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Abstract

Background

The Coronavirus Disease 2019 (COVID-19) outbreak has escalated the burden of psycho-

logical distress. We aimed to evaluate factors associated with psychological distress among

the predominantly general population during the COVID-19 pandemic.

Methods

We searched PubMed, EMBASE, Scopus, Cochrane Library, PsycINFO, and World Health

Organization COVID-19 databases (Dec 2019–15 July 2020). We included cross-sectional

studies that reported factors associated with psychological distress during the COVID-19

pandemic. Primary outcomes were self-reported symptoms of anxiety and depression. Ran-

dom-effects models were used to pool odds ratios (OR) and 95% confidence intervals (CI).

The protocol was registered in PROSPERO (#CRD42020186735).

Findings

We included 68 studies comprising 288,830 participants from 19 countries. The prevalence

of anxiety and depression was 33% (95% CI: 28%-39%) and 30% (26%-36%). Women ver-

sus men (OR: 1.48 [95% CI: 1.29–1.71; I2 = 90.8%]), younger versus older (< versus�35

years) adults (1.20 [1.13–1.26]; I2 = 91.7%), living in rural versus urban areas (1.13 [1.00–

1.29]; I2 = 82.9%), lower versus higher socioeconomic status (e.g. lower versus higher

income: 1.45 [1.24–1.69; I2 = 82.3%]) were associated with higher anxiety odds. These fac-

tors (except for residential area) were also associated with higher depression odds. Further-

more, higher COVID-19 infection risk (suspected/confirmed cases, living in hard-hit areas,
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having pre-existing physical or mental conditions) and longer media exposure were associ-

ated with higher odds of anxiety and depression.

Interpretation

One in three adults in the predominantly general population have COVID-19 related psycho-

logical distress. Concerted efforts are urgently needed for interventions in high-risk popula-

tions to reduce urban-rural, socioeconomic and gender disparities in COVID-19 related

psychological distress.

Introduction

The Coronavirus Disease 2019 (COVID-19) outbreak has posed serious threats to public

health across the globe. As of 23 August 2020, over 23 million confirmed cases and more than

800,000 deaths have been reported in 216 countries worldwide [1]. The unparalleled rate of

transmission and the interruption of routine life by the institution of containment interven-

tions (e.g. lockdown, quarantine, social distancing) has resulted in an adverse psychological

impact on the mental well-being of populations across the globe [2–5]. A recent meta-analysis

including studies from 17 countries conducted during the COVID-19 pandemic showed that

32% and 27% of the general population have symptoms of depression and anxiety, respectively

[6], which sharply increased from the corresponding prevalence of 4.4% and 3.6% estimated in

2015 globally [7].

However, factors associated with the increased susceptibility to psychological distress dur-

ing the COVID-19 pandemic are not well known. A few recent studies found that women [8–

12], individuals with lower socioeconomic status (SES) (lower levels of education and income,

and unemployment) [8, 13–19], residing in rural areas [13, 18, 19], and those with higher risk

of COVID-19 infection [15, 20–22] have higher prevalence of depression and anxiety com-

pared to their respective counterparts. However, results have not been entirely consistent, and

some other studies did not observe the above-mentioned associations [8, 10, 13, 16, 20, 21].

Although a few meta-analyses have been conducted to investigate the prevalence of psycholog-

ical distress related to the COVID-19 pandemic, studies on determinants of psychological dis-

tress have largely focused on healthcare workers [6, 23–26]. Systematic reviews on factors

associated with psychological distress in the general population during the COVID-19 pan-

demic have not been reported. Understanding these factors is of significant clinical and public

health importance worldwide for the risk stratification and designing psychosocial interven-

tion programs. Studies have shown that psychosocial interventions are beneficial for the pre-

vention and treatment of anxiety and depression and therefore could reduce the related

morbidity [27–29]. Given the rapidly developing situation of the COVID-19, policy makers

across the globe need the best evidence urgently to guide resource planning and targeted inter-

ventions for the public.

Therefore, we conducted a systematic review and meta-analysis to explore factors associ-

ated with psychological distress among the predominantly general population including high-

risk or vulnerable patients with particular focus on gender, age, rural residence, and SES strata.

We hypothesize that women, older adults, individuals residing in rural versus urban areas, and

those of lower SES strata are associated with higher odds of psychological distress during the

COVID-19 pandemic.
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Materials and methods

Search strategy

To conduct the current systematic review and meta-analysis, we followed the Preferred

Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) [30] and Meta-analysis

Of Observational Studies in Epidemiology (MOOSE) [31] guidelines. We conducted a system-

atic search on PubMed, EMBASE, Scopus, Cochrane Library, PsycINFO, and the World

Health Organization (WHO) COVID-19 database (from Dec 2019 to 15 July 2020). We also

manually searched the references of relevant reviews [6, 23–25, 32–37]. We did not assess grey

literature sources. The full list of search terms can be found in the Supplemental Material. In

brief, we used a combination of terms relating to psychological distress (e.g. anxiety, depres-

sion, stress, distress, post-traumatic stress, insomnia) and COVID-19 (e.g. COVID,

2019-ncov, sars-cov-2, novel coronavirus, severe acute respiratory syndrome coronavirus 2).

MESH and Emtree terms with explosion of narrower terms were used to broaden search

results. Prior to the literature search, we registered our study protocol with the National Insti-

tute for Health Research International prospective register of systematic reviews (PROSPERO,

#CRD42020186735) [38].

Selection criteria

Two investigators (M.P.K. and Y.W.) independently performed the search and assessed all

articles for eligibility, and any discrepancy was resolved after discussing with a third investiga-

tor (T.H.J.). Articles were considered for inclusion if: 1) authors reported risk estimates (odds

ratio [OR] and 95% confidence interval [CI]) of factors associated with higher odds of self-

reported psychological distress (e.g. anxiety, depression, distress, stress, post-traumatic stress,

and insomnia) using standardized and validated psychometric tools; 2) studies reported at

least one of the pre-defined factors: gender, age, rural residence, and SES strata (education,

income, and employment status); and 3) articles were original, peer-reviewed cross-sectional

studies and published in English or Chinese languages. Articles were excluded if they: 1) were

not relevant (not using pre-defined factors as the exposure or psychological distress of

COVID-19 as the outcome); 2) did not report the OR of factors (e.g. studies using linear

regression analyses) or associated 95% CI; 3) were animal or experimental studies, reviews, or

meta-analyses; 4) were conducted exclusively among healthcare professionals. Eligibility was

assessed by first screening titles and abstracts, followed by full-text reviews.

The following summary estimates of included articles were extracted in an excel sheet using

pre-defined formats: study characteristics (study name, authors, journal, publication year,

study design, study location, sample size), population characteristics (gender, mean/median

age or age range), psychological distress assessment methods (psychometric tools and their

thresholds), analytical strategies (statistical model, covariates) and results (risk estimates [ORs]

and 95% CIs). We extracted risk estimates from the fully adjusted multivariable models when

available. If the information was unclear or the full-text paper unavailable, we contacted

authors for inquiry.

Statistical analysis

For this meta-analysis, primary outcomes were anxiety and depression, and secondary out-

comes were distress, stress, post-traumatic stress, and insomnia. ORs from logistic regression

models were considered as risk estimates. To improve consistency between studies, data was

transformed using the same reference group. When risk estimates were reported in subgroups

instead of the total population, a within-study risk estimate combining multiple subgroups
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was attained using a fixed-effect analysis [39]. When data were available for three or more

studies, ORs and 95% CIs were pooled by the DerSimonian and Laird random effects model

using a variation on the inverse-variance method to account for differences in the effect size

(heterogeneity) among included studies [40]. We also pooled the prevalence of anxiety and

depression from studies with available information. The between-study heterogeneity was

evaluated with Cochrane Q statistic (P<0.10 indicates statistical significance) and I2 statistic

(>50% indicates possible heterogeneity) [41, 42]. We conducted meta-regression (P<0.05

indicates statistical significance) and stratified analyses by study locations and different instru-

ments/cut-off points to evaluate the potential influence of geographic differences and varia-

tions in psychometric instruments and cut-off points on the results. In the sensitivity analyses,

we further repeated the analyses excluding studies containing high-risk or vulnerable popula-

tions, or studies using random sampling techniques and thus containing a small subset of

healthcare workers. When data were available for ten or more studies, the publication bias was

assessed by Egger’s regression (P<0.05 indicates statistical significance) and the funnel plot

asymmetry [43]. If the potential publication bias exists, the trim-and-fill method was further

used to assess the effect of publication bias [44]. Stata version 14.0 (Stata Corp, College Station,

Texas) was used for all data analyses.

