 79, 86]
Regarding oneself as having been the
target of discrimination, stigma [77]

Factors specific to HCW
Work in high-risk units/communities
Nurses [29, 71, 74]
Frontline [8, 53, 65, 95, 105, 108]
Working in a hospital or high-risk community [57]
Technician (inadequate protection) [8]
General practitioner [65]
Nonlocal aid worker [92]

Work experience
Fewer working experience [8, 49, 74, 91, 108] (with
one exception [60])
Lower degree of job satisfaction [83]
Longer work shifts [74, 92]

Psychological response
Insecurity (fear of potential harm, death, and life out of
control) followed by instability (work-environment
changes and assignment to high-risk units) and
infection [102]
Having colleagues infected/hospitalized/in quarantine/
deceased [65, 91]
Concerning that a person he/she lives with may be
infected [57]

Family and societal factors
Low family/friends support [8, 47, 55, 74, 94, 97, 107]
Have/live with children [43, 56, 67, 94, 103]
Limited living space [34, 103]
Marital status

Married [39, 73, 90, 94]
Unmarried [34, 69, 78, 87]

Factors specific to patients
Higher disease severity [56]
Lowest level of SaO2 during hospitalization [84]
Feeling discriminated [56, 61]
Death of family members from infection [56]

aThe role of age in occurrence of post-infectious PTSD is not clear, though lots of studies reported that younger individuals are more at risk. In
terms of the range of age, the results are mixed. Typically, individuals < 30 are classified as the younger, while individuals more than 60 are the
older ones.
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pooled prevalence of post-pandemic PTSD was 31% among
frontline healthcare workers and 8% among non-frontline
healthcare workers. It suggested a much greater stress that is
experienced by frontline healthcare workers and correspond-
ingly greater need for proper preventive care and interventions
for their mental health. Frontline nurses also deserve parti-
cular attention. Of 28 included investigations about post-
pandemic PTSD prevalence among healthcare workers,
6 studies [29, 49, 60, 68, 81, 83] focused particularly on
frontline nurses and found a high prevalence of PTSD, which
indicates relative vulnerability of this group to develop post-
pandemic PTSD. Uncomfortable working environments
including the long-term use of personal protective equipment,
intense and often overloaded work intensity of an extended
duration because of severe pandemic conditions, a lack of
understanding and specific drugs to fight the disease, and
unavoidable psychological shock that is caused by the demise
of infected patients all contribute to the high prevalence of
PTSD among both frontline healthcare workers and frontline
nurses. Another specific group of healthcare workers worth
particular attention was those who worked on the frontline
and who contacted the infection and became patients. Front-
line healthcare workers are at very high risk of exposure to
infection and are in very high potential risk to be infected.
Once they become vectors of the virus and unaware of it, they
will subsequently transmit it to their patients and colleagues
through close contact. Therefore, frontline healthcare workers
who became patients may not only feel fearful, stressful,
lonely as other patients do, they may also be likely to feel
guilty because they are unsure whether there are more victims
because of them [8, 19, 28].

Quarantine is one of the major public health measures
that is intended to prevent the further spread of an infectious
disease, which has been shown to effectively contain a
pandemic outbreak. However, the psychological impact of
quarantine, including feelings of uncertainty, exhaustion,
insomnia, and detachment from others, is wide ranging,
long lasting, and substantial [121]. Moreover, evidence
shows that the duration of quarantine is significantly asso-
ciated with greater PTSD symptoms [38]. In the present
meta-analysis, the pooled prevalence of post-pandemic
PTSD among pandemic victims who had experience with
quarantine during the outbreak (15%) was higher than that
among victims without quarantine experience (5%), though
there was no statistical difference. Furthermore, quarantine
was also associated with other negative mental health out-
comes such as anxiety, depression, and insomnia [66, 69].
To maximize the benefits of quarantine and minimize its
negative impacts, policymakers are encouraged to keep the
duration of quarantine as short as possible, give quarantined
individuals as much necessary information as possible,
provide adequate supplies, reduce boredom, improve com-
munications, and ensure that quarantined people understand

the reasons for and implications of quarantine [121]. What
is more, digital support including online health monitoring
systems and online social platforms is particularly necessary
during this period [122].

Previous studies have suggested that the annual income
may be one of the important factors involved in mental dis-
orders, and those with lower income levels were more likely
to have depression, anxiety, insomnia, suicidal ideation, and
suicide attempts [69, 123]. However, there was no significant
difference of the post-pandemic PTSD prevalence between
high-income regions (24.6%) and the low- to middle-income
regions (21.2%) in our analysis. This might be partially
accounted for by a lack of studies in low- to middle-income
region studies (e.g., Ebola). Moreover, the majority of high-
income region studies were drawn from SARS experiences in
Taiwan and Hong Kong, which compromises the repre-
sentativeness and generalizability of these data. These find-
ings remind us that post-pandemic PTSD is a severe problem
across all regions and populations. Hence, more investigations
in different areas around the world using formal clinical
diagnosis rather than self-rating questionnaires are encouraged
to provide us with more accurate information as to post-
pandemic PTSD prevalence and risk factors.

