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Keywords: Background: The COVID-19 pandemic impacted mental health, but the global evolution of mental health prob-
COVID-19 pandemic lems during the pandemic is unknown. We conducted a systematic review and meta-analysis of longitudinal

Mental health problems
meta-analysis
Longitudinal studies

studies to evaluate the global evolution of mental health problems during the pandemic.

Methods: To conduct this systematic review, we searched for published articles from APA PsycInfo (Ovid),
CINAHL (EBSCOhost), Embase (Ovid), MEDLINE (Ovid), and Web of Science. Longitudinal (at least 2 waves
during the COVID-19 pandemic) and peer-reviewed articles on mental health problems conducted as from 2020
and after were included in the current study. Of 394 eligible full texts, 64 articles were included in the analysis.
We computed random effects, standardized mean differences, and log odds ratio (LOR) with 95 % CIs. The meta-
analysis protocol was registered with PROSPERO (CRD42021273624).

Results: Results showed that anxiety (LOR = —0.33; 95 % CI, —0.54, —0.12) and depression symptoms (LOR =
—0.12; 95 % CI, —0.21, —0.04) decreased from baseline to follow up. However, other mental health problems
showed no change. Higher prevalence rates (40.9 %; 95 % CI, 16.1 %-65.8 %) of psychological distress were
found in months after July 2020, respectively, while there were no significant month differences for the prev-
alence of other mental health problems. Higher means of anxiety (d = 3.63, 95 % CI, 1.66, 5.61), depression (d =
3.93; 95 % CI, 1.68, 6.17), and loneliness (d = 5.96; 95 % CI, 3.22, 8.70) were observed in May 2020. Higher
prevalence of anxiety, depression, and PTSD and higher means of anxiety, depression and loneliness were
observed in North America. The prevalence of psychological distress and insomnia was higher in Latin America
and Europe, respectively.

Limitations: There is a lack of longitudinal studies in some parts of the world, such as Africa, the Caribbean, India,
the Middle East, in Latin America, and Asia.

Conclusions: Results indicated that anxiety and depression symptoms decreased during the COVID-19 pandemic
while other mental health problems showed no statistical change. The findings reveal that mental health
problems peaked in April and May 2020. Prevalence of mental health problems remains high during the
pandemic and mental health prevention, promotion and intervention programs should be implemented to
mitigate the consequences of the COVID-19 pandemic on the global population.
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J.M. Cénat et al.
1. Introduction

As of December 1, 2021, there have been over 263.5 million
confirmed cases of SARS-CoV-2, with >5.2 million deaths worldwide
(John Hopkins University, 2021). COVID-19 has had significant impacts
on the mental health of affected populations, regardless of age and
gender (Cénat et al., 2021; Racine et al., 2021; Zhao et al., 2021). A
meta-analysis of 65 longitudinal studies comparing the changes in
mental health problems before and during the COVID-19 pandemic
showed a significant increase in anxiety, depression, and general mental
health symptoms (Robinson et al., 2022). Meta-analyses of studies
among different populations have shown that mental health problems,
including depression, anxiety, PTSD, psychological distress, sleep
problems, and substance use disorders, have increased during the
pandemic (Cénat et al., 2021; Pappa et al., 2020; Prati and Mancini,
2021; Sideli et al., 2021). A meta-analysis of 29 studies conducted on
children and adolescents in 11 countries (Brazil, Canada, China,
Ecuador, Germany, Greece, Italy, Jordan, Portugal, Spain, and the US)
showed that symptoms of severe anxiety and depression were twice as
high during the pandemic than they were before (Racine et al., 2021).

However, longitudinal studies conducted during the pandemic have
not yielded conclusive results. While some studies showed that symp-
toms of mental health problems tended to decrease over time (Batter-
ham et al., 2021), others showed the opposite or stable conditions
(Shevlin et al., 2021a). The successive waves of the COVID-19 pandemic
led public health authorities and governments to take unprecedented
measures of classroom closure, remote work, confinement, deconfine-
ment, reconfinement, and physical distancing, which could explain
disturbances in the mental health of different segments of the population
(Jiini et al., 2020; Kamerlin and Kasson, 2020; Primc and Slabe-Erker,
2020). In addition, the stress associated with the infection of relatives,
the risk of being infected, social isolation, economic crisis, financial
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insecurity, and impoverishment of vulnerable populations are factors
that put the public at risk of developing symptoms of mental health
disorders (Bel et al., 2021; Buheji et al., 2020; Cénat et al., 2020a; Cheng
et al.,, 2021; Kim and Ryu, 2021). However, given the heterogeneity of
the longitudinal results, an effort to summarize the current findings is
necessary to examine the evolution of the mental health of the world
population throughout the COVID-19 pandemic.

Numerous systematic reviews have been conducted on mental health
problems during the COVID-19 pandemic(Cénat et al., 2021; Pappa
et al., 2020; Prati and Mancini, 2021; Santabarbara et al., 2021; Sideli
et al., 2021), including two comparing mental health problems before
and after (Prati and Mancini, 2021; Robinson et al., 2022). However, to
our knowledge, none has documented how mental health problems have
evolved during the pandemic. The current study aims to assess the global
evolution of mental health problems during the COVID-19 pandemic.
We conducted: 1) meta-analyses of the global evolution of the preva-
lence of clinically significant symptoms of depression, anxiety, PTSD,
psychological distress, from March 2020; 2) meta-analyses of the global
evolution of symptoms of depression and anxiety using mean scores. For
both prevalence of clinically significant symptoms and mean scores, we
also examined differences between gender, age, geography, and mea-
sures used.

2. Methods
2.1. Protocol and registration

The meta-analysis project was registered with PROSPERO
(CRD42021273624). No similar systematic reviews were registered. The
last version of the Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) reporting guideline was used (see Fig. 1)
(“Comprendre la loi traitant de violence et de harcelement au travail |

g 33654 Records identified
'g through database searching
=
=
D
=
v
— 18070 Records R
screened 15584 Records excluded
)
&
g Y .
o Full-text articles excluded,
o5 394 Full-text articles with reasons
assessed for eligibility (n=331)
19 Editorials or commentaries
42 No empirical data on
' mental health
149 No longitudinal data
= 23 No longitudinal data
= during the Covid-19
"-bgn pandemic
5 17 No longitudinal data on
mental health problems
1 in a different language
— Studies included in 1 Pre-print
— quantitative synt.hesis 52 Less than 6 on the NOS
(meta-analysis) 5 different measures in
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3 1 Not enough study for
= internalizing and
E externalizing symptoms
o] .
20 Not available data for
analysis

Fig. 1. PRISMA chart for the meta-analysis search process.
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Ontario.ca,” n.d.) (Page et al., 2021).
2.2. Identification and Selection of Studies

This meta-analysis focuses on mental health problems during the
COVID-19 pandemic as reported specifically through longitudinal
studies. A research librarian with experience in planning systematic
reviews assisted in drafting, developing, and implementing a search
strategy to find pertinent published articles in APA PsycInfo (Ovid),
CINAHL (EBSCOhost), Embase (Ovid), MEDLINE (Ovid), and Web of
Science (see online materials, eMethods: Search strategy). The strategy
from a previous meta-analysis served as a basis for the one developed for
this current review (Cénat et al., 2021). It was also informed, in part, by
examining reviews related to COVID-19 (Helliwell et al., 2020; Levay
and Finnegan, 2021; Nussbaumer-Streit et al., 2020) and focused on
psychological distress (Brooks et al., 2016; Thekkumpurath et al., 2008;
Wade et al., 2016). Additionally, it was done by consulting COVID-19
search strategies used by other information professionals (compiled by
the Medical Library Association; Lalonde, 2020). Search filters on lon-
gitudinal and observational studies were also considered when
designing search lines related to this aspect of the research question (Li
et al., 2019; Healthcare Improvement Scotland, n.d.). The final search
strategy was executed on September 1, 2021, and it included relevant
subject headings and keywords. Database results were limited to those
published from 2020. To complement the database searches, a simpler
strategy was used to find a reference on LitCovid - an up-to-date curated
list of references related to research on COVID-19. The complete search
strategy is available in Supplementary File 1. Citations were imported
into Covidence™, an online tool used to manage various steps of a
systematic review’s screening phases. Duplicate references were iden-
tified and removed once imported into Covidence. Additional duplicates
were identified and excluded while screening references.

2.3. Inclusion and exclusion criteria

Our inclusion criteria consisted of the following: 1) conducted as
from 2020 (we decided to consider the studies from January although
the pandemic was declared in March in order to have a better consid-
eration for those conducted in China), 2) using a longitudinal design
with at least two-time points during the COVID-19 pandemic, 3) con-
ducted on mental health problems such as depression, anxiety, psy-
chological distress, insomnia, PTSD, and substance use, and 4) published
in a peer-reviewed journal. Only quantitative studies conducted with
validated self-reported questionnaires or structured clinical interviews
in person or online were included. We excluded studies with the
following criteria: 1) only conducted during a one-time point during the
COVID-19 pandemic, 2) used a cross-sectional method, 3) a psycho-
logical/medical intervention was used, and 4) preprint articles.

2.4. Steps for selection

Using the five databases, we found 33,654 articles, which were im-
ported into the Covidence™ tool. After removing the duplicates, the title
and abstract of 18,070 studies were screened. A total of 394 full-text
studies were assessed for eligibility, while 253 of them were rejected
for different reasons (20 editorials or commentaries; 42 no empirical
data on mental health; 149 no longitudinal data; 23 no longitudinal data
during the COVID-19 pandemic; 17 no longitudinal data on mental
health problems; one in a different language; one preprint). A total of
141 articles were retained for evaluation of quality, and 52 were
excluded for having scores less than six on the Newcastle-Ottawa Scale
(NOS). Finally, 25 other articles were excluded for different reasons (19
no available data for analysis; five different measures were used in the
baseline and the follow-up; one not enough study for internalizing and
externalizing symptoms). Consequently, 64 articles were included in the
current study. Fig. 1 presents the PRISMA chart.
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The different selection steps including title-abstract and full-text
screening, data extraction, and assessment of quality were conducted
by pairs of coders consisting of 16 V-TRaC Lab members (EA, FMB, SF,
00, DN, MS, HP, GS, CB, PJ, GU, APG, GR, MKR, AM, SK). Disagree-
ments in screening and coding were resolved by four authors (JMC,
SMMMF, RDD, WPD).