We used the Joanna Briggs Institute tool for cross-sectional studies to assess the quality of

included studies on assessing psychological distress [45], which was also used for assessing the

burden of psychological distress of previous infectious outbreaks (e.g. the severe acute respira-

tory syndrome [SARS], Ebola, H1N1) [23]. The scale included the following three domains: 1)

appropriate selection of the population (representativeness of the sample, clear inclusion crite-

ria), 2) comparability of the groups (identify and control for potential confounding factors,

appropriate statistical analysis), and 3) valid and reliable measurement of exposures and out-

comes. Overall, the studies were awarded a maximum of eight points, and a score of seven and

above indicated high study quality [23].

If included studies reported the prevalence of psychological distress among patients with

and without COVID-19, we further calculated the attributable risk of psychological distress

due to COVID-19 by the formula
R1=R0� 1

R1=R0
, where R1/R0 is the causal risk ratio that measures the

risk under exposure (COVID-19) [46].

Results

Our initial search identified 19,083 citations from six databases. After removing duplicates and

screening for title, abstract and full text, we included 68 studies in the current meta-analysis

(Fig 1). Four articles were published in Chinese [8, 20, 21, 47] and 64 were published in English

[9, 11–19, 22, 26, 48–99]. The detailed characteristics of the included publications are shown

in Table 1. Among the included studies, 41 were from the WHO Western Pacific Region (39

from mainland China [8, 9, 12–14, 18–22, 26, 47, 49–53, 57, 58, 60, 63, 65, 73, 74, 77–82, 86,

87, 89, 90, 92–94, 96, 97], one from Japan [66], and one from Vietnam [70]), 16 were from the

European Region (six from Italy [11, 48, 55, 62, 68, 84], two from UK [16, 75], two from Spain

[83, 91], two from Turkey [17, 88], one from Slovenia [85], one from Albania [61], one from

France [59], and one from Ireland [72]), four were from the Region of the Americas (three

from US [15, 56, 69], and one from Colombia [71]), four were from the Eastern Mediterranean

Region (one from Iran [98], one from Israel [64], one from Saudi Arabia [99], and one from

Jordan [67]), two were from the South-East Asia Region (India [54, 95]), and one was from the

African Region (Tunisia [76]). Before May 2020, majority of the studies were from the Western

Pacific Region (e.g. China and Vietnam); studies from other WHO regions started to emerge

from May onwards (Fig 2). A total of 288,830 participants were included in the meta-analysis.
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The majority of studies (n = 62; 91.2%) were conducted among people aged 18 years or older

and 59.3% of the participants were women. The study quality ranged between six and eight

(fair to high), where most studies had high quality (n = 58, 85.3%) indicated by a score of seven

or higher. The most common problem affecting the study quality was accounting for con-

founding factors. The detailed study quality assessment is shown in S1 Table in S1 File.

Fig 1. Study selection of the meta-analysis.

https://doi.org/10.1371/journal.pone.0244630.g001
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Table 1. Baseline characteristics of studies included in the meta-analysis.

Author, study

location

Participant information Age (mean,

median or

range)

Gender

Female

(%)

Sample

size

Psychological

distress

Cut-off

points

Prevalence of

psychological

distress (%)

Psychometric

instruments

Study

quality

Mazza, Italy [68] General population 32.94 (13.2) 71.7 2763 Anxiety >10.3 18.7 DASS-21 8

Depression >15.0 32.8

Stress >18.3 27.2

Moccia, Italy [48] General population Range: 18–

75

59.6 500 Distress >19 38 K10 8

Li, China [49] General population Not

reported

66.7 5033 Anxiety >8 20.4 GAD-7 6

Depression >8 PHQ-9

Li, China [8] Patients: COVID-19 36 (15) 46 76 Anxiety �7 47.4 HAM-A 8

Depression �4 30.3 HAM-D

Huang, China [57] General population 35.3 (5.6) 54.6 7236 Anxiety �9 35.1 GAD-7 8

Depression >28 20.1 CES-D

Insomnia >7 18.2 PSQI

Li, China [58] General population 34.46 (9.62) 63 3637 Insomnia >7 33.7 ISI 6

Özdin, Turkey [17] General population 37.16

(10.31)

49.3 343 Anxiety >7 45.1 HADS 6

Depression >10 23.6

Zhang, China [12] General population:

HCWs + NHCWs

Not

reported

64.2 2182 Anxiety �3 9.5 GAD-2 8

Depression �3 8.5 PHQ-2

Insomnia >8 30.5 ISI

Gao, China [13] General population 32.3 (10) 67.7 4827 Anxiety �10 22.6 GAD-7 8

Depression <13 48.3 WHO-5

Xie, China [100] General population:

Children

Not

reported

43.3 1784 Anxiety NA 18.9 SCARED 7

Depression NA 22.6 CDI-S

Chang, China [18] General population:

College students

20 (19, 22) 63 3881 Anxiety �6 26.6 GAD-7 8

Depression �5 21.2 PHQ-9

Ni, China [20] General population Not

reported

60.8 1577 Anxiety �3 23.9 GAD-2 7

Depression �3 19.2 PHQ-2

Nguyen, Vietnam

[70]

Patients: COVID-19 and

other diseases

44.4 (17) 55.7 3947 Depression �10 7.4 PHQ-9 8

Zhou, China [22] General population:

Adolescents

16 (12, 18) 53.5 8079 Anxiety �5 37.4 GAD-7 8

Depression �5 43.7 PHQ-9

Iasevoli, Italy [101] Patients: Mental illness Range: 18–

70

Not

reported

461 Anxiety >10 Not reported GAD-7 7

Depression >15 PHQ-9

Stress >26 PSS

Hao, China [102] Patients: Epilepsy 29.3 (11.6) 52.4 504 Distress >12 13.1 (severe) K6 8

Wang, China [96] General population 34 (12) 55.5 600 Anxiety �50 6.3 SAS 7

Depression �53 17.2 SDS

Cao, China [19] General population:

College students

Not

reported

69.7 7143 Anxiety �9 24.9 GAD-7 8

Chen, China [9] General population:

Children and Adolescents

Range: 6–15 48.7 1036 Anxiety �25 18.9 SCARED 7

Depression �15 11.8 DSRS-C

Guo, China [52] General population Not

reported

52.4 2441 Depression �21 72.6 CESD 8

PTSS 79.6 PTSD DSM-5

Insomnia �7 20.6 PSQI

Smith, UK [16] General population Not

reported

63.3 932 Anxiety �16 Not reported BAI 8

Depression �20 BDI

(Continued)
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Table 1. (Continued)

Author, study

location

Participant information Age (mean,

median or

range)

Gender

Female

(%)

Sample

size

Psychological

distress

Cut-off

points

Prevalence of

psychological

distress (%)

Psychometric

instruments

Study

quality

Liu, US [56] General population 24.5 (18–

30.9)

81.3 898 Anxiety �10 45.4 GAD-7 8

Depression �10 43.3 PHQ-8

PTSD �45 31.8 PCL-C

Costantini, Italy [62] General population 46.49

(13.58)

58 329 Distress >49 25.2 CPDI 6

Pedrozo-Pupo,

Colombia [71]

General population 43.9 (12.4) 61.8 406 Stress �25 14.3 (high) PSS-10-C 7

Chen, China [47] General population 32.3 (10) 67.7 4827 Anxiety �10 55.3 GAD-7 8

Gómez-Salgado,

Spain [91]

General population 40.26

(13.18)

74 4180 Distress �3 72 GHQ-12 8

Forte, Italy [11] General population 30 (11.5) 74.6 2291 Anxiety �55 37.2 STAI 7

Distress �0.9 31.4 SCL-90

PTSD �33 27.7 IES-R

Wong, Iran [98] General population Not

reported

55.8 1789 Anxiety �44 68 STAI 8

Preis, US [69] General population:

Pregnant women

29.19 (5.29) 100 788 Anxiety �10 78.8 GAD-7 8

Wu, China [14] General population:

Pregnant women

30 (27–32) 100 4124 Depression �10 29.6 EPDS 8

de Bruin, US [15] General population 48.56

(16.62)

52 6666 Anxiety �3 Not reported PHQ-4 8

Depression

Kavčič, Slovenia [85] General population 36.4 (13.1) 74.9 2722 Stress �17 54.4 PSS 7

Zhou, China [94] General population:

Junior and Senior high

school students and

College students

17.41 (2.7) 57.7 11835 Insomnia >5 23.2 PSQI 7

Zhu, China [89] General population 37.84 (7.69) 55.5 922 Distress >160 18.3 SCL-90 6

Wang, China [51] Patients: COVID-19 52.5 (14.3) 50.2 484 Insomnia �8 42.8 ISI-7 7

Qi, China [87] Patients: COVID-19 40.1 (10.1) 58.1 41 Anxiety/ �50 26.8 SAS/ 8

Depression �53 12.2 SDS

PTSD �4 PCL-C

Wang, China [21] General population 32.32 (9.98) 67.7 4827 Anxiety �10 53.3 GAD-7 7