Most studies have suggested that age was another major
demographic factor that contributes to higher risk of post-
pandemic PTSD, although in our review, different studies
had inconsistent conclusions regarding which age group
was more likely to be PTSD victims. Through our review,
those having children, married/widowed/divorced, working
in business units, and encountering economic difficulties
due to the infections are at high risk of developing PTSD
[34, 39, 43, 56, 67, 73, 77, 90, 93, 94, 101, 103]. It suggests
that the living conditions, responsibility, or source of stress
at a given age are the “culprit” of individuals’ PTSD post-
pandemic. Another risk factor worth our attention is per-
ceived stigmatization or discrimination due to the pandemic
[56, 61, 77]. Infected patients are not only the vectors of
infection, but also often the victim of social stigma fol-
lowing the infection. Healthcare workers can also experi-
ence social stigmatization since they work directly with
infected patients. As many studies have demonstrated a
close relationship between stigmatization and psychiatric
morbidities (e.g. [41, 46, 61]), there is a great need to
enhance publicity and education of the harm of stigmati-
zation to reduce the process of social stigmatization and its
impact as well as to deploy psychological interventions for
those perceiving stigmatization.

The significance of this study lies in the application of
the present meta-analytic strategy, the inclusion of major
large-scale twenty-first century pandemics, and the use of a
relatively large sample to evaluate the combined post-
pandemic prevalence of PTSD. Equally informative part
was the use of subgroup analyses that identified several risk
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factors for post-pandemic PTSD, including being infected
survivors, the female gender, frontline medical and nursing
staff, and having experience with quarantine during pan-
demic outbreaks. We also found that PTSD symptoms
persisted over a relatively long period of time. These find-
ings demonstrate that the burden of PTSD among infected
survivors, frontline medical and nursing staff, and quar-
antined individuals is substantial and pervasive. Further-
more, 61% eligible studies in this meta-analysis focused on
COVID-19, reflecting the great attention paid by all over the
world toward this serious pandemic. This study sought to
inform us about prevalence and risk factors that might be
particularly salient for our understanding of the develop-
ment of post-pandemic PTSD. Appropriate monitoring,
timely interventions, social support, and long-term follow-
up should be applied to mitigate post-pandemic PTSD and
related psychological disturbances, particularly in high-risk
populations. Our findings are also underscored by a large
population study from the USA which found that having a
psychiatric disorder in the preceding 12 months was a risk
factor of contracting COVID-19 [124]. Our study indicated
that as COVID-19 continues, addressing mental health may
also be an important public health strategy for reducing
transmission of the virus and promoting social and eco-
nomic development [125].

This study has several potential limitations. First, the
number of studies that performed longitudinal assessments
was relatively small, and the time window of these studies
was relatively short. Second, although we initially searched
for all major large-scale pandemics since 2000, only 6 out of
77 eligible studies that focused on the prevalence of PTSD in
pandemics (Ebola, MERS, and H1N1) other than SARS and
COVID-19 were identified and analyzed. Third, we observed
substantial heterogeneity in the estimates of PTSD prevalence
across studies. The causes of this heterogeneity might be
partly explained by geographical distribution, variability
among different populations, measurement differences, and
between-study differences in population characteristics, but
the remaining unexplained heterogeneity was still substantial
(I2 > 50%). However, given so many variables and responses
to the trauma made by the public during each pandemic,
clinical heterogeneity may not be surprising as the PTSD
prevalence after a pandemic might not be a singular clinically
meaningful entity. Finally, there were insufficient data to
allow subgroup comparisons that could be stratified by other
variables that are likely associated with PTSD, such as age
and comorbidities.

Conclusions

In conclusion, the combined prevalence of PTSD in
individuals after infectious disease pandemics exceeded

one-fifth, with the highest prevalence observed in
healthcare workers, followed by infected patients and the
general public. Our findings indicate that post-pandemic
PTSD is a significant public health concern after infec-
tious disease pandemics, including COVID-19. The PTSD
should be paid attention to by policymakers all over the
world because of the substantial burden in population
regardless of the different sex, gender, geographical
coverage, income levels, etc. Public health strategy
involving mental health response is warranted, especially
in the area of post-pandemic and even after long-term
recovery period. Early detection and early interventions
should be implemented comprehensively and extensively,
especially for vulnerable populations, including infected
survivors, frontline medical and nursing staff, and indi-
viduals with quarantine experience, to improve post-
pandemic mental health and recovery in the long-term.
More longitudinal studies with longer follow-up times
after COVID-19 are needed.
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