2.5. Data extraction and management

The 16 V-TRaC Lab members were trained to extract data by a
research librarian and the first author. The extracted data included:
authors, publication date, country, geographical region, time intervals
between the baseline and the last follow-up, time interval between each
time point, number of time points, sample size at each time point, female
sample size at each time point, means (SD) of age at baseline, measures
and their cut-off scores (if applicable), number of individuals with
depression, anxiety, psychological distress, insomnia, PTSD, substance
use, loneliness, and suicidal ideation at each time point, female pro-
portion who met the screening criteria at each time point, means (SD) of
depression, anxiety, psychological distress, insomnia, PTSD, substance
use, loneliness, and suicidal ideation at each time point. For studies that
have reported mental health problems before the COVID-19 pandemic,
we only extracted data from the time points during the COVID-19
pandemic. Therefore, to be included, studies conducted before and
during the pandemic must have at least two time points (waves) during
the pandemic. As the main aim of the present study was to provide the
estimated prevalence of mental health problems, we contacted the re-
searchers who did not provide the number of individuals who met
screening criteria for mental health problems in their articles. Of the
contacted researchers, only three sent us the requested data.

2.6. Quality assessment

To assess the quality of the studies, we utilized the Newcastle-Ottawa
Scale (NOS). The NOS is a tool for assessing the risk of bias and the
quality of longitudinal and case-control studies (Wells et al., 2000).
There are three general indicators: selection, compatibility, and
outcome. The selection indicates whether the reported sample of a study
is representative of the general population. The comparability indicates
whether there were any controlling variables in the reported studies.
The outcome indicator focuses on the outcome assessment, the adequacy
of completion follow-up, and the adequacy of the time interval. Papers
can be scored a maximum of four points for selection, two points for
compatibility, and three points for outcome. The highest total score is 9.
Studies with scores of 6 points or more are usually included in meta-
analyses (Yates et al., 2019). Quality of assessment of included articles
is presented in Table 1.

2.7. Statistical analysis

Two different approaches were used to analyze the data. All statis-
tical analysis was performed using Stata SE 16.

2.8. Cross-sectional analysis

2.8.1. Prevalence estimates

We considered the prevalence rates across time points which were
cross-sectionally compared. To account for the heterogeneity of studies’
results, random-effects meta-analyses were conducted on the pro-
portions of individuals who met the diagnostic/screening criteria for
depression, anxiety, PTSD, psychological distress, insomnia, substance
use, loneliness, and suicidal ideation. Cochrane Q and the inconsistency
index (1%) were used to assess statistical heterogeneity. Random-effects
subgroup meta-analyses were also performed to compare pooled prev-
alence rates between different regions, gender, age, and types of mea-
sures. The subgroup analysis criterion had to have at least two time



Table 1

Studies characteristics.

Source Year of Country Sample Sample Females’ Age (mean Nof Time Anxiety measure  Depression Psychological ~PTSD measure Substance use Insomnia Loneliness  Suicidal Quality
publication characteristics size at % at the orrange) waves interval measure distress measure measure measure ideation score
the baseline in measure measure
baseline months
Ahmed et al. 2021 China Employee 451 80 % Different 3 2.00 The Kessler 8
ages Psychological
Distress Scale
(K6)
Ahrens etal. 2021 Germany 523 69 % 31.53 8 2.00 The General 6
Health
Questionnaire
(GHQ-28) and
the Patient
Health
Questionnaire
(PHQ-4)
Amanzio 2021 Italy Older adults 50 80 % 70.04 2 6.00 Hamilton Anxiety Beck’s 7
et al. with least two Rating Scale Depression
chronic (HAM-A) Inventory (BDI)
pathologies
Andersen 2021 France Community 417 64 % 40.00 7 1.25 Anxious/ 6
et al. Depressed
syndrome
subscale-ASR
Batterham 2021 Australia General 1293 50 % 46.00 7 3.00 General Anxiety  The Patient 6
et al. Disorder-7 (GAD- Health
7) Questionnaire
(PHQ-9)
<3 Baumann 2021 USA Emergency 426 45 % 30-44 2 1.00 The Primary 6
et al. physicians Care PTSD
Screen for
DSM-5 (PC-
PTSD-5)
Bendau et al. 2021 Germany General 1855 77 % 38.76 4 1.00 General Anxiety  The Patient The Patient 6
Disorder (GAD-2) Health Health
Questionnaire Questionnaire
(PHQ-2) (PHQ-4)
Bhuiyan 2021 USA General 8392 84 % 47.53 2 2.00 Hospital Anxiety —Hospital Anxiety 6
et al. and Depression and Depression
Scale (HADS-A) Scale (HADS-D)
Brunoni 2021 Brazil public 1943 58 % 62.30 3 5.00 The Depression,  The Depression, 8
etal. servants of t Anxiety and Anxiety and
Stress Scale — 21  Stress Scale — 21
(DASS-21) (DASS-21)
Casali etal. 2021 Italy General 254 79 % 36.05 2 8.00 The General 6
Health
Questionnaire
(GHQ-12)
Chen et al. 2021 China Hospitalized 163 49 % 40.00 2 2.00 General Anxiety  The Patient 6
patients with Disorder (GAD-7) Health
COVID-19 Questionnaire
(PHQ-9)
Chew et al. 2020 Singapore Residents 274 51 % 30.60 2 3.00 The Impact of 6
from the Event Scale -
National Revised (IES-
Healthcare R)
Group (NHG)
Residency
Programs

(continued on next page)
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Table 1 (continued)

(continued on next page)

Source Year of Country Sample Sample Females’ Age (mean N of Time Anxiety measure  Depression Psychological ~ PTSD measure Substance use Insomnia Loneliness  Suicidal Quality
publication characteristics sizeat % at the orrange) waves interval measure distress measure measure measure ideation score
the baseline in measure measure
baseline months
Cousijn et al. 2021 Netherlands Cannabis 183 NA 18-46 2 2.00 Mental health Mental health The MINI 7
users and (Cannabis (DSM-5-CCSM) (DSM-5-CCSM) version 7.0.0
control users), DSM-5 CUD
18-31
(control
group)
Czeisler etal. 2021a USA General 5470 51 % 18 years 2 3.00 COVID-19 — Not Not mentioned Not mentioned 6
and older related mentioned
trauma- and
stressor-
related
disorders
Czeisleretal. 2021b Australia General 331 48 % 18 years 2 5.00 Not 7
and older mentioned:
anxiety or
depression
Dalkneretal. 2021 Austria Control and 48 63 % 41.00 2 1.50 The Brief Beck’s The Brief 6
Bipolar Symptom Depression Symptom
Inventory 18 Inventory (BDI-2) Inventory 18
(BSI-18) (BSI-18)
Daly and 2021 USA General 5664 51 % 48.90 8 3.00 The Patient 7
Robinson Health
Questionnaire
(PHQ-9)
N Daly et al. 2021 USA General 6819 52 % 48.40 2 1.00 The Patient 6
Health
Questionnaire
(PHQ-2)
Fanari and 2021 USA Students 133 78 % 20.60 2 6.00 The UCLA 6
Segrin Loneliness
Scale
Fancourt 2021 United General 17,090 51 % 18 years 20 5.00 General Anxiety  The Patient 7
et al. Kingdom and older Disorder (GAD-7) Health
Questionnaire
(PHQ-9)
Fenollar- 2021 Spain General 164 75 % 38.90 3 1.50 The Depression,  The Depression, 7
Cortes Anxiety and Anxiety and
etal. Stress Scale — 21  Stress Scale — 21
(DASS-21) (DASS-21)
Gonzalez- 2020 Spain General 3444 75 % 18 years 3 General Anxiety  The Patient Post 6
Sanguino and older Disorder (GAD-2) Health Traumatic
et al. Questionnaire Stress Disorder
(PHQ-2) (PCL-C)
Groarke 2021 United General 1925 70 % 37.01 3 2.00 The Patient 8
et al. Kingdom Health
Questionnaire
(PHQ-9)
Gulliver 2020 Australia General 857 49 % 50.02 2 1.00 General Anxiety  The Patient 6
etal. Disorder (GAD-7) Health
Questionnaire
(PHQ-9)
Han et al. 2021 China Cancer 130 50 % 56.60 2 5.00 The Symptom The Symptom 6
survivors Checklist-90 Checklist-90
(SCL-90) (SCL-90)
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Table 1 (continued)

Depression Scale
(CES-D)

Source Year of Country Sample Sample Females’ Age (mean N of Time Anxiety measure  Depression Psychological ~ PTSD measure Substance use Insomnia Loneliness  Suicidal Quality
publication characteristics sizeat % at the orrange) waves interval measure distress measure measure measure ideation score
the baseline in measure measure
baseline months
Hennigan 2021 Ireland Pre-existing 24 67 % 37.40 2 6.00 Beck Anxiety 7
etal. Anxiety Inventory (BAI)
and the Hamilton
Anxiety Rating
Scale (HARS)
Iob et al. 2020 United General 51,417 51 % 48.80 7 2.00 The Patient 6
Kingdom Health
Questionnaire
(PHQ-9)
Tovino et al. 2021 USA Family 337 64 % 18 years 2 6.00 The Depression,  The Depression,  Not mentioned 7
caregivers and older Anxiety and Anxiety and
Stress Scale — 21  Stress Scale — 21
(DASS-21) (DASS-21)
Johansson 2021 Sweden University 1364 76 % 26.80 2 9.00 The Depression,  The Depression, 6
et al. students Anxiety and Anxiety and
Stress Scale — 21  Stress Scale — 21
(DASS-21) (DASS-21)
Khan and 2021 Japan 4253 35% 50.32 2 12.00 The UCLA 6
Kadoya Loneliness
Scale
Kimura et al. 2021 Japan Mothers 2489 100 % 35.50 2 4.00 The Kessler 6
Psychological
Distress Scale
(K6)
3 Kulbin et al. 2021 Estonia General 202 90 % 45.56 3 6.00 The Emotional The Emotional The PTSD Alcohol Use The Emotional 6
State State Checklist Disorders State
Questionnaire Questionnaire Civilian Identification = Questionnaire
(EST-Q2) (EST-Q2) version (PCL-  Test. AUDIT-C  (EST-Q2)
9]
Kyzar etal. 2021 USA Community 52 62 % 46.00 2 6.00 General Anxiety ~ The Patient The PTSD The Insomnia 6
Disorder (GAD-7) Health Checklist Severity Scale
Questionnaire Civilian (ISS)
(PHQ-9) version (PCL-
9]
Lee et al. 2020 USA Community 564 61 % 25.10 2 3.00 The Patient The three- 6
Health item
Questionnaire Loneliness
(PHQ-4) Scale
Lopez Argentina College 1492 84 % 23.58 2 1.00 State-Trait Beck’s The Kessler 6
Steinmetz 2021 students Anxiety Depression Psychological
et al. Inventory (STAI) Inventory (BDI-2) Distress Scale
(K10) and the
General
Health
Questionnaire
(GHQ-12)
Lopez- 2021 Argentina Women 204 100 % 32.56 4 2.00 Beck’s 8
Morales Depression
etal. Inventory (BDI-2)
Marroquin 2020 USA General 118 46 % 41.54 2 1.00 General Anxiety  Center for 6
etal. Disorder (GAD-7) Epidemiologic
Studies