Depression �13 48.3 WHO-5

Zhou, China [65] General population Not

reported

67.8 2435 Insomnia �6 Not reported AIS 6

Stress �29 CPSS

Tang, China [53] General population Not

reported

60 1160 Anxiety �5 70.8 GAD-7 8

Depression �15 26.5 CES-D

Verma, India [54] General population Not

reported

48.3 354 Anxiety >7 28 DASS-21 6

Depression >9 25.1

Stress >14 11.6

Gualano, Italy [55] General population 42 (23) 65.6 1515 Anxiety �3 23.2 GAD-2 8

Depression �3 24.7 PHQ-2

Insomnia �8 42.2 ISI

Kokou-Kpolou,

France [59]

General population 18–87 75.5 556 Insomnia �15 19.1 ISI 6

Mechili, Albania [61] General population 18–85 84.6 1112 Depression �10 49.6 PHQ-9 7

Lin, China [63] General population 18–70 70 2446 Anxiety �40 78.3 STAI 8

(Continued)
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Table 1. (Continued)

Author, study

location

Participant information Age (mean,

median or

range)

Gender

Female

(%)

Sample

size

Psychological

distress

Cut-off

points

Prevalence of

psychological

distress (%)

Psychometric

instruments

Study

quality

Ueda, Japan [66] General population Not

reported

50.4 2000 Anxiety �10 31.6 GAD-7 7

Depression �10 43.2 PHQ-9

Naser, Jordan [67] General population Not

reported

59 4126 Anxiety �15 32.1 GAD-7 7

Depression �15 43.9 PHQ-9

Li, UK [75] General population Not

reported

Not

reported

15330 Distress �4 29.2 GHQ-12 7

Fekih-Romdhane,

Tunisia [76]

General population 29.2 (10.4) 74 603 PTSD >33 33 IES-R 7

Shi, China [78] General population 35.97 (8.22) 52.1 56679 Anxiety �5 31.6 GAD-7 8

Depression �5 27.9 PHQ-9

Insomnia �8 29.2 ISI

Qi, China [79] General population:

Adolescents

11–20 Not

reported

9554 Anxiety �5 19 GAD-7 8

Peng, China [82] General population 18–70 41.7 2237 Depression >50 6.21 SDS 8

Fu, China [86] General population Not

reported

69.7 1242 Anxiety �5 27.5 GAD-7 8

Depression �5 29.3 PHQ-9

Insomnia �5 30 AIS

Palgi, Israel [64] General population 46.21

(16.49)

75.2 1059 Anxiety �10 19 GAD-7 7

Depression �10 14.4 PHQ-9

Seyahi, Turkey [88] Patients with rheumatic

diseases, HCWs,

Teachers/Academics

16–81 69.2 2223 Anxiety �8 24.7 HADS 8

Depression �8 45.3 IES-R

PTS �33 29.7

Lee, China [97] General population Not

reported

75.8 3064 Depression �5 Not reported PHQ-9 7

Duan, China [60] General population:

Children and Adolescents

7–18 49.8 3613 Depression �19 22.28 CDI 7

Karatzias, Ireland

[72]

General population Not

reported

51.5 1041 PTSD NA 17.7 ITQ 8

Liu, China [73] General population:

Pregnant women

14–60 100 1947 Anxiety �50 17.2 SAS 8

Yang, China [74] General population 36.3 (9.1) 49.2 2410 Insomnia >5 14.9 CPSQI 8

Hou, China [77] General population:

Senior high school

students

Not

reported

38.6 859 Anxiety �10 54.5 GAD-7 6

Depression �8 71.5 PHQ-9

Wang, China [80] General population:

College students

21 (2.4) 54.5 44447 Anxiety �50 7.7 SAS 8

Depression �28 12.2 CES-D

Ma, China [81] Patients: COVID-19 50.43

(13.12)

51.9 770 Depression �5 43.1 PHQ-9 8

Domı́nguez-Salas,

Spain [83]

General population 40.26

(13.18)

74 4615 Distress �3 72 GHQ-12 8

Huang, China [90] General population Not

reported

57.3 6261 Anxiety �50 13.5 SAS 8

Depression �10 17.2 PHQ-9

Liu, China [92] Patients: COVID-19 55 (41–66) 53 675 Anxiety �10 10.4 GAD-7 8

Depression �10 19 PHQ-9

PTSD - 12.4 PCL-5

Ramasubramanian,

India [95]

General population Not

reported

64.2 2317 Distress �28 22.8 CPDI 6

Ben-Ezra, China [50] General population 30.99 (6.82) 53.5 1134 Distress �13 19.1 (severe) K6 7

(Continued)
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Included studies collected information on sociodemographic data, history of physical and

mental diseases, media exposure, family and social support, positive coping strategies, and psy-

chological distress of the COVID-19 pandemic. Anxiety [8–13, 15–22, 26, 47, 49, 53–57, 63,

64, 66, 67, 69, 73, 77–80, 84, 86–88, 90, 92, 96, 98, 99] and depression [8–18, 20–22, 26, 49, 52–

57, 60, 61, 64, 66, 67, 70, 77, 78, 80–82, 84, 86–88, 90, 92, 96, 97, 99] were the most common

indicators of psychological distress reported by included studies. The overall prevalence of

anxiety was 33% (95% CI: 28%-39%; I2 = 99.9%) among the predominantly general population,

and the prevalence of depression was 30% (95% CI: 26%-36%; I2 = 99.8%). In addition, nine

studies (13.4%) reported distress [48, 50, 62, 75, 83, 89, 91, 93, 95], six studies (8.96%) reported

stress [10, 54, 65, 71, 84, 85], 12 studies (17.9%) reported insomnia [12, 51, 52, 55, 57–59, 65,

Table 1. (Continued)

Author, study

location

Participant information Age (mean,

median or

range)

Gender

Female

(%)

Sample

size

Psychological

distress

Cut-off

points

Prevalence of

psychological

distress (%)

Psychometric

instruments

Study

quality

Mosli, Saudi Arabia

[99]

Patients: Inflammatory

bowel disease

Not

reported

47.5 1156 Anxiety �11 63.4 HADS-A 8

Depression �11 30.1 HADS-D

Abbreviations: DASS-21, Depression, Anxiety, and Stress Scale; K10, Kessler-10; GAD, Generalised Anxiety Disorder; PHQ, Patient Health Questionnaire; HAM-A,

Hamilton Anxiety Rating Scale; HAM-D, Hamilton Depression Rating Scale; FCV-19S, Fear of COVID-19 Scale; CES-D, Center for Epidemiological Studies Depression

scale; PSQI, Pittsburgh Sleep Quality Index; ISI, Insomnia Severity Index; HADS, Hospital Anxiety and Depression Scale; SCL-90, Symptom Checklist-90; SCL-90-R,

Symptom Checklist-90-Revised; WHO-5, World Health Organisation Five Well Being Index; SCARED, Screen for Child Anxiety Related Emotional Disorders; CDI-S,

Children’s Depression Inventory-Short Form; K6, Kessler-6; PSS, Perceived Stress Scale; SSS, Somatic Self-rating Scale; SAS, Self-Rating Anxiety Scale; SDS, Self-Rating

Depression Scale; GHQ, General Health Questionnaire; DSRS-C, Depression Self-rating Scale for Children; PTSS, Post-Traumatic Stress Symptoms; PTSD, Post-

Traumatic Stress Symptoms Disorders; DSM-5, Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition; BAI, Becks Anxiety Inventory; BDI, Becks

Depression Inventory; SDQ EPS, Strengths and Difficulties Questionnaire Emotional Problems Scale; PCL-C, PTSD Checklist—Civilian Version; PCL-5, PTSD

Checklist for DSM-5; CPDI, COVID-19 Peritraumatic Distress Index; PSS-10-C, Perceived Stress Scale modified for COVID-19; STAI, State-Trait Anxiety Inventory;

IES-R, Impact of Event Scale-Revised; EPDS, Edinburgh Postnatal Depression Scale; EQ-5D, EuroQol—Five Dimensions; AIS, Athens Insomnia Scale; CPSS, Chinese

version of the Perceived Stress Scale; PTS, Posttraumatic stress; CDI, Child Depression Inventory; ITQ, International Trauma Questionnaire; CPSQI, Chinese version of

Pittsburgh Sleep Quality Index; HCWs, Healthcare Workers; NHCWs, Non-Healthcare Workers.

https://doi.org/10.1371/journal.pone.0244630.t001

Fig 2. Daily new cases of COVID-19 and publication dates of included papers by by six World Health

Organization regions and time.

https://doi.org/10.1371/journal.pone.0244630.g002
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74, 78, 86, 94], and nine studies (13.4%) reported post-traumatic stress disorder/symptoms

(PTSD/PTSS) [11, 52, 56, 72, 76, 77, 87, 88, 92].

A variety of validated psychometric instruments were used to measure symptoms of anxiety

and depression. The most often used tool was the Generalized Anxiety Disorder-7 for anxiety,

and the Patient Health Questionnaire-9 for depression. In addition, common tools for other

indicators of psychological distress included the General Health Questionnaire-12 (for dis-

tress), the Depression, Anxiety, and Stress Scale-21 (for stress), the Insomnia Severity Index

(for insomnia) and the Impact of Event Scale-Revised (for PTSD/PTSS) (Table 1).

Women

A total of 50 studies with 82 data points reported the association between women and higher

odds of psychological distress, as most studies reported more than one indicator of psychologi-

cal distress. The pooled OR of women versus men was 1.48 (95% CI: 1.29–1.71; I2 = 90.8%) for

anxiety and 1.16 (1.07–1.26; I2 = 75.0%) for depression (Fig 3). The significant OR persisted

for secondary outcomes of distress (1.83 [1.63–2.06]; I2 = 50.8%), and was borderline signifi-

cant for insomnia (1.20 [0.98–1.47]; I2 = 91.7%) and PTSD/PTSS (1.82 [0.97–3.40]; I2 = 93.5%)

(S1 Fig in S1 File).

Younger age

A total of 37 studies reported the association between age and higher odds of psychological dis-

tress with 62 data points. Younger age (majority <35 years) versus older age (�35 years) was

associated with higher odds of primary outcomes of psychological distress. The pooled OR of

younger versus older age was 1.20 (1.13–1.26; I2 = 91.7%) for anxiety, and 1.13 (1.08–1.18; I2 =

95.1%) for depression (Fig 4). In terms of secondary outcomes of psychological distress, the

OR was significant for stress (1.08 [1.03–1.14]; I2 = 91.1%), and borderline significant for dis-

tress (1.02 [0.98–1.05]; I2 = 97.1%) (S2 Fig in S1 File).

Lower SES

Lower SES strata was associated with higher odds of psychological distress (Figs 5–7 & S3 Fig

in S1 File). The pooled OR of lower versus higher education from 30 studies (48 data points)

was 1.21 (1.05–1.40; I2 = 86.1%) for anxiety and 1.15 (1.03–1.29; I2 = 82.0%) for depression;

the significant association was also observed for stress (1.15 [1.03–1.29]; I2 = 9.0%) (Fig 5 & S3

Fig in S1 File). The pooled OR of lower versus higher income from 15 studies (26 data points)

was 1.45 (1.24–1.69; I2 = 82.3%) for anxiety and 1.56 (1.26–1.92; I2 = 85.4%) for depression;

the significant OR persisted for stress (1.27 [1.20–1.34]; I2 = 0%) (Fig 6 & S3 Fig in S1 File).

Current employment (yes vs. no) was associated with lower odds of psychological distress. The

pooled OR from 11 studies (21 data points) was 0.89 (0.78–1.02; I2 = 26.6%) for anxiety and

0.76 (0.61–0.95; I2 = 63.8%) for depression (Fig 7).

Rural dwelling

Nine studies with 14 data points compared risk of living in rural versus urban areas. A signifi-

cant association has been observed with anxiety. The pooled OR was 1.13 (1.00–1.29; I2 =

82.9%) for anxiety and 0.98 (0.85–1.12; I2 = 81.6%) for depression (Fig 8).

Higher COVID-19 infection risk

Indicators of higher COVID-19 infection risk were consistently associated with higher odds of

psychological distress (S4 and S5 Figs in S1 File). The pooled OR of suspected/confirmed
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Fig 3. Forest plot of the association between gender (women versus men) and A) anxiety and B) depression. The size

of the data markers indicates the weight of the study, which is the inverse variance of the effect estimate. The diamond

data markers indicate the pooled ORs.

https://doi.org/10.1371/journal.pone.0244630.g003
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COVID-19 cases (16 studies and 33 data points) was 1.70 (1.41–2.06; I2 = 79.5%) for anxiety,

1.84 (1.39–2.43; I2 = 73.5%) for depression, 1.28 (1.17–1.40; I2 = 0%) for distress, 2.19 (1.56–

3.08; I2 = 59.0%) for insomnia, and 1.27 (1.10–1.47; I2 = 0%) for PTSD/PTSS. The pooled OR

of living in the hard-hit area (12 studies and 20 data points) was 1.57 (1.36–1.81; I2 = 73.9%)

for anxiety and 1.33 (1.16–1.53; I2 = 69.1%) for depression. The pooled OR of having pre-exist-

ing physical conditions or worse health (17 studies and 29 data points) was 1.48 (1.21–1.81; I2

= 65.2%) for anxiety, 1.42 (1.12–1.80; I2 = 89.0%) for depression, 1.21 (1.12–1.31; I2 = 0%) for

stress, and 1.89 (1.30–2.73; I2 = 86.6%) for insomnia. The OR of having mental health condi-

tions (eight studies and 15 data points) was 1.82 (1.34–2.48; I2 = 70.8%) for anxiety, 1.75 (0.98–

3.14; I2 = 93.5%) for depression, and 1.42 (1.11–1.82; I2 = 59.7%) for insomnia.

Other factors

Longer media exposure (ten studies and 20 data points) was associated with higher odds of

anxiety (1.57 [1.16–2.13]; I2 = 94.5%), depression (1.34 [1.12–1.60]; I2 = 86.2%), insomnia

Fig 4. Forest plot of the association between age (younger vs. older) and A) anxiety and B) depression. The size of the

data markers indicates the weight of the study, which is the inverse variance of the effect estimate. The diamond data

markers indicate the pooled ORs.

https://doi.org/10.1371/journal.pone.0244630.g004
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(1.04 [1.00–1.08]; I2 = 0%), and PTSD/PTSS (1.48 [1.23–1.78]; I2 = 0%) (S6 and S7 Figs in S1

File). In addition, social/family support and physical activity were inversely associated with

higher odds of anxiety and depression (S6 Fig in S1 File). The pooled OR of social/family sup-

port (6 studies and 9 data points) was 0.68 (0.58–0.79; I2 = 0%) for anxiety and 0.47 (0.40–0.56;

I2 = 0%) for depression. The pooled OR of longer physical activity (7 studies and 11 data

points) was 0.71 (0.58–0.88; I2 = 52.3%) for anxiety and 0.69 (0.50–0.94; I2 = 84.8%) for

depression.

Assessment of heterogeneity

We observed a substantial heterogeneity for most of the associations between studies (I2 range:

52.3%-95.1%), except for the association between current employment and anxiety (I2: 26.6%;

P = 0.22) and the associations of family/social support with both anxiety (I2: 0%; P = 0.58) and

depression (I2: 0%; P = 0.58). We further conducted stratified analyses to explore the heteroge-

neity. We found that the OR observed in the overall population was largely consistent across

Fig 5. Forest plot of associations between education (lower vs. higher) and A) anxiety and B) depression. The size of

the data markers indicates the weight of the study, which is the inverse variance of the effect estimate. The diamond

data markers indicate the pooled ORs.

https://doi.org/10.1371/journal.pone.0244630.g005
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all subgroups by locations or instruments/cut-off points containing three or more studies,

albeit the 95% CI became wider for subgroups with fewer studies and did not achieve statistical

significance for subgroups with very few studies (S2 and S3 Tables in S1 File). Moreover,

except for the association of anxiety with gender (higher odds in studies in Asian than in

Europe, P for meta-regression = 0.037), no statistically significant differences were found

across subgroups of study locations for other factors (all P-values from meta-regression

�0.09), indicating that geographic differences were less likely to influence the observed associ-

ations in the current meta-analysis (S2 Table in S1 File). For psychometric instruments, only

studies assessing the association between gender and anxiety offered enough power to have

three subgroups (containing three or more studies), while other factors only had one sub-

group. The meta-regression analysis suggested no statistical differences across subgroups of

studies using different instruments or cut-off points (P-value from meta-regression = 0.66) (S3

Table in S1 File).

Fig 6. Forest plot of associations between income (lower vs. higher) and A) anxiety and B) depression. The size of the

data markers indicates the weight of the study, which is the inverse variance of the effect estimate. The diamond data

markers indicate the pooled ORs.

https://doi.org/10.1371/journal.pone.0244630.g006
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Fig 7. Forest plot of associations between employment (yes vs. no) and A) anxiety and B) depression. The size of the

data markers indicates the weight of the study, which is the inverse variance of the effect estimate. The diamond data

markers indicate the pooled ORs.

https://doi.org/10.1371/journal.pone.0244630.g007
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Fig 8. Forest plot of the association between residential area (rural vs. urban) and A) anxiety and B) depression. The

size of the data markers indicates the weight of the study, which is the inverse variance of the effect estimate. The

diamond data markers indicate the pooled ORs.

https://doi.org/10.1371/journal.pone.0244630.g008
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Sensitivity analyses

We further repeated the aforementioned analyses excluding 11 studies containing high-risk

and vulnerable populations, or a small subset of healthcare workers. We found that all signifi-

cant associations remained essentially the same across all factors, indicating that the heteroge-

neity in populations did not impact our results (S4 Table in S1 File).