(continued on next page)
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Table 1 (continued)

Source Year of Country Sample Sample Females’ Age (mean Nof Time Anxiety measure  Depression Psychological ~PTSD measure Substance use Insomnia Loneliness  Suicidal Quality
publication characteristics size at % at the orrange) waves interval measure distress measure measure measure ideation score
the baseline in measure measure
baseline months
Mergel and 2021 Germany Participants 106 48 % 49.70 2 3.00 The Brief 6
Schutzwoh with chronic/ (chronic), (chronic), Symptom
acute mental 60 % 44.00 Inventory 18
disorders and (acute), (acute), (BSI-18)
without 75 % 41.00
mental (without (without
disorders mental mental
health health
disorders) disorders)
Messiah 2021 USA BS patients 39 87 % 50.28 2 4.00 The Quick The Quick 7
etal. Inventory of Inventory of
Depressive Depressive
Symptomatology- Symptomatology-
Self-report (QIDS-  Self-report (QIDS-
SR16) SR16)
Moya etal. 2021 Colombia Caregivers 803 97 % 29.05 3 8.00 The Symptom The Symptom 6
Checklist-90 Checklist-90
(SCL-90) (SCL-90)
Niedzwiedz United General 12,492 53 % 18 years 5 6.00 The General 6
etal. Kingdom and older Health
Questionnaire
(GHQ-12)
Nistico et al. 2021 Italy Eating 40 97 % 30.10 2 2.00 The Depression,  The Depression, 6
disorders Anxiety and Anxiety and
N Stress Scale — 21 Stress Scale — 21
o (DASS-21) (DASS-21)
O’Connor 2020 United General 3077 55 % 18 years 3 0.50 General Anxiety = The Patient Adult 7
et al. Kingdom and older Disorder (GAD-7) Health Psychiatric
Questionnaire Morbidity
(PHQ-9) Survey
Osaghae 2021 USA Adults 267 71 % 18 years 2 4.00 General Anxiety  The Patient Alcohol Use 6
et al. undergoing and older Disorder (GAD-7) Health Disorders
COVID-19 Questionnaire Identification
testing (PHQ-9) Test. AUDIT-C
Parker etal. 2021 USA Hospitalized 44 35 % 59.00 2 0.50 Hospital Anxiety —Hospital Anxiety 6
COVID-19 and Depression and Depression
patients Scale (HADS-A) Scale (HADS-D)
Pizzonia 2021 USA Community 635 49 % 38.52 2 3.00 Insomnia 7
et al. Severity Index
(ISD)
Quaglieri 2021 Italy General 123 74 % 33.90 5 2.00 State-Trait 6
et al. Anxiety
Inventory (STAI)
Ripoll etal. 2021 Spain General 681 77 % 18 years 2 2.00 General Anxiety ~ The Patient Psychotropic 6
and older Disorder (GAD-7) Health drugs
Questionnaire consumption
(PHQ-9) (yes or no)
Ruggieri 2020 Italy General: 113 62 % 32.05 3 1.25 The Depression,  The Depression, 6
et al. Facebook Anxiety and Anxiety and
users Stress Scale — 21 Stress Scale — 21
(DASS-21) (DASS-21)
Riehmetal. 2021 USA General 6863 52 % 18 years 10 5 The Patient 6
and older Health
Questionnaire
(PHQ-4)

(continued on next page)
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Table 1 (continued)

Source Year of Country Sample Sample Females’ Age (mean Nof Time Anxiety measure  Depression Psychological ~PTSD measure Substance use Insomnia Loneliness  Suicidal Quality
publication characteristics size at ~ % at the orrange) waves interval measure distress measure measure measure ideation score
the baseline in measure measure
baseline months
Rumas et al. 2021 USA Community 797 55 % 32.20 2 1.00 The UCLA 6
_Canada Loneliness
Scale
Russell etal. 2021 USA Caregivers 801 54 % 35.29 2 2.00 The Depression,  The Depression, 7
and non- Anxiety and Anxiety and
caregivers Stress Scale — 21 Stress Scale — 21
(DASS-21) (DASS-21)
Shevlin et al. 2021 United General 2025 51 % Adult 3 3.00 The Patient The 6
Kingdom Health International
Questionnaire  Trauma
Anxiety- Questionnaire
Depression (ITQ)
Scale (PHQ-
ADS)
Shuster et al. 2021 USA General 1426 49 % 35.04 10 2.00 State-Trait The Zung Self- 7
Anxiety Rating
Inventory (STAI) Depression
Soldevila- 2021 Spain Old adults 16 62 % 65.80 3 2.00 The General 6
Domenech with at least 4 Health
etal. SCD-Plus Questionnaire
features and (GHQ-12)
APOE ¢4
carriers
Somma et al. 2021 Italy General 304 76 % 35.28 2 2.00 DSM-5 Level 2 DSM-5 Level 2 7
Anxiety Depression
N Stevenson 2021 United 457 70 % 37.60 2 4.00 Hospital Anxiety —Hospital Anxiety The Short  The Suicide 7
and Kingdom and Depression and Depression loneliness ~ Behaviors
Wakefield Scale (HADS-A) Scale (HADS-D) Scale Questionnaire-
Revised (SBQ-
R)
Sueki and 2021 Japan General 6683 49 % 46.50 2 3.00 The Suicidal 6
Ueda Ideation Scale
van Breen 2021 23 The 4606 73 % 4 Self-report 6
et al. countries PsyCorona Loneliness
database
van der 2021 Netherlands General 4084 51 % 18 years 2 3.25 The Mental 6
Velden and older Health Index
et al. or Inventory
(MHI-5)
Vlake et al. 2021 Netherlands ICU COVID-19 118 33 % 36-77 3 6.00 Hospital Anxiety —Hospital Anxiety The Impact of 9
patients years old and Depression and Depression Event Scale -
Scale (HADS-A) Scale (HADS-D) Revised (IES-
R)
Yocum etal 2021 USA Adults with 435 87 % Adult 3 1.00 General Anxiety  The Patient Pittsburgh 8
bipolar Disorder (GAD-7) Health Sleep Quality
disorder and Questionnaire Index (PSQI)
control group (PHQ-9)
Zheng etal. 2021 UsA/ General 2463 84 % 44.94 2 0.50 Center for 6
Canada Epidemiologic
Studies
Depression Scale
(CESD-10)
Zhou et al. 2021 China Frontline 494 83 % 33.76 2 1.25 The Symptom Pittsburgh 6
healthcare Checklist-90 Sleep Quality
workers (SCL-90) Index (PSQI)
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points per group (Robinson et al., 2022). For example, we did not
perform a subgroup analysis of the differences between measures un-
derlying substance use prevalence as there were not enough time points
per measure. Furthermore, the region groups consisted of Europe, North
America, Latin America, Asia-Pacific (including Australia and Asian
countries), and Africa. Multiple meta-regression analyses with random
effects were conducted considering the percentage of females with
mental health problems and age means at baseline, as well as regions,
and type of measures. The models without multicollinearity were
reported.

2.8.2. Mean differences

For the continuous data, we computed standardized mean differ-
ences (SMD) based on the one-sample Cohen’s d of each mental health
problem to account for different measures that were utilized by other
studies to make a comparable scaling. Cohen’s d effect size with a 95 %
CI was reported. For Cohen’s d considering SMD, 0.2-0.5 values are
considered small, 0.5-0.8 values are considered medium, and values
>0.8 are considered large effects (Andrade, 2020). A series of meta-
analyses with random effects were performed. Cochrane Q and the
inconsistency index (12) were used to assess statistical heterogeneity. A
subgroup analysis of the differences in month, region, and type of
measure was conducted. The subgroup analysis criterion was to have at
least two time points per group. Furthermore, multiple meta-regression
models with random effects were applied to test the associations of the
proposed groups’ age means at baseline, and female percentage at
baseline with the effect size of each mental health problem. Multi-
collinearity assumption was checked for each model. The grouping
variables were the same as the prevalence estimates procedure.

2.9. Longitudinal analysis

Pooled prevalence rates between time points were evaluated per-
forming random effects. There were not many time points in January
and February 2020 as well as after July 2020. Therefore, both January
and February were grouped as the first category, after July time points
were categorized as one group. We compared the effect estimates be-
tween baseline and the last follow-up. First, we computed the log odds
ratio (LOR) with a 95 % confidence interval (CI) for the prevalence
between the baseline and the last follow-up. Negative LOR is considered
as a decrease in the prevalence from the baseline to the last follow-up.
Positive LOR is considered an increase in the prevalence from the
baseline to the last follow-up. Second, the SMD in pooled SDs between
the baseline and the last follow-up was used to calculate Cohen’s d effect
size with a 95 % CI. Then, we converted Cohen’s d effect sizes to LOR in
order to integrate longitudinal studies reported means of mental health
problems and studies that reported the prevalence rates. The grouping
variables included regions and measures used. The meta-analysis on the
LORs across studies and the subgroup meta-analyses were conducted
using random effects. The subgroup analysis criterion was to include a
group with at least two studies. Multiple meta-regression analyses were
performed to examine the associations of moderators, including time
intervals between baseline and the last follow-up, region, type of mea-
sures, age means and female percentage at baseline, with the LOR of
each mental health problem. Funnel plots and Eager’s regression
(models with/without moderators) were applied to examine publication
bias for both approaches. The meta-analyses were conducted using Stata
SE 16.