Assessment of publication bias

Studies on anxiety and depression with gender, age, and SES strata (lower education, lower

income) had enough power to test for publication bias with funnel plots (n�ten). Visual

inspection of funnel plots revealed asymmetry for age with anxiety and depression (S8 Fig in

S1 File), and the Egger’s test was statistically significant (P�0.01). After applying the trim-

and-fill method, the pooled RR was 1.08 (1.02–1.15) for anxiety and 1.06 (1.01–1.11) for

depression, suggesting that the potential publication bias did not affect the significant associa-

tions of age with anxiety and depression. No significant asymmetry was observed for gender

and SES strata with anxiety and depression, indicating the unlikelihood of publication bias for

these factors (S8 Fig in S1 File).

Attributable risk

Two studies (one from China and one from Vietnam) reported the prevalence of depression

among patients with and without COVID-19 [70, 81]; the prevalence of depression among

patients with COVID-19 was 51.6% in China and 13.6% in Vietnam, and the prevalence of

depression among patients without COVID-19 was 41.9% in China and 7.04% in Vietnam.

The attributable risk of depression due to the COVID-19 pandemic was 9.70% in China and

9.52% in Vietnam (S5 Table in S1 File).

Discussion

Using data from 68 cross-sectional studies of 288,830 participants from 19 countries, our

meta-analysis found that one in three adults in the predominantly general population have

anxiety or depression. Women, younger adults, individuals of lower SES strata (lower educa-

tion, lower income, unemployment), residing in rural areas, and those with or at high risk of

COVID-19 infection (suspected/confirmed cases, living in the hard-hit area, having history of

chronic conditions or mental conditions) were associated with higher odds of psychological

distress. Our results underscore the importance of allocating mental health resources and eval-

uation of approaches including risk stratification and targeted intervention among individuals

at high risk of psychological distress due to the COVID-19 pandemic. Our results also show

that improving family and social support and positive coping strategies are associated with

reduced risk of psychological distress.

Consistent with our findings on the prevalence of anxiety (33% [28%-39%]) and depression

(30% [26%-36%]), a recent meta-analysis that solely focused on the prevalence of psychological

distress during the COVID-19 pandemic also found that about one in three adults in the gen-

eral population had anxiety (33% [28%-38%]) or depression (28% [23%-32%]), respectively

[6]. We also observed similar attributable risk of psychological distress due to COVID-19

(around 10%) at the start of the outbreak in February 2020 from two studies (from China [81]

and Vietnam [70]) with available data, albeit the prevalence of depression among patients with

and without COVID-19 was higher in China (51.6% and 41.9%) compared to that in Vietnam

(13.6% and 7.04%) possibility due to the higher infection rate in China (0.56 per 10,000 people

[103] vs. 0.0017 per 10,000 people in Vietnam [104]). The prevalence of depression among

PLOS ONE Psychological distress of COVID-19

PLOS ONE | https://doi.org/10.1371/journal.pone.0244630 December 28, 2020 17 / 27

https://doi.org/10.1371/journal.pone.0244630


COVID-19 patients observed in the Chinese study was similar to that reported in a recent

meta-analysis among COVID-19 patients (45% [95% CI: 37%-54%]) [36]. As the impact of

COVID-19 has become substantially wider globally, the attributable risk is likely to have

increased as the pandemic evolves.

Several factors identified for higher risk of psychological distress during previous infectious

outbreaks (e.g. severe acute respiratory syndrome [SARS]), such as women [105], individuals

of lower SES strata (e.g. lower education levels, lower income levels) [106], and those with

higher risk of disease exposure [107], corroborated our findings for the current COVID-19

pandemic. Older age has been found to be associated with higher risk of COVID-19 infection

[108]; however, it is interesting to observe that younger people (mainly <35 years) had higher

odds of psychological distress during the COVID-19 pandemic. Although we observed an

asymmetric funnel plot of age suggesting potential publication bias, the association of age with

anxiety and depression remained statistically significant after applying the trim-and-fill

method, indicating that the potential publication bias is unlikely to affect the observed associa-

tions of age with anxiety and depression. Although the underlying mechanisms are not clear

yet, some studies suggested that the higher odds of psychological distress in younger people

could be due to their greater access to COVID-19 information through media [10, 109]. In cor-

roboration, longer media exposure was associated with higher odds of psychological distress in

the current study (OR: 1.57 [95% CI: 1.16–2.13] for anxiety; 1.34 [1.12–1.60] for depression).

Furthermore, with abrupt closure of educational institutions and workplaces, younger adults

might be more concerned about their future prospects [60, 79]. In addition, younger people

were less likely to have experienced previous infectious outbreaks (e.g. SARS) compared to

their older counterparts. A study conducted in Hong Kong has found that not experiencing

the SARS outbreak in 2003 is associated with higher risk of psychological distress of COVID-

19 and suggested that the first experience of an infectious disease outbreak is an incredibly

stressful event [110].

Our observed positive association between female and higher odds of psychological distress

was consistent with results from the Global Burden Disease of Study 2015 that anxiety and

depression were more common in women (4.6% and 5.1%) than men (2.6% and 3.6%) [7].

The reasons for the gender disparities are largely unknown. Although differences in physical

strength, variations in ovarian hormone levels and decreases in estrogen may play some role

[110], the lower social status of women and less preferential access to healthcare compared to

men could potentially be responsible for the exaggerated adverse psychosocial impact on

women [111]. Of note, the rates of suiside and self-harm are already high in women globally

[112, 113], and the rates were expected to increase even after the COVID-19 pandemic [114].

Thus, outreach programs for mental health services must target women proactively.

Previous studies conducted during non-COVID period have found that people living in

urban areas are at higher risk of psychological distress, possibly due to higher rates of pollu-

tion, specific urban designs (less access to green area [115], tall buildings, population density

that may be perceived as oppressive), and more physical threats (accidents, violence) [116–

120]. However, we found higher odds of anxiety among rural versus urban dwellers in our

analysis, albeit the association with depression was not significant. As rural areas during the

COVID-19 pandemic may be a reflection of the poorer healthcare infrastructure, economy,

sanitation, and educational resources [19], the observed rural-urban gradient has important

public health implication of ensuring equitable healthcare resources in rural and resource-

restraint areas during the COVID-19 pandemic, and further studies are warranted to investi-

gate the rural-depression association. Nevertheless, according to the United Nations, in many

countries, the reverse might be true, whereby urban areas may have poorer environment and

infrastructure for the prevention of COVID-19 [121]. In the current meta-analysis, we had
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relatively small sample size for the association between residential area and psychological dis-

tress (nine studies for anxiety and depression), and further studies with larger sample sizes and

higher statistical power are warranted to examine this association. Furthermore, we found that

lower SES, in particular lower income and lower education, both, were associated with higher

odds of anxiety, depression and stress during the pandemic. Although the reasons and path-

ways triggering the psychological distress were not explored, it is possible that the anticipated

burden of potential treatment expenses as well as loss of income opportunities related to pan-

demic affect those already living with limited means. The association with lower education

probably reflects low health literacy, low perceptions of personal risk, and lack of awareness

regarding coping mechanisms [122]. Clearly, these vulnerable populations seem to be at the

greatest need for preventative mental health services. Therefore, our findings highlight the

importance of equitable healthcare delivery solutions especially in socioeconomically disad-

vantaged and resource-restraint areas for addressing the high burden of COVID-19 related

psychological distress.

Our results had important clinical and public health implications. First, the identified risk

factors of higher odds of psychological distress of COVID-19 could be used to identify and rec-

ognize populations with higher risk of psychological distress. According to the NICE’s

“stepped-care” framework, low-intensity psychosocial interventions (social/family support,

education programs, individual guided or computerized self-help cognitive behavioral therapy,

physical activity programs) would be initiated for people with milder depression, whereas

high-intensity interventions (formal psychological therapies by trained therapists) will be initi-

ated for people with severe symptoms [123]. In addition, task-shifting approaches with trained

lay counsellor-delivered brief psychological treatment has been shown to be effective in the

treatment of depressive mental disorders in resource-challenged settings [124]. Therefore, a

variety of approaches coupled with telehealth need to be considered to urgently target the

high-risk populations identified in our study–women, younger adults, individuals of lower

SES strata, and those with or at high risk of COVID-19 infection.

Previous meta-analyses among general population only reported the prevalence of psycho-

logical distress [6, 32–37]. In comparison, the primary objective of the current meta-analysis

was to determine the factors associated with psychological distress using quantitative assess-

ment during the COVID-19 pandemic in the predominantly general population. We are not

aware of other meta-analyses assessing factors of psychological distress in the general popula-

tion. Prior to the literature search, we registered our pre-defined study protocol with the

National Institute for Health Research International prospective register of systematic reviews

(PROSPERO, #CRD42020186735) [38]. We followed both PRISMA [30] and MOOSE [31]

guidelines to conduct the current meta-analysis, and performed quality assessment of included

studies using the validated instrument. The included studies covered all six WHO continents

geographically and consisted of both low-and middle-income countries and high-income

countries, which ensured great generalizability of our results. Since the majority of publica-

tions were from China, where the first infected case with COVID-19 was identified, we

included papers published both in English and Chinese to maximize the search results.