3. Results
3.1. Study characteristics
The search identified 33,654 studies as shown in Fig. 1. In total, 78

full-text studies received a score of 6 or more in the quality assessment.
Fourteen studies were excluded as there was no available data for
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analysis (N = 9; the research team contacted the authors, but four did
not answer and five authors said that the data were not available). There
were also not enough studies for internalizing and externalizing symp-
toms (N = 1). Furthermore, there were five studies that used different
measures at baseline and follow-ups, resulting in the inclusion of 64
studies in the current study (Fig. 1). Thirty-seven studies were con-
ducted on anxiety, 40 on depression, 18 on psychological distress, 8 on
PTSD, five on substance use, 6 on insomnia, 8 on loneliness, and four on
suicidal ideation. In total, there was a sample of 170,827 participants at
baseline. The sample size ranged from 16 to 51,417. The mean (SD) age
of participants at baseline was 40.92 (SD = 10.82). The proportion of
females at baseline ranged from 33 % to 100 % with means of 65 % (SD
= 17 %). The number of time points ranged from two to 20 with a time
interval of two weeks to nine months between baseline and the last
follow-up measure (M = 3.27, SD = 2.35). The means of quality
assessment score were 6.44 (0.71). Most studies were from North
America (N = 20), United Kingdom (N = 7), and Italy (N = 6). Moreover,
four studies were from China, four studies were from Spain, three studies
were from the Netherlands, three were from Australia, three were from
Germany, three were from Japan, and two were from Argentina. There
was one paper reported from the following regions: Estonia, Austria,
Japan, France, Brazil, Colombia, Singapore, Ireland, and Sweden. There
was one paper which reported the outcome in 23 countries. The char-
acteristics of the included studies are presented in Table 1. In the
following sections, we used the term “wave” to designate the “time-
points measurement”.

3.2. Prevalence estimates and mean differences
3.2.1. Anxiety

3.2.1.1. Prevalence estimates. Twenty-two studies reported the anxiety
prevalence (Amanzio et al., 2021; Batterham et al., 2021; Bendau et al.,
2021; Brunoni et al., 2021; Fancourt et al., 2021; Fenollar-Cortés et al.,
2021; Hennigan et al., n.d.; Kulbin et al., 2021; Kyzar et al., 2021; Lopez
Steinmetz et al., 2021; Marroquin et al., 2020; Messiah et al., 2021;
Moya et al., 2021; Nistico et al., 2021; O’Connor et al., 2020; Osaghae
etal., 2021; Parker et al., 2021; Quaglieri et al., 2021; Ripoll et al., 2021;
Ruggieri et al., 2021; Vlake et al., 2021; Yocum et al., 2021). Ten studies
reported the prevalence in three waves, 7 studies reported it in three
waves, there were one four waves, one five waves, one seven waves, and
one twenty-wave study. The pooled anxiety prevalence was 25 % (95 %
CI, 20.7 %-29.3 %, see eTable 1). The heterogeneity level in the analysis
was high (? = 99.64 %, Q = 14,072.95, p < .0001). In terms of region,
there were 50 waves conducted in Europe, 14 waves conducted in North
America, 7 waves in Asia-Pacific (Australia), and 8 waves in Latin
America. There was a higher prevalence rate in North America (Preva-
lence = 43.0 %; 95 % CI, 27.1 %-58.8) in comparison to Europe
(Prevalence = 22.1 %; 95 % CI, 18.3 %-25.9 %), Latin America (Prev-
alence = 20.5 %; 95 % CI, 6.2 %-34.9 %), and Asia-Pacific (Prevalence
= 15.0 %; 95 % CI, 13.6 %-16.4 %). A significant difference between
regions were found (y2 = 23.50, p < .001). The highest heterogeneity
was observed in studies conducted in Europe.

The GAD-7 was used in 40 waves, the DASS-21 was used in 8 waves,
the STAI was used in 7 waves, the SCL-90 was used in five waves, the
HAM-A (HARS) was used in 7 waves, the HADS-A was used in five
waves, the GAD-2 was used in four waves, the EST-Q2 was used in three
waves, and the BAI was used in two waves. There were significant group
differences across types of measures (3> = 249.09, p < .0001). The
studies that used the STAI (Prevalence = 56.4 %; 95 % CI, 52.8 %-60.1
%) reported a higher prevalence than those that used the SCL-90
(Prevalence = 37.8 %; 95 % CI, 10.2 %-65.4 %), the GAD-2 (Preva-
lence = 28.8 %; 95 % CI, 23.3 %-34.2 %), the GAD-7 (Prevalence = 21.5
%; 95 % CI, 15.4 %-27.5 %), the EST-Q2 (Prevalence = 21.3 %; 95 % CI,
16.8 %-25.7 %), HADS-A (Prevalence = 21.2 %; 95 % CI, 9.4 %-32.9



J.M. Cénat et al.

%), HAM-A (Prevalence = 16.5 %; 95 % CI, 9.7 %-23.3 %), the DASS-21
(Prevalence = 16.5 %; 95 % CI, 5.5 %-27.5 %), and the BAI (Prevalence
= 15.8 %; 95 % CI, 5.6 %-26.1 %). The highest heterogeneity was
observed in studies that used the GAD-7. Meta-regression showed that
the pooled prevalence rate is associated with female prevalence rate (B
= 0.81, p < .001). The multiple meta-regression model explained 98.88
% of the variation in the anxiety prevalence rate. The Eager’s test
showed significant publication bias for the model with moderators,
while it showed the opposite for those without moderators.

3.2.1.2. Mean differences. There were 15 studies (Bhuiyan et al., 2021;
Chen et al., 2021; Cousijn et al., 2020; Dalkner et al., 2021; Gonzélez-
Sanguino et al., 2021; Gulliver et al., 2021; Han et al., 2021; Iovino et al.,
2021; Johansson et al., 2021; Lopez-Morales et al., 2021; Mergel and
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Schiitzwohl, 2021; Russell et al., 2021; Shuster et al., 2021; Somma
et al., 2021; Stevenson and Wakefield, 2021) which reported the means
of anxiety. Ten studies reported the anxiety means in two waves, two
studies reported it in three waves, one study reported it in 10 waves, and
one study reported it in four waves. Two studies (Cousijn et al., 2020;
Dalkner et al., 2021) reported the means of anxiety in two different
populations and one study (Mergel and Schiitzwohl, 2021) reported it in
three different populations. The pooled effect size between studies was
2.52 (95 % CI 1.69, 3.36; see eTable 2). The heterogeneity was high (2
=98.00 %. Q = 2449.91 p < .0001). Sixteen waves were conducted in
North America, 15 waves were conducted in Europe, 7 waves were
conducted in Asia-Pacific, and four waves were conducted in Latin
America. Group differences underlying the region (y? = 195.96, p <
.001) and measures (;(2 = 258.08, p < .001). A higher effect size was

Effect Size Weight

Study with 95% CI (%)
Amanzio et al. (2021) —#— 0.68[ -049, 1.85] 1.51
Batterham et al. (2021) ] -0.23[ -0.49, 0.02] 2.71
Bendau et al. (2021) [ ] -0.54[ -0.70, -0.39] 2.78
Bhuiyan et al. (2021) [ ] -0.15[ -0.18, -0.11] 2.82
Brunoni et al. (2021) E 3 -0.64[ -1.00, -0.28] 2.61
Chen et al. (2021) L | -0.51[ -0.78, -0.23] 2.69
Cousijn et al. (Cannabis Users; 2021) B -0.06[ -0.32, 0.19] 2.71
Cousijn et al. (Control; 2021) E 3 -1.50[ -1.86, -1.14] 2.60
Dalkner et al. (Bipolar; 2021) —- -0.07[ -0.69, 0.55] 2.27
Dalkner et al. (Control; 2021) — 0.32[ -0.31, 0.94] 227
Fancourt et al. (2021) [ ] -0.81[ -0.87, -0.75] 2.82
Fenollar-Cortes et al. (2021) -l -0.09[ -0.66, 0.49] 2.33
Gonzalez-Sanguino et al. (2020) [ ] -0.07[ -0.16, 0.02] 2.81
Gulliver et al. (2020) [ ] -0.12[ -0.22, -0.03] 2.81
Han et al. (2021) L | -2.64 [ -2.93, -2.36] 2.68
Hennigan et al. (a; 2021) —— -0.61[ -2.17, 0.95] 1.1
Hennigan et al. (b; 2021) —.— -0.79[ -2.59, 1.01] 0.92
lovino et al. (2021) [ ] 0.06[ -0.09, 0.21] 2.78
Johansson et al. (2021) [ ] -0.05[ -0.13, 0.03] 2.81
Kulbin et al. (2021) - 0.28[ -0.19, 0.74] 2.48
Kyzar et al. (2021) = -1.65[ -4.71, 1.41] 041
Lopez Steinmetz et al. (2021) [ | -0.09[ -0.24, 0.05] 2.78
Lopez-Morales et al. (2021) [ ] 0.34[ 0.14, 0.53] 2.76
Marroquin et al. (2020) - 0.35[ -0.16, 0.87] 2.42
Mergel and Schutzwoh (Acute; 2021) - -0.27[ -0.78, 0.23] 2.43
Mergel and Schutzwoh (Chronic; 2021) - 0.00[ -0.53, 0.53] 2.39
Mergel and Schutzwoh (Control; 2021) L 3 -0.29[ -0.69, 0.11] 2.57
Messiah et al. (2021) —— -1.06 [ -1.94, -0.18] 1.89
Moya et al. (2021) ] 0.33[ 0.07, 0.58] 2.71
Nistico et al. (2021) —— -1.05[ -1.97, -0.13] 1.84
O'Connor et al. (2020) [ ] -0.28 [ -0.41, -0.14] 2.79
Osaghae et al. (2021) E 3 0.06[ -0.31, 0.43] 2.60
Parker et al. (2021) —a— -2.21[ -3.40, -1.03] 1.49
Quaglieri et al. (2021) - -0.17 [ -0.68, 0.34] 2.42
Ripoll et al. (2021) - -0.07 [ -0.56, 0.42] 2.46
Ruggieri et al. (2020) —— 157 079, 2.36] 2.03
Russell et al. (2021) [ ] -0.78 [ -0.88, -0.68] 2.80
Shuster et al. (2021) [ ] -0.55[ -0.64, -0.46] 2.81
Somma et al. (2021) [ ] -0.67 [ -0.83, -0.51] 2.78
Stevenson and Wakefield (2021) [ ] -0.05[ -0.19, 0.08] 2.79
Vlake et al. (2021) —— 0.12[ -0.79, 1.04] 1.84
Yocum et al. (2021) . = -1.47[ -1.93, -1.00] 2.48
Overall ¢ 0.33[ -0.54, -0.12]
Heterogeneity: 1° = 0.41, I = 98.63%, H’ = 73.05
Test of 8 = 6;: Q(41) = 1092.40, p = 0.00
Test of 6 = 0: z=-3.06, p = 0.00
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Fig. 2. Changes in anxiety symptoms from the baseline to the follow-up.