However, some limitations merit consideration. First, we only included peer-reviewed pub-

lications in the current meta-analysis, and we did not explore potentially relevant grey litera-

ture. Nevertheless, this is to ensure the quality of the included publications. Second, we

included a predominantly general population for the current meta-analysis, with a few studies

among high-risk and vulnerable patients, and a small subset of healthcare workers among

studies using random sampling techniques, which may bring potential heterogeneity to our

results. Nevertheless, we conducted sensitivity analyses and repeated all analyses among stud-

ies only containing general populations, and found the same significant results across all
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factors, indicating that the heterogeneity in study population did not impact our results.

Third, psychological distress was measured using self-reported questionnaires, which may

have brought bias to an overestimation or underestimation of the prevalence of psychological

distress. However, for associations between factors and psychological distress, self-reported

bias would lead to non-differential misclassifications and result in an underestimation of the

true effect size of factors associated with psychological distress. Therefore, the significant asso-

ciations between factors and psychological distress observed in the current study are unlikely

to be impacted by self-reported questionnaires. Fourth, instruments to measure indicators of

psychological distress (e.g. anxiety, depression) were not identical in all studies. However, we

only included studies that used standardized and validated instruments to measure psychologi-

cal distress, which mitigates the possibility of systematic bias to our best extent. Furthermore,

the data points vary for the different outcomes, and we observed a substantial heterogeneity

for most of the associations. However, we have included all published studies reporting the

association for the outcomes of interest during the pandemic period covered during our study.

In addition, we conducted meta-regression and stratified analyses by study locations and dif-

ferent instruments and cut-off points, and observed largely non-significant P-values for meta-

regression analyses and consistent point estimates of OR across subgroups, suggesting no sub-

stantial statistical differences across subgroups. Nevertheless, the sample sizes and numbers of

subgroups were small for the stratified analyses, thus the 95% CI became wider and did not

achieve statistical significance for subgroups with very few studies; future studies with larger

sample sizes are warranted to validate our findings.

In conclusion, our meta-analysis of 68 studies found that one in three adults in the predom-

inantly general population have anxiety or depression. Women, younger adults, individuals

residing in rural areas, of lower SES strata, those with or at high risk of COVID-19 infection,

and longer media exposure were associated with higher odds of psychological distress. Our

findings highlight the urgent need for offering mental health services and interventions to tar-

get high-risk populations to reduce socioeconomic and gender disparities of psychological dis-

tress during the COVID-19 pandemic globally.

Supporting information

S1 Checklist. PRISMA 2009 checklist.

(DOC)

S1 File.

(DOCX)

S1 Dataset.

(XLSX)

Acknowledgments

We thank the following study investigators for clarifying inquiry of their papers: Dr. Emre

Umucu, PhD, from The University of Texas at El Paso, USA; Dr. Yun Li, MD, from the Mental

Health Center of Shantou University, China; and Dr. Feten Fekih-Romdhane, MD, from the

University Tunis El Manar, Tunisia.

Author Contributions

Conceptualization: Tazeen H. Jafar.

Data curation: Tazeen H. Jafar.

PLOS ONE Psychological distress of COVID-19

PLOS ONE | https://doi.org/10.1371/journal.pone.0244630 December 28, 2020 20 / 27

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244630.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244630.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0244630.s003
https://doi.org/10.1371/journal.pone.0244630


Formal analysis: Yeli Wang, Tazeen H. Jafar.

Investigation: Tazeen H. Jafar.

Methodology: Yeli Wang, Monica Palanichamy Kala, Tazeen H. Jafar.

Project administration: Tazeen H. Jafar.

Resources: Tazeen H. Jafar.

Software: Yeli Wang.

Supervision: Tazeen H. Jafar.

Validation: Monica Palanichamy Kala, Tazeen H. Jafar.

Visualization: Tazeen H. Jafar.

Writing – original draft: Yeli Wang, Monica Palanichamy Kala, Tazeen H. Jafar.

Writing – review & editing: Yeli Wang, Monica Palanichamy Kala, Tazeen H. Jafar.

References
1. World Health Organization [Internet]. Coronavirus disease (COVID-19) outbreak. 2020 [cited 2020

Aug 24]. Available from: https://www.who.int/emergencies/diseases/novel-coronavirus-2019.

2. Pan A, Liu L, Wang C, Guo H, Hao X, Wang Q, et al. Association of Public Health Interventions With

the Epidemiology of the COVID-19 Outbreak in Wuhan, China. JAMA. 2020 Apr 10; 323(19):1–9.

https://doi.org/10.1001/jama.2020.6130 PMID: 32275295

3. Venkatesh A, Edirappuli S. Social distancing in covid-19: what are the mental health implications?

BMJ. 2020 Apr 6; 369:m1379. https://doi.org/10.1136/bmj.m1379 PMID: 32253182

4. Brooks SK, Webster RK, Smith LE, Woodland L, Wessely S, Greenberg N, et al. The psychological

impact of quarantine and how to reduce it: rapid review of the evidence. Lancet. 2020 Mar 14; 395

(10227):912–920. https://doi.org/10.1016/S0140-6736(20)30460-8 PMID: 32112714

5. Holmes EA, O’Connor RC, Perry VH, Tracey I, Wessely S, Arseneault L, et al. Multidisciplinary

research priorities for the COVID-19 pandemic: a call for action for mental health science. Lancet Psy-

chiatry. 2020 Jun; 7(6):547–560. https://doi.org/10.1016/S2215-0366(20)30168-1 PMID: 32304649

6. Luo M, Guo L, Yu M, Wang H. The psychological and mental impact of coronavirus disease 2019

(COVID-19) on medical staff and general public–A systematic review and meta-analysis. Psychiatry

Res. 2020 Jun 7; 291:113190. https://doi.org/10.1016/j.psychres.2020.113190 PMID: 32563745

7. World Health Organization [Internet]. Depression and Other Common Mental Disorders Global Health

Estimates. 2017 [cited 2020 Jun 21]. Availble from: https://apps.who.int/iris/bitstream/handle/10665/

254610/WHO-MSD-MER-2017.2-eng.pdf?sequence=1

8. Li X, Dai T, Wang H, Shi J, Yuan W, Li J, et al. [Clinical analysis of suspected COVID-19 patients with

anxiety and depression]. Zhejiang Da Xue Xue Bao Yi Xue Ban. 2020 May 25; 49(2):203–208. https://

doi.org/10.3785/j.issn.1008-9292.2020.03.02 PMID: 32391665

9. Chen F, Zheng D, Liu J, Gong Y, Guan Z, Lou D. Depression and anxiety among adolescents during

COVID-19: A cross-sectional study. Brain Behav Immun. 2020 Aug; 88:36–38. https://doi.org/10.

1016/j.bbi.2020.05.061 PMID: 32464156

10. Mazza C, Ricci E, Biondi S, Colasanti M, Ferracuti S, Napoli C, et al. A Nationwide Survey of Psycho-

logical Distress among Italian People during the COVID-19 Pandemic: Immediate Psychological

Responses and Associated Factors. Int J Environ Res Public Health. 2020 May 2; 17(9):3165. https://

doi.org/10.3390/ijerph17093165 PMID: 32370116

11. Forte G, Favieri F, Tambelli R, Casagrande M. The Enemy Which Sealed the World: Effects of

COVID-19 Diffusion on the Psychological State of the Italian Population. J Clin Med. 2020 Jun 10; 9

(6):1802. https://doi.org/10.3390/jcm9061802 PMID: 32531884

12. Zhang WR, Wang K, Yin L, Zhao WF, Xue Q, Peng M, et al. Mental Health and Psychosocial Problems

of Medical Health Workers during the COVID-19 Epidemic in China. Psychother Psychosom. 2020; 89