79



J.M. Cénat et al.

reported in studies conducted in North America (d = 4.85), and in
studies that used the EST-Q2 (d = 6.09). Meta-regression showed that
age at baseline (B = —0.25, p < .001) and measures (B = 0.34, p =.033)
are associated with the pooled effect size of anxiety. The model
explained 51.66 % of the variation in the anxiety effect size.

3.2.1.3. Longitudinal analysis. Regarding longitudinal prevalence dif-
ferences, there were 17 waves in March, 18 waves in April, 15 waves in
May, 13 waves in June, 9 waves in July, and 6 waves in the following
months (one in September three in October, one in November). There
was only one wave in January-February that was not included in the
subgroup analysis. No group differences regarding months were found
(r? = 7.45, p = .189). Regarding longitudinal mean differences, two
waves were conducted in the month of January-February, four waves
were conducted in March, 16 waves were conducted in April, 11 waves
were conducted in May, five waves were conducted in June, and four
waves were conducted in months after July (one August, two September,
and one October). Significant group differences between months were
found (% = 13.81, p = .017). Higher means were observed in May (d =
3.63). Results are presented in Fig. 16.

Regarding the differences between baseline and the last follow-up,
the results showed a significant decrease in anxiety (LOR = —0.33; 95
% CI, —0.54, —0.12; Fig. 2 and Table 2). The heterogeneity of the pooled
effect size was high (% = 98.63 %. Q =1092.40 p < .001). In total, 12
studies were conducted in North America, 16 (two studies had two
different groups of participants) in Europe, four in Asia-Pacific, and four
studies in Latin America. There were no differences between regions (32
= 3.19, p = .364; Fig. 3). Regarding the measures, 10 studies used the
GAD-7, 7 studies used the DASS-21, four studies used the STAI, and four
studies used the HADS-A and the DSM-5-based tools. There were two
studies for the GAD-2, the SCL-90, the BSI-18, and the HAM-A. No group
differences between measures were found (2 = 4.34, p = .825; Fig. 3).
The moderators were not statistically associated with the effect size. No
indication of publication bias was observed.

3.2.2. Depression

3.2.2.1. Prevalence estimates. Twenty-six studies reported the preva-
lence of depression (Amanzio et al., 2021; Batterham et al., 2021;
Bendau et al., 2021; Dalkner et al., 2021; Daly et al., 2021; Fancourt
et al., 2021; Fenollar-Cortés et al., 2021; Groarke et al., 2021; Iob et al.,
2020; Kulbin et al., 2021; Kyzar et al., 2021; Lee et al., 2020; Lopez-
Morales et al., 2021; Lopez Steinmetz et al., 2021; Marroquin et al.,
2020; Messiah et al., 2021; Moya et al., 2021; Nistico et al., 2021;
O’Connor et al., 2020; Osaghae et al., 2021; Parker et al., 2021; Ripoll
et al., 2021; Ruggieri et al., 2021; Vlake et al., 2021; Zheng et al., 2021).
Twelve studies reported the prevalence in two waves, 9 in three waves,
two in 7 waves, and two in four waves. There was one twenty-wave
study. The pooled prevalence across all-time points and studies was
26.8 % (95%CI, 23.7 % - 29.9 %, see eTable 1). A significant hetero-
geneity between studies was found @ = 99.89, Q = 20,578.82, p <
.0001).

Eighteen waves were conducted in North America, 56 waves were
conducted in Europe, 12 waves were conducted in Latin America, and 7

Table 2

Longitudinal effect sizes of mental health problems.
Outcome LOR 95 % CI z p-Value
Anxiety —0.33 —0.54, —0.12 -3.06 0.002
Depression —0.12 —0.21, 0.04 2.80 0.005
Psychological distress 0.01 -0.72, 0.74 0.02 0.98
PTSD —0.00 -0.17,0.17 —0.02 0.98
Substance use —0.06 —-0.29, 0.16 —0.55 0.58
Insomnia 0.43 —0.13, 0.98 1.49 0.14
Loneliness 0.04 —0.00, 0.09 1.96 0.05
Suicidal ideation 0.05 —0.08, 0.17 0.73 0.47
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waves were conducted in Asia-Pacific (Australia). A higher prevalence
rate of depression was observed in North America (Prevalence = 38.3 %;
95 % CI, 27.2 %-49.5 %) in comparison with Europe (Prevalence = 24.6
%; 95 % CI, 22.9 %-26.4 %), Latin America (Prevalence = 20.9 %; 95 %
CI, 9.9 %-32.0 %), and Asia-Pacific (Prevalence = 20.6 %; 95 % CI, 19.2
%-21.9 %). The group difference test was significant (> = 20.81, p <
.001). Higher heterogeneity was observed in the waves conducted in
Latin America. The PHQ-9 was used in 44 waves, the DASS-21 was used
in 11 waves, the BDI-2 was used in 10 waves, the PHQ-2 was used in 8
waves, the HADS-D was used in five waves, the EST-Q2 and the SCL-90
was used in three waves, and there were two waves for the QIDS-SR16,
the CES—D, and the CESD-10. There was a significant difference across
measures (y? = 2408.10, p < .0001). Studies that used the QIDS-SR16
(Prevalence = 83.1 %; 95 % CI, 70.9 %-95.2 %) and the CESD-10
(Prevalence = 70.2 %; 95 % CI, 69.9 %-71.5 %) reported a greater
prevalence rate of depression, respectively. The prevalence was 37.0 %
for the CES—D, 30.4 % for the BDI-2, 24.4 % for the PHQ-9, 23.8 % for
the SCI-90, 23.1 % for the EST-Q2, 23.0 % for the PHQ-2, 22.4 % for the
HADS-D, and 21.4 % for the DASS-21. The highest heterogeneity index
was observed within waves that used the DASS-21. Multiple meta-
regression showed that the prevalence rate of depression in females is
positively associated with the pooled prevalence of depression (B = 0.95
p < .0001). Moreover, measures (B = 0.01, p = .001) were significantly
associated with the prevalence of depression. The model explained
98.18 % of variation in the depression prevalence rate. Eager’s test
revealed a significant publication bias for the model with moderators
and the model without moderators.

3.2.2.2. Mean differences. Fourteen studies reported the means of
depression (Bhuiyan et al., 2021; Chen et al., 2021; Cousijn et al.,
2020; Gonzalez-Sanguino et al., 2021; Gulliver et al., 2021; Han et al.,
2021; Iovino et al, 2021; Johansson et al.,, 2021; Mergel and
Schiitzwohl, 2021; Russell et al., 2021; Yocum et al., 2021). Ten
studies reported the means in two waves, three in three waves, and
one in 10 waves. The effect size of depression between studies was
2.69 with a 95 % CI of 1.74 and 3.64. The heterogeneity was high (>
= 97.78 %. Q = 1979.93 p < .0001). Nineteen waves were conducted
in North America, 13 waves were conducted in Europe, and 7 waves
were conducted in Asia-Pacific. The Zung Self-Rating Depression was
used in 10 waves, the PHQ-9 was used in 7 waves, the DSM-5-based
tools were used in four waves, the DASS-21 was used in 6 waves, the
HADS-D was used in four waves, the PHQ-2 was used in three waves,
the BDI-2 was used in three waves, the SCL-90 was used in three
waves, the BSI-18 was used in two waves. Group differences under-
lying the measures (3> = 1365.21, p < .0001) and regions (y?> =
33.04, p < .001) were significant where a higher depression was re-
ported in the waves conducted in North America (d = 4.76) and the
waves that used the Zung Self-Rating Depression (d = 7.46). Meta-
regression showed that months (B = —0.93, p = .022) are associ-
ated with the pooled effect size of depression. The model explained
47.48 % of the variation in the depression effect size.

3.2.2.3. Longitudinal analysis. Regarding the prevalence, of the 93
waves, two waves were in January-February, 22 waves were in March,
27 waves were in April, 16 waves were in May, 11 waves were in June, 9
waves were in July, and 6 waves were in the following months (one in
August, one in September, two in October, one in November, and one in
February 2021). The group difference between months was not signifi-
cant (y> = 11.53, p = .073). Regarding mean differences, two waves
were in January-February, four waves were in March, 14 waves were in
April, 11 waves were in May, five waves were in June, and three waves
were in months after July (two in September and one in October). Sig-
nificant group differences between months were found (xz =12.77,p =
.026). Higher wave means were reported in May (d = 3.93) compared to
other months. Results are presented in Fig. 2.
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Effect Size Weight

Study with 95% Cl (%)
North America

Amanzio et al. (2021) —@—  068] -049, 1.85] 151
Bhuiyan et al. (2021) ] 0.15[ -0.18, -0.11] 2.82
Gonzalez-Sanguino et al. (2020) [ | -0.07[ -0.16, 0.02] 2.81
lovino et al. (2021) | | 0.06[ -0.09, 0.21] 2.78
Kyzar et al. (2021) -1.65[ -4.71, 1.41] 041
Marroquin et al. (2020) - 0.35[ -0.16, 0.87] 242
Messiah et al. (2021) —— -1.06[ -1.94, -0.18] 1.89
Osaghae et al. (2021) E 3 0.06[ -0.31, 0.43] 2.60
Parker et al. (2021) — 221[ -340, -1.03] 149
Russell et al. (2021) ] -0.78[ -0.88, -0.68] 2.80
Shuster et al. (2021) [ ] -0.55[ -0.64, -0.46] 2.81

Yocum et al. (2021) E 147 -1.93, -1.00] 2.48
Heterogeneity: 7° = 0.41, I’ = 98.98%, H’ = 98.14 044 -0.84, -0.03]
Test of 8, = 6 Q(11) = 273.13, p = 0.00

2

Europe

Bendau et al. (2021) ] 20.54[ -0.70, -0.39] 2.78
Cousijn et al. (Cannabis Users; 2021) | ] -0.06[ -0.32, 0.19] 2.71
Cousijn et al. (Control; 2021) E 3 -1.50[ -1.86, -1.14] 2.60
Dalkner et al. (Bipolar; 2021) - -0.07[ -0.69, 0.55] 227
Dalkner et al. (Control; 2021) - 0.32[ -0.31, 0.94] 227
Fancourt et al. (2021) ] 0.81[ -0.87, -0.75] 2.82
Fenollar-Cortes et al. (2021) —- -0.09[ -0.66, 0.49] 2.33

Hennigan et al. (a; 2021) —a— -0.61[ -2.17, 0.95] 1.11
Hennigan et al. (b; 2021) — -0.79[ -2.59, 1.01] 0.92
Johansson et al. (2021) | -0.05[ -0.13, 0.03] 2.81
Kulbin et al. (2021) g 0.28[ -0.19, 0.74] 248
Mergel and Schutzwoh (Acute; 2021) E o -0.27[ -0.78, 0.23] 243
Mergel and Schutzwoh (Chronic; 2021) ‘B 0.00[ -0.53, 053] 2.39
Mergel and Schutzwoh (Control; 2021) E 3 -0.29[ -0.69, 0.11] 257
Nistico et al. (2021) — -1.05[ -1.97, -0.13] 1.84
O'Connor et al. (2020) ] 0.28[ -0.41, -0.14] 279
Quaglieri et al. (2021) ‘B 20.17[ -0.68, 0.34] 242
Ripoll et al. (2021) B 0.07[ -0.56, 0.42] 2.46
Ruggieri et al. (2020) —— 1.57[ 079, 2.36] 2.03
Somma et al. (2021) ] 0.67[ -0.83, -0.51] 2.78
Stevenson and Wakefield (2021) [ | -0.05[ -0.19, 0.08] 2.79
Vlake et al. (2021) —— 0.12[ -0.79, 1.04] 1.84
Heterogeneity: 1° = 0.23, I = 95.66%, H’ = 23.05 ‘ -0.23[ -0.47, -0.00]

Test of 6, = 8;: Q(21) = 369.44, p = 0.00

Asia-Pacific

Batterham et al. (2021) [ | 0.23[ -0.49, 0.02] 271
Chen et al. (2021) | -0.51[ -0.78, -0.23] 2.69
Gulliver et al. (2020) [ | 0.12[ 0.22, -0.03] 281
Han et al. (2021) | ] 2,64 -2.93, -2.36] 268
Heterogeneity: 1° = 1.40, I = 99.17%, H’ = 120.09 ‘ -0.87[ -2.04, 0.29]

Test of 8 = 8; Q(3) = 273.40, p = 0.00

Latin America
Brunoni et al. (2021) E 3 -0.64 -1.00, -0.28] 2.61
Lopez Steinmetz et al. (2021) [ | -0.09[ -0.24, 0.05] 2.78

Lopez-Morales et al. (2021) [ | 0.34[ 0.14, 0.53] 2.76
Moya et al. (2021) | ] 0.33[ 0.07, 0.58] 271
Heterogeneity: 1° = 0.18, I’ = 93.52%, H’ = 15.43 ‘ -0.00[ -0.44, 0.43]

Test of 8, = 8; Q(3) = 30.69, p = 0.00

Overall ‘ -0.33[ -0.54, -0.12]
Heterogeneity: 1° = 0.41, I = 98.63%, H’ = 73.05

Test of 8 = 6 Q(41) = 1092.40, p = 0.00

Test of group differences: Qy(3) =3.19, p = 0.36
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Effect Size Weight

Study with 95% CI (%)
GAD-7

Batterham et al. (2021) [ ] 023 -049, 002] 271
Chen et al. (2021) | ] -0.51[ -0.78, -0.23]  2.69
Fancourt et al. (2021) [ ] -0.81[ -0.87, -0.75]  2.82
Gulliver et al. (2020) [ | -0.12[ -0.22, -0.03]  2.81

Kyzar et al. (2021) -1.65[ -4.71, 141 041
Marroquin et al. (2020) 035[ -0.16, 0.87] 242
O'Connor et al. (2020) -0.28[ -0.41, -0.14] 279
Osaghae et al. (2021)
Ripoll et al. (2021)

Yocum et al. (2021) -

Heterogeneity: 1 = 0.22, I = 96.51%, H” = 28.69

006[ -0.31, 043] 260
-0.07[ -0.56, 0.42]  2.46
-1.47[ -1.93, -1.00]  2.48
-0.36 [ -0.68, -0.04]

Test of 8,

): Q(9) = 209.76, p = 0.00

—-
.
-
-
GAD-2
Bendau et al. (2021) [ | -0.54[ -0.70, -0.39] 278
Gonzalez-Sanguino et al. (2020) -0.07[ -0.16, 0.02] 2.81
Heterogeneity: 1° = 0.11, I = 96.29%, H” = 26.92 ‘ -0.30[ -0.77, 0.17]
|
u
- —

Test of 8,

i Q(1) = 26.92, p = 0.00

HADS-A
Bhuiyan et al. (2021)
Parker et al. (2021) .

Stevenson and Wakefield (2021)

-0.15[ -0.18, -0.11]  2.82
-2.21[ -3.40, -1.03]  1.49
-0.05[ -0.19, 0.08] 279

Viake et al. (2021) 012[ -0.79, 1.04] 184
Heterogeneity: 1° = 0.70, I = 98.96%, H” = 95.87 ‘ -0.46 [ -1.35, 0.43]

Test of 6, = 6; Q(3) = 13.64, p = 0.00

DASS-21
Brunoni et al. (2021) -0.64[ -1.00, -0.28]  2.61
-0.09[ -0.66, 0.49]  2.33

0.06[ -0.09, 0.21] 278

L 3
Fenollar-Cortes et al. (2021) ——
lovino et al. (2021) [ |
Johansson et al. (2021) [ | -0.05[ -0.13, 0.03]  2.81
Nistico et al. (2021) —— -1.05[ -1.97, -0.13] 1.84
Ruggieri et al. (2020) —ll— 157 079, 2.36] 2.03
Russell et al. (2021) [ | -0.78 [ -0.88, -0.68] 2.80
Heterogeneity: 1° = 0.52, I” = 98.53%, H” = 68.06 ‘ -0.16 [ -0.72, 0.41]
|

Test of 8, = 6;: Q(6) = 175.35, p = 0.00

DSM-5
Cousijn et al. (Cannabis Users; 2021) -0.06[ -0.32, 0.19] 271
Cousijn et al. (Control; 2021) E 3 -1.50[ -1.86, -1.14] 2.60
Somma et al. (2021) -067[ -0.83, 0511 278
Heterogeneity: 1° = 0.49, I’ = 96.84%, H” = 31.65
Test of 0, = 0 Q(2) = 41.33, p = 0.00

-0.74[ -1.54, 0.07]

BSI-18
Dalkner et al. (Bipolar; 2021) —;— -0.07[ -0.69, 0.55] 2.27
Dalkner et al. (Control; 2021) - 032[ 031, 094] 227
Mergel and Schutzwoh (Acute; 2021) |-
Mergel and Schutzwoh (Chronic; 2021) -
]
L

-0.27[ -0.78, 0.23] 243
0.00[ -0.53, 053] 239
Mergel and Schutzwoh (Control; 2021) 0.29[ -0.69, 0.11] 257
Heterogeneity: 1 = 0.00, I = 0.00%, H’ = 1.00
Test of 0, = 0;: Q(4) = 3.16, p = 0.53

-0.12[ -0.35, 0.11]

STAI
Lopez Steinmetz et al. (2021) -0.09[ -0.24, 0.05] 278

Lopez-Morales et al. (2021) 0.34[ 0.14, 053] 276

Quaglieri et al. (2021) —- -017[ -0.68, 0.34]  2.42
Shuster et al. (2021) -0.55[ -0.64, -0.46] 2.81
Heterogeneity: 1° = 0.14, I’ = 95.08%, H’ = 20.33 ’ -0.12[ -0.51, 0.26]

Test of 6, = 6; Q(3) = 78.59, p = 0.00

ScCL-90
Han et al. (2021) 3 -2.64[ -2.93, -2.36]  2.68

Moya et al. (2021) ] 0.33[ 007, 058 271
Heterogeneity: 1° = 4.40, I* = 99.57%, H’ = 232.30 ‘ S1.16[ -4.07, 1.76]

Test of 8, = 6;: Q(1) = 232.30, p = 0.00

HAM-A
Amanzio et al. (2021) —— 0.68[ -0.49, 1.85] 1.51

Hennigan et al. (b; 2021) _ <0.79[ -2.59, 1.01]  0.82
Heterogeneity: 1° = 0.48, I” = 44.27%, H” = 1.79 ‘ 011[ -1.29, 1.51]

Testof = 6; Q(1) = 1.79, p = 0.18

Overall ‘ -0.33[ -0.55, -0.11]

Heterogeneity: ° = 0.42, I’ = 98.76%, H” = 80.29

Test of 8, = 6 Q(38) = 1083.68, p = 0.00

Test of group differences: Qu(8) = 4.34, p = 0.83

Fig. 3. The LOR of anxiety across regions and measures.