(4):242–250. https://doi.org/10.1159/000507639 PMID: 32272480

PLOS ONE Psychological distress of COVID-19

PLOS ONE | https://doi.org/10.1371/journal.pone.0244630 December 28, 2020 21 / 27

https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://doi.org/10.1001/jama.2020.6130
http://www.ncbi.nlm.nih.gov/pubmed/32275295
https://doi.org/10.1136/bmj.m1379
http://www.ncbi.nlm.nih.gov/pubmed/32253182
https://doi.org/10.1016/S0140-6736%2820%2930460-8
http://www.ncbi.nlm.nih.gov/pubmed/32112714
https://doi.org/10.1016/S2215-0366%2820%2930168-1
http://www.ncbi.nlm.nih.gov/pubmed/32304649
https://doi.org/10.1016/j.psychres.2020.113190
http://www.ncbi.nlm.nih.gov/pubmed/32563745
https://apps.who.int/iris/bitstream/handle/10665/254610/WHO-MSD-MER-2017.2-eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/254610/WHO-MSD-MER-2017.2-eng.pdf?sequence=1
https://doi.org/10.3785/j.issn.1008-9292.2020.03.02
https://doi.org/10.3785/j.issn.1008-9292.2020.03.02
http://www.ncbi.nlm.nih.gov/pubmed/32391665
https://doi.org/10.1016/j.bbi.2020.05.061
https://doi.org/10.1016/j.bbi.2020.05.061
http://www.ncbi.nlm.nih.gov/pubmed/32464156
https://doi.org/10.3390/ijerph17093165
https://doi.org/10.3390/ijerph17093165
http://www.ncbi.nlm.nih.gov/pubmed/32370116
https://doi.org/10.3390/jcm9061802
http://www.ncbi.nlm.nih.gov/pubmed/32531884
https://doi.org/10.1159/000507639
http://www.ncbi.nlm.nih.gov/pubmed/32272480
https://doi.org/10.1371/journal.pone.0244630


13. Gao J, Zheng P, Jia Y, Chen H, Mao Y, Chen S, et al. Mental health problems and social media expo-

sure during COVID-19 outbreak. PLoS One. 2020 Apr 16; 15(4):e0231924. https://doi.org/10.1371/

journal.pone.0231924 PMID: 32298385

14. Wu Y, Zhang C, Liu H, Duan C, Li C, Fan J, et al. Perinatal depressive and anxiety symptoms of preg-

nant women along with COVID-19 outbreak in China. Am J Obstet Gynecol. 2020 Aug; 223(2): 240.

e1–240.e9.

15. Bruine de Bruin W. Age Differences in COVID-19 Risk Perceptions and Mental Health: Evidence From

a National U.S. Survey Conducted in March 2020. J Gerontol B Psychol Sci Soc Sci. 2020 May 29;

gbaa074. https://doi.org/10.1093/geronb/gbaa074 PMID: 32470120

16. Smith L, Jacob L, Yakkundi A, McDermott D, Armstrong NC, Barnett Y, et al. Correlates of symptoms

of anxiety and depression and mental wellbeing associated with COVID-19: a cross-sectional study of

UK-based respondents. Psychiatry Res. 2020 May 29; 291:113138. https://doi.org/10.1016/j.

psychres.2020.113138 PMID: 32562931
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91. Gómez-Salgado J, Andrés-Villas M, Domı́nguez-Salas S, Dı́az-Milanés D, Ruiz-Frutos C. Related

Health Factors of Psychological Distress During the COVID-19 Pandemic in Spain. Int J Environ Res

Public Health. 2020 Jun 2; 17(11):3947.

92. Liu D, Baumeister RF, Veilleux JC, Chen C, Liu W, Yue Y, et al. Risk Factors Associated with Mental

Illness in Hospital Discharged Patients Infected with COVID-19 in Wuhan, China. Psychiatry Res.

2020 Jul 13; 292:113297. https://doi.org/10.1016/j.psychres.2020.113297 PMID: 32707218

93. Hao X, Zhou D, Li Z, Zeng G, Hao N, Li E, et al. Severe psychological distress among patients with epi-

lepsy during the COVID-19 outbreak in southwest China. Epilepsia. 2020 Jun; 61(6):1166–1173.

https://doi.org/10.1111/epi.16544 PMID: 32353184

94. Zhou S-J, Wang L-L, Yang R, Yang X-J, Zhang L-G, Guo Z-C, et al. Sleep problems among Chinese

adolescents and young adults during the coronavirus-2019 pandemic. Sleep Med. 2020 Jun 6; 74:39–

47. https://doi.org/10.1016/j.sleep.2020.06.001 PMID: 32836185

95. Ramasubramanian V, Mohandoss AA, Rajendhiran G, Pandian PRS, Ramasubramanian C. State-

wide Survey of Psychological Distress Among People of Tamil Nadu in the COVID-19 Pandemic.

Indian J Psychol Med. 2020 Jul 6:0253717620935581. https://doi.org/10.1177/0253717620935581

96. Wang Y, Di Y, Ye J, Wei W. Study on the public psychological states and its related factors during the

outbreak of coronavirus disease 2019 (COVID-19) in some regions of China. Psychol Health Med.

2020 Mar 30;1–10.

97. Lee Y, Yang BX, Liu Q, Luo D, Kang L, Yang F, et al. The Synergistic Effect of Social Media Use and

Psychological Distress on Depression in China During the COVID-19 Epidemic. Psychiatry Clin Neu-

rosci. 2020 Jul 1; https://doi.org/10.1111/pcn.13101 https://doi.org/10.1111/pcn.13101 PMID:

32613732

98. Wong LP, Alias H, Danaee M, Ziaee M, Adebi F, Ziaee A, et al. Uncovering psychobehavioral implica-

tions of SARS-CoV-2 infection in Iran. Transbound Emerg Dis. 2020 Jun 8. https://doi.org/10.1111/

tbed.13662 PMID: 32512635

99. Mosli M, Alourfi M, Alamoudi A, Hashim A, Saadah O, Al Sulais E, et al. A cross-sectional survey on

the psychological impact of the COVID-19 pandemic on inflammatory bowel disease patients in Saudi

Arabia. Saudi J Gastroenterol. 2020 Jun 19. https://doi.org/10.4103/sjg.SJG_220_20 PMID:

32567580

100. Xie X, Xue Q, Zhou Y, Zhu K, Liu Q, Zhang J, et al. Mental Health Status Among Children in Home

Confinement During the Coronavirus Disease 2019 Outbreak in Hubei Province, China. JAMA Pediat-

rics. 2020 April 24; 174(9):898–900. https://doi.org/10.1001/jamapediatrics.2020.1619 PMID:

32329784

101. Iasevoli F, Fornaro M, D’Urso G, Galletta D, Casella C, Paternoster M, et al. Psychological distress in

patients with serious mental illness during the COVID-19 outbreak and one-month mass quarantine in

Italy. Psychol Med. 2020 May 19:1–3. https://doi.org/10.1017/S0033291720001841 PMID: 32423496

102. Hao X, Zhou D, Li Z, Zeng G, Hao N, Li E, et al. Severe psychological distress among patients with epi-

lepsy during the COVID-19 outbreak in southwest China. Epilepsia. 2020 May 22:10. https://doi.org/

10.1111/epi.16544 PMID: 32353184

103. World Health Organization [Internet]. Countries—China. [cited 2020 Aug 24]. Available from: https://

www.who.int/countries/chn/en/.

104. World Health Organization [Internet]. Countries—Vietnam. [cited 2020 Aug 24]. Available from: https://

www.who.int/countries/vnm/en/.

105. Lee AM, Wong JG, McAlonan GM, Cheung V, Cheung C, Sham PC, et al. Stress and psychological

distress among SARS survivors 1 year after the outbreak. Can J Psychiatry. 2007 Apr; 52(4):233–40.

https://doi.org/10.1177/070674370705200405 PMID: 17500304

PLOS ONE Psychological distress of COVID-19

PLOS ONE | https://doi.org/10.1371/journal.pone.0244630 December 28, 2020 26 / 27

https://doi.org/10.1101/2020.05.08.20031666
https://doi.org/10.1101/2020.05.08.20031666
http://www.ncbi.nlm.nih.gov/pubmed/32511502
https://doi.org/10.1007/s00296-020-04626-0
https://doi.org/10.1007/s00296-020-04626-0
http://www.ncbi.nlm.nih.gov/pubmed/32572609
https://doi.org/10.1016/j.jpsychires.2020.05.026
https://doi.org/10.1016/j.jpsychires.2020.05.026
http://www.ncbi.nlm.nih.gov/pubmed/32526513
https://doi.org/10.1093/ofid/ofaa273
http://www.ncbi.nlm.nih.gov/pubmed/32817845
https://doi.org/10.1016/j.psychres.2020.113297
http://www.ncbi.nlm.nih.gov/pubmed/32707218
https://doi.org/10.1111/epi.16544
http://www.ncbi.nlm.nih.gov/pubmed/32353184
https://doi.org/10.1016/j.sleep.2020.06.001
http://www.ncbi.nlm.nih.gov/pubmed/32836185
https://doi.org/10.1177/0253717620935581
https://doi.org/10.1111/pcn.13101
https://doi.org/10.1111/pcn.13101
http://www.ncbi.nlm.nih.gov/pubmed/32613732
https://doi.org/10.1111/tbed.13662
https://doi.org/10.1111/tbed.13662
http://www.ncbi.nlm.nih.gov/pubmed/32512635
https://doi.org/10.4103/sjg.SJG%5F220%5F20
http://www.ncbi.nlm.nih.gov/pubmed/32567580
https://doi.org/10.1001/jamapediatrics.2020.1619
http://www.ncbi.nlm.nih.gov/pubmed/32329784
https://doi.org/10.1017/S0033291720001841
http://www.ncbi.nlm.nih.gov/pubmed/32423496
https://doi.org/10.1111/epi.16544
https://doi.org/10.1111/epi.16544
http://www.ncbi.nlm.nih.gov/pubmed/32353184
https://www.who.int/countries/chn/en/
https://www.who.int/countries/chn/en/
https://www.who.int/countries/vnm/en/
https://www.who.int/countries/vnm/en/
https://doi.org/10.1177/070674370705200405
http://www.ncbi.nlm.nih.gov/pubmed/17500304
https://doi.org/10.1371/journal.pone.0244630


106. Hawryluck L, Gold WL, Robinson S, Pogorski S, Galea S, Styra R. SARS control and psychological

effects of quarantine, Toronto, Canada. Emerg Infect Dis. 2004 Jul; 10(7):1206–12. https://doi.org/10.