Concerning the differences between baseline and the last follow-up,
the results showed a significant decrease in depression (LOR = —0.12;
95 % CI, —0.21, —0.04; Fig. 4 and Table 2). The heterogeneity of the
pooled effect size was high (2 = 92.15 %. Q = 465.51 p < .001). In total,
14 studies were conducted in North America, 18 (two studies had two
different groups of participants and one study had three different groups
of participants) in Europe, four in Asia-Pacific, and four in Latin
America. There were no differences between regions (2 = 0.66, p =

.882; Fig. 5). Regarding the measures, 11 studies used the PHQ-9, 7
studies used the DASS-21, four studies used the PHQ-2, four studies used
the BDI-2, four studies used the HADS-D, two studies used the DSM-5-
based tools, two studies used the SCL-90, and one study used the BSI-
18 (this study had three different groups of participants). Insignificant
group differences between measures were found (* = 8.05, p = .328;
Fig. 5). The meta-regression model was not significant. No indication of
publication bias was observed.
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Effect Size Weight

Study with 95% CI (%)
Amanzio et al. (2021) —a— 0.00[ -0.87, 0.87] 0.77
Batterham et al. (2021) | -0.13[ -0.36, 0.10] 2.79
Bendau et al. (2021) [ | -0.26 [ -0.41, -0.10] 3.10
Bhuiyan et al. (2021) [ ] -0.19[ -0.22, -0.16] 3.44
Brunoni et al. (2021) E 3 -0.40[ -0.76, -0.04] 2.17
Chen et al. (2021) n -0.42[ -0.70, -0.15] 2.55
Cousijn et al. (Cannabis Users; 2021) | | -0.42[ -0.70, -0.15] 2.55
Cousijn et al. (Control; 2021) [ ] 0.19[ -0.07, 0.44] 2.67
Dalkner et al. (Bipolar; 2021) -0.69[ -1.86, 0.47] 0.48
Dalkner et al. (Control; 2021) 0.00[ -3.96, 3.96] 0.05
Daly et al. (2021) [ | 0.34[ 0.24, 0.45] 3.28
Fancourt et al. (2021) [ ] -0.54[ -0.59, -0.48] 3.41
Fenollar-Cortes et al. (2021) —— 0.20[ -0.42, 0.83] 1.23
Gonzalez-Sanguino et al. (2020) [ ] 0.06 [ -0.03, 0.15] 3.33
Groarke et al. (2021) [ | -0.15[ -0.30, -0.01] 3.15
Gulliver et al. (2020) [ | -0.11[ -0.21, -0.02] 3.32
Han et al. (2021) [ ] -0.11[ -0.21, -0.02] 3.32
lob et al. (2020) | | -0.06 [ -0.27, 0.16] 2.85
lovino et al. (2021) [ ] -0.00[ -0.15, 0.14] 3.15
Johansson et al. (2021) [ | -0.00[ -0.15, 0.14] 3.15
Kulbin et al. (2021) - 0.11[ -0.35, 0.58] 1.73
Kyzar et al. (2021) — 0.00[ -1.07, 1.07] 0.56
Lee et al. (2020) | | 0.18[ -0.10, 0.46] 2.55
Lopez Steinmetz et al. (2021) [ ] 0.00[ -0.14, 0.15] 3.15
Lopez-Morales et al. (2021) — 1.32[ 0.64, 2.01] 1.09
Marroquin et al. (2020) o 0.23[ -0.20, 0.66] 1.87
Mergel and Schutzwoh (Acute; 2021) - -0.08[ -0.59, 0.43] 1.59
Mergel and Schutzwoh (Chronic; 2021) - -0.08[ -0.59, 0.43] 1.59
Mergel and Schutzwoh (Control; 2021) - -0.24[ -0.78, 0.29] 1.49
Messiah et al. (2021) -0.94[ -2.04, 0.16] 0.52
Moya et al. (2021) [ | -0.21[ -0.44, 0.02] 2.78
Nistico et al. (2021) —a— -0.11[ -1.02, 0.80] 0.72
O'Connor et al. (2020) [ | -0.13[ -0.25, -0.01] 3.24
Osaghae et al. (2021) : 3 -0.01[ -0.38, 0.35] 2.14
Parker et al. (2021) —a— -0.90[ -1.85, 0.06] 0.67
Ripoll et al. (2021) | ] -0.43[ -0.70, -0.17] 2.60
Ruggieri et al. (2020) —a— 148[ 0.67, 2.29] 0.86
Russell et al. (2021) [ | -0.43[ -0.53, -0.33] 3.31
Shuster et al. (2021) [ ] -0.43[ -0.53, -0.33] 3.31
Somma et al. (2021) [ ] -0.44[ -0.52, -0.35] 3.33
Stevenson and Wakefield (2021) [ ] -0.40[ -0.56, -0.24] 3.09
Vlake et al. (2021) —a— 0.58[ -0.34, 1.49] 0.71
Yocum et al. (2021) [ ] -0.21[ -0.36, -0.07] 3.16
Zheng et al. (2021) [ | -0.04[ -0.16, 0.08] 3.23
Overall 0 -0.12[ -0.21, -0.04]
Heterogeneity: 1° = 0.06, I = 92.15%, H = 12.74
Test of 8 = 8;: Q(43) = 464.51, p = 0.00
Testof 6 = 0: z=-2.80, p = 0.01

4 2 o 2 4

Fig. 4. Changes in depression symptoms from the baseline to the follow-up.

3.2.3. Psychological distress

3.2.3.1. Prevalence estimates. Thirteen studies reported prevalence of
psychological distress (Andersen et al., 2021; Bendau et al., 2021; Casali
et al., 2021; Czeisler et al., 2021a, 2021b; Dalkner et al., 2021; Kimura
et al., 2021; Lopez Steinmetz et al., 2021; Niedzwiedz et al., n.d.; Riehm
et al., 2021; Shevlin et al., 2021b; Vlake et al., 2021; Zhou et al., 2021).
One study used two different measures (the GHQ-12 and the K-10) for
measuring psychological distress (Lopez Steinmetz et al., 2021). Seven
studies reported the prevalence in two waves, two in three waves, there
was one four waves, one five waves, one seven waves, and one ten-wave
study. The pooled prevalence rate was 30.5 % (95 % CI, 25.0 %-36.0 %).
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A high heterogeneity between studies was found (> = 99.86, Q =
11,603.95, p < .0001). Regarding regions, there were 25, 12, 6, and four
waves that reported prevalence of psychological distress in Europe,
North America, Asia-Pacific, and Latin America (a paper with two
different measures), respectively. A higher prevalence of psychological
distress was reported in Latin America (Prevalence = 66.6 %; 95 % CI,
59.6 %-73.6 %) than in North America (Prevalence = 31.2 %; 95 % CI,
29.2 %-33.2 %), Europe (Prevalence = 27.4 %; 95 % CI, 19.5 %-35.3
%), and Asia-Pacific (Prevalence = 18.0 %; 95 % CI, 8.9 %-27.0 %).
Group differences were significant (y? = 104.34, p < .001).

In terms of the measures, the PHQ-4 was used in 17 waves, the GHQ-
12 was used in 9 waves, the ASR was used in 9 waves, the K-10 was used
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Effect Size Weight