3201/eid1007.030703 PMID: 15324539

107. Ko CH, Yen CF, Yen JY, Yang MJ. Psychosocial impact among the public of the severe acute respira-

tory syndrome epidemic in Taiwan. Psychiatry Clin Neurosci. 2006 Aug; 60(4):397–403. https://doi.

org/10.1111/j.1440-1819.2006.01522.x PMID: 16884438

108. Centers for Disease Control and Prevention [Internet]. Coronavirus Disease 2019 (COVID-19). Older

Adults. 2020 [cited 2020 Jul 13]. Available from: https://www.cdc.gov/coronavirus/2019-ncov/need-

extra-precautions/older-adults.html.

109. Cheng C, Huang J, Liang B. Psychological Health Diathesis Assessment System: A Nationwide Sur-

vey of Resilient Trait Scale for Chinese Adults. Studies of Psychology and Behavior. 2014; 12:735–42.

110. Albert PR. Why is depression more prevalent in women? J Psychiatry Neurosci. 2015 Jul; 40(4):219–

21. https://doi.org/10.1503/jpn.150205 PMID: 26107348

111. Swendeman D, Fehrenbacher AE, Roy S, Das R, Ray P, Sumstine S, et al. Gender disparities in

depression severity and coping among people living with HIV/AIDS in Kolkata, India. PLoS One. 2018

Nov 21; 13(11):e0207055. https://doi.org/10.1371/journal.pone.0207055 PMID: 30462688

112. Naghavi M. Global, regional, and national burden of suicide mortality 1990 to 2016: systematic analy-

sis for the Global Burden of Disease Study 2016. BMJ. 2019 Feb 6; 364:l94. https://doi.org/10.1136/

bmj.l94 PMID: 31339847

113. Haagsma JA, Graetz N, Bolliger I, Naghavi M, Higashi H, Mullany EC, et al. The global burden of

injury: incidence, mortality, disability-adjusted life years and time trends from the Global Burden of Dis-

ease study 2013. Inj Prev. 2016 Feb; 22(1):3–18. https://doi.org/10.1136/injuryprev-2015-041616

PMID: 26635210

114. Sher L. The impact of the COVID-19 pandemic on suicide rates. QJM. 2020 Jun 15;hcaa202. https://

doi.org/10.1093/qjmed/hcaa202 PMID: 32539153

115. Astell-Burt T, Feng X. Association of Urban Green Space With Mental Health and General Health

Among Adults in Australia. JAMA Netw Open. 2019 Jul 3; 2(7):e198209. https://doi.org/10.1001/

jamanetworkopen.2019.8209 PMID: 31348510

116. Gruebner O, Rapp MA, Adli M, Kluge U, Galea S, Heinz A. Cities and Mental Health. Dtsch Arztebl Int.

2017 Feb 24; 114(8):121–7. https://doi.org/10.3238/arztebl.2017.0121 PMID: 28302261

117. Romans S, Cohen M, Forte T. Rates of depression and anxiety in urban and rural Canada. Soc Psy-

chiatry Psychiatr Epidemiol. 2011 Jul; 46(7):567–75. https://doi.org/10.1007/s00127-010-0222-2

PMID: 20376426

118. McKenzie K, Murray A, Booth T. Do urban environments increase the risk of anxiety, depression and

psychosis? An epidemiological study. J Affect Disord. 2013 Sep 25; 150(3):1019–24. https://doi.org/

10.1016/j.jad.2013.05.032 PMID: 23742829

119. Galea S, Ahern J, Rudenstine S, Wallace Z, Vlahov D. Urban built environment and depression: a mul-

tilevel analysis. J Epidemiol Community Health. 2005 Oct; 59(10):822–7. https://doi.org/10.1136/jech.

2005.033084 PMID: 16166352

120. Chandra PS, Shiva L, Nanjundaswamy MH. The impact of urbanization on mental health in India. Curr

Opin Psychiatry. 2018 May; 31(3):276–281. https://doi.org/10.1097/YCO.0000000000000408 PMID:

29528900

121. United Nations [Internet]. Policy Brief: COVID-19 in an Urban World. [Cited 2020 Nov 30]. Available

from: https://unsdg.un.org/resources/policy-brief-covid-19-urban-world.

122. Wolf MS, Serper M, Opsasnick L, O’Conor RM, Curtis L, Benavente JY, et al. Awareness, Attitudes,

and Actions Related to COVID-19 Among Adults With Chronic Conditions at the Onset of the U.S. Out-

break. Ann Intern Med. 2020 Jul 21; 173(2):100–109. https://doi.org/10.7326/M20-1239 PMID:

32271861

123. NICE [Internet]. Depression in adults: recognition and management. London: NICE; 2009. Clinical

Guideline 90. [cited 2020 Jun 24]. Available from: https://www.nice.org.uk/guidance/cg90.

124. Patel V, Weobong B, Weiss HA, Anand A, Bhat B, Katti B, et al. The Healthy Activity Program (HAP),

a lay counsellor-delivered brief psychological treatment for severe depression, in primary care in India:

a randomised controlled trial. Lancet. 2017 Jan 14; 389(10065):176–185. https://doi.org/10.1016/

S0140-6736(16)31589-6 PMID: 27988143

PLOS ONE Psychological distress of COVID-19

PLOS ONE | https://doi.org/10.1371/journal.pone.0244630 December 28, 2020 27 / 27

https://doi.org/10.3201/eid1007.030703
https://doi.org/10.3201/eid1007.030703
http://www.ncbi.nlm.nih.gov/pubmed/15324539
https://doi.org/10.1111/j.1440-1819.2006.01522.x
https://doi.org/10.1111/j.1440-1819.2006.01522.x
http://www.ncbi.nlm.nih.gov/pubmed/16884438
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/older-adults.html
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/older-adults.html
https://doi.org/10.1503/jpn.150205
http://www.ncbi.nlm.nih.gov/pubmed/26107348
https://doi.org/10.1371/journal.pone.0207055
http://www.ncbi.nlm.nih.gov/pubmed/30462688
https://doi.org/10.1136/bmj.l94
https://doi.org/10.1136/bmj.l94
http://www.ncbi.nlm.nih.gov/pubmed/31339847
https://doi.org/10.1136/injuryprev-2015-041616
http://www.ncbi.nlm.nih.gov/pubmed/26635210
https://doi.org/10.1093/qjmed/hcaa202
https://doi.org/10.1093/qjmed/hcaa202
http://www.ncbi.nlm.nih.gov/pubmed/32539153
https://doi.org/10.1001/jamanetworkopen.2019.8209
https://doi.org/10.1001/jamanetworkopen.2019.8209
http://www.ncbi.nlm.nih.gov/pubmed/31348510
https://doi.org/10.3238/arztebl.2017.0121
http://www.ncbi.nlm.nih.gov/pubmed/28302261
https://doi.org/10.1007/s00127-010-0222-2
http://www.ncbi.nlm.nih.gov/pubmed/20376426
https://doi.org/10.1016/j.jad.2013.05.032
https://doi.org/10.1016/j.jad.2013.05.032
http://www.ncbi.nlm.nih.gov/pubmed/23742829
https://doi.org/10.1136/jech.2005.033084
https://doi.org/10.1136/jech.2005.033084
http://www.ncbi.nlm.nih.gov/pubmed/16166352
https://doi.org/10.1097/YCO.0000000000000408
http://www.ncbi.nlm.nih.gov/pubmed/29528900
https://unsdg.un.org/resources/policy-brief-covid-19-urban-world
https://doi.org/10.7326/M20-1239
http://www.ncbi.nlm.nih.gov/pubmed/32271861
https://www.nice.org.uk/guidance/cg90
https://doi.org/10.1016/S0140-6736%2816%2931589-6
https://doi.org/10.1016/S0140-6736%2816%2931589-6
http://www.ncbi.nlm.nih.gov/pubmed/27988143
https://doi.org/10.1371/journal.pone.0244630