Effect Size Weight ~ Study with 95% ClI (%)
Study with 95% CI (%) PHQ-9
North America Batterham et al. (2021) | | -0.13[ -0.36, 0.10] 279
Amanzio et al. (2021) —a— 0.00[ -087, 0.87) 077  Chenetal (02D L 0420070, 018 255
Bhuiyan et al. (2021) ] 019[ 0.22, 016] 344 orecurteraheoy u 04l 089, 04834
Groarke et al. (2021) | ] 0.15[ -0.30, -0.01]  3.15
Daly et al. (2021) [ 0.34[ 024, 045) 328 Gulliver et al. (2020) | 0.41[ -021, 0.02]  3.32
lovino et al. (2021) [ ] -0.00[ -0.15, 0.14] 3.5 lob et al. (2020) [ ] 20.06[ -0.27, 0.16] 285
Kyzar et al. (2021) —— 0.00[ -1.07, 1.07] 0.56 Kyzar etal. (2021) —— 0.00[ -1.07, 1.07] 056
Lee et al. (2020) B 0181 -0.10, 0.46] 255 O'Connor et al. (2020) [ | 0.13[ -0.25, -0.01]  3.24
Marroquin et al. (2020) - 023[ 020, 066 187  COseoneeetal (2020 il 0010 038, 035 214
) Ripol et al. (2021) [ ] 043[ 070, -017)  2.60
Messiah et al. (2021) — -0.94[ -2.04, 0.16] 0.52 Vooum st al, (2021) 021[ 036, 007] 316
Osaghae et al. (2021) &+ -0.01[ -0.38, 0.35] 2.14 Heterogeneity: 1° = 0.02, I° = 82.45%, H’ = 5.70 022 -0.34, -0.11]
Parker et al. (2021) — -0.90( -185, 0.06] 0.67 Test of 8, = 8 Q(10) = 106.99, p = 0.00
Russell et al. (2021) [ 043 -053, 0.33] 3.31
Shuster et al. (2021) [ ] -0.43[ -0.53, -0.33] 3.31 PHQ-2
Yocum et al. (2021) [ | 021[ -036,-007) 3.6 e oz u 026L 041 0108310
Daly et al. (2021) [ | 034[ 024, 045] 328
Zheng et al. (2021) n -0.04[ -0.16, 0.08] 323 Gonzalez-Sanguino et al. (2020) [ ] 0.06[ -0.03, 0.15] 3.33
Heterogeneity: 1° = 0.06, I = 93.73%, H’ = 15.94 ’ 0.11[ -0.27, 0.05] Lo et al. (2020) 0.18[ 010, 0.46] 255
Test of 6= 6;: Q(13) = 165.67, p = 0.00 Heterogeneity: T° = 0.06, I’ = 92.87%, H’ = 14.03 0.08[ -0.17, 0.34]
Test of 6, = 8; Q(3) = 39.74, p = 0.00
Europe
Bendau et al. (2021) | ] -0.26[ -041, -0.10] 3.10 HADS-D
Cousijn et al. (Cannabis Users; 2021) [ ] 042 -0.70, -0.15] 255 Bhuiyan et al. (2021) n 0190 022, -0.16] 344
. Parker et al. (2021) — 0.90[ -1.85, 0.08] 0.67
Cousin et al. (Control; 2021) [ ] 0.19[ 0.07, 0.44] 267
Stevenson and Wakefield (2021) ] 040[ -0.56, -0.24]  3.09
Dalkner et al. (Bipolar; 2021) — -0.69[ -1.86, 0.47] 0.48 Viake et al. (2021) = 058 034, 149 0.71
Dalkner et al. (Control; 2021) 0.00[ -3.96, 3.96] 0.05 Heterogeneity: T° = 0.02, I° = 71.68%, H’ = 3.53 ‘ -0.27[ -0.49, -0.05]
Fancourt et al. (2021) [ ] 054 -0.59, -048] 3.41 Test of 6= 6; Q(3) = 1152, p = 0.01
Fenollar-Cortes et al. (2021) — 0.20[ -0.42, 0.83] 1.23
Gonzalez-Sanguino et al. (2020) n 006[ -0.03, 0.15 333  °°*2
Amanzio et al. (2021) — 0.00[ -0.87, 087] 077
Groarke et al. (2021) [ ] 0.15[ -0.30, -0.01] 3.15
Dalkner et al. (Bipolar; 2021) 069[ -1.86, 0.47] 048
lob etal. (2020) | -0.06[ -0.27, 0.16] 285 Dalkner et al. (Control; 2021) 0.00[ -3.96, 3.96] 0.05
Johansson et al. (2021) | ] -0.00[ -0.15, 0.14] 3.15 Lopez Steinmetz et al. (2021) [ | 0.00[ -0.14, 0.15]  3.15
Kulbin et al. (2021) -+ 0.11[ -0.35, 0.58] 1.73 Lopez-Morales et al. (2021) —— 1.32[ 064, 201] 109
Mergel and Schutzwoh (Acute; 2021) - 0.08[ -059, 0.43) 159 Hotogensiy: =045, =78.08% H' - 456 0211 054, 098]
Testof 6, = 8; Q(4) = 15.23, p = 0.00
Mergel and Schutzwoh (Chronic; 2021) - -0.08 -0.59, 0.43] 1.59 este “ P
Mergel and Schutzwoh (Control; 2021) &+ -0.24[ 0.78, 0.29] 1.49 pASS-21
Nistico et al. (2021) " 0411 -1.02, 080] 072 Brunoni et al. (2021) E 3 040[ 076, -0.04] 217
O'Connor et al. (2020) [ | 0.13[ -0.25, -0.01] 3.24 Fenollar-Cortes et al. (2021) o 020[ 042, 083 123
Ripoll et al. (2021) | | -0.43[ -0.70, -0.17]  2.60 lovino et al. (2021) | 2000[ -0.15, 0.14] 3.5
Ruggieri et al. (2020) = 148[ 067, 229] 086 Johansson et al. (2021) | 0.00[ 0.15, 0.14]  3.15
i . —a— -0. -1.02, 0. A
Somma etal. (2021) B 044[ 052, 035 333 Nistico et al. (2021) 011 -1.02, 0.80] 072
Ruggieri et al. (2020) — 148[ 067, 229] 086
Stevenson and Wakefield (2021) | ] -0.40[ -0.56, -0.24] 3.09 Russel et al. (2021) ] 043 055, 033 331
Viake et al. (2021) —— 0.58[ -0.34, 1.49] 0.71 Heterogeneity: T° = 0.21, I = 95.06%, H’ = 20.22 ‘ 0.02[ -0.36, 0.41]
Heterogeneity: 1= 0.06, I’ = 88.70%, H’ = 8.85 ‘ -0.14[ -0.27, -0.02] Test of 8, = 0 Q(6) = 54.52, p = 0.00
Test of 8 = 0; Q(21) = 222.77, p = 0.00
sCL-90
Asia-Pacific Han et al. (2021) ] 0.11[ -021, 0.02]  3.32
Batterham et al. (2021) ] 0413[ 036, 0.10] 279  Movaetal@02n) 0211 044, 002 278
Heterogeneity: 7° = 0.00, I’ = 0.00%, H’ = 1.00 -0.13[ -0.21, -0.04]
Chen et al. (2021) | ] 042 -0.70, -0.15] 255 Testof 0= 6: Q(1) = 056, p= 0.45
Gulliver et al. (2020) ] 0.41[ 0.21, 0.02] 332
Han et al. (2021) | | 0.41[ 021, -0.02] 3.32 BSI-18
Heterogeneity: 120.00, I = 0.00%, H* = 1.00 -0.13[ -0.19, -0.07] Mergel and Schutzwoh (Acute; 2021) - -0.08[ -0.59, 0.43]  1.59
Test of 6= 0; Q(3) = 4.58, p = 0.21 Mergel and Schutzwoh (Chronic; 2021) - 008[ -0.59, 043] 159
Mergel and Schutzwoh (Control; 2021) 024[ 078, 0.29] 149
Latin America Heterogeneity: T° = 0.00, I = 0.00%, H’ = 1.00 013[ -0.43, 0.17]
Test of 6, = 8 Q(2) = 0.24, p = 0.89
Brunoni et al. (2021) E 3 -0.40[ -0.76, -0.04] 217
Lopez Steinmetz et al. (2021) ] 0.00[ -0.14, 0.15] 3.15 DSM-5
Lopez-Morales et al. (2021) & 1.32[ 0.64, 2.01] 1.09 Cousijn et al. (Cannabis Users; 2021) ] 042 -0.70, -0.15] 255
Moya et al. (2021) [ | -0.21[ -0.44, 0.02] 2.78 Cousijn et al. (Control; 2021) [ | 0.19[ -0.07, 0.44] 267
Heterogeneity: 1° = 0.45, I’ = 95.99%, H’ = 24.94 ‘ 0.13[ -0.56, 0.82] Somma et al. (2021) -0.44[ 052, -0.35]  3.33
Test of 6, = 8; Q(3) = 21.36, p = 0.00 Heterogeneity: T° = 0.11, I’ = 91.24%, H’ = 11.42 -0.23[ -0.63, 0.16]
' ' Test of 6, = 8; Q(2) = 20.71, p = 0.00
Overall ’ -0.12] -0.21, -0.04]
) , ) Overall -0.12[ -0.21, -0.03]
Heterogeneity: 1° = 0.06, I" = 92.15%, H" = 12.74 N . .
Heterogeneity: 1° = 0.06, I = 92.50%, H’ = 13.33
Test of 6 = 8;: Q(43) = 464.51, p = 0.00 Test of 6, = 6;: Q(38) = 429.96, p = 0.00
Test of group differences: Qy(3) = 0.66, p = 0.88 Test of group differences: Qu(7) = 8.05, p = 0.33
L R I r T T T 1
4 2 0 2 4 4 2 0 2 4

Fig. 5. The LOR of depression across regions and measures.
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in two waves, the K-6 was used in two waves, and the SCL-90 was used in
two waves. The type of measures used were unknown in four waves. The
subgroup analysis showed that the prevalence rate significantly differed
across the type of measures (> = 4047.83, p < .0001). The studies that
used the K-10 (Prevalence = 72.6 %; 95 % CI, 71.1 %-74.2 %) and the
GHQ-12 (Prevalence = 46.2 %; 95 % CI, 28.1 %-64.6 %) reported a
higher prevalence in comparison with studies that used other types of
measures. The meta-regression model was insignificant. No indication of
publication bias was found in the model with/without moderators.

3.2.3.2. Mean differences. Five studies reported the means of psycho-
logical distress (Ahmed et al., 2021; Ahrens et al., 2021; Daly and
Robinson, 2021; Iovino et al., 2021; Soldevila-Domenech et al., 2021).
Two studies reported the psychological distress means in three waves,
two studies reported the means in 8 waves (one paper reported psy-
chological distress means using two different measures), and one study
reported the mean in two waves. The pooled psychological distress ef-
fect size across studies was 1.68 with a 95 % CI of 1.15 and 2.20. The
heterogeneity was high (12 = 96.87 %. Q = 991.96 p < .001). Ten waves
were conducted in North America, 11 waves were conducted in Europe,
and three waves were conducted in Asia. Moreover, the PHQ-4 was used
in 16 waves, the GHQ-28 was used in 11 waves, the K-6 was used in
three waves, and there was no information about the measures which
were used in two waves. No group differences between regions were
found (y? = 4.97, p = .083), however, there were significant group
differences regarding measures (y? = 362.77, p < .001). The waves that
used unknown measures had a higher effect size (d = 3.96, 95 % CI,
3.59, 4.33). Meta-regression showed that region (B=1.12,p =.001) and
measures (B = 1.32, p < .001) are associated with the pooled effect size
of psychological distress. The model explained 57.05 % of the variation
in the psychological distress means.

3.3. Longitudinal analysis

There were two waves in January-February, 8 waves in March, 11
waves in April, 7 waves in May, 8 waves in June, four waves in July,
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and five waves in months after July (three in September, one in
November, one in December). The prevalence rate was statistically
different across month of measurement (y> = 105.99, p < .001). A
high prevalence rate was reported in April (Prevalence = 39.5 %; 95
% CI, 26.7 %-52.3 %) and the months after July (Prevalence = 40.9
% (95 % CI, 16.1 %-65.8 %). The prevalence of psychological distress
was 10.0 % (95 % CI, 8.9 %-11.1 %) in January-February, 31.2 %
(95 % CI, 17.1 %-45.3 %) in March, 25.2 % (95 % CI, 19.8 %-30.7
%) in May, 21.5 % (95 % CI, 15.6 %-27.3 %) in June, and 24.4 %
(95 % CI, 19.9 %-28.8 %) in July. Of 24 waves, one was in Januar-
y-February, four were in March, 9 were in April, 6 were in May, three
were in June, and one was months after July (one, October). We did
not include the January-February and months after July group in the
analysis. No group differences regarding months were found (y? =
3.54, p = .315). Results are presented in Fig. 2.

The prevalence of psychological distress slightly increased (but
insignificantly) between baseline and follow-up (LOR = 0.01; 95 % CI,
—0.72, 0.74; Fig. 6 and Table 2). High heterogeneity was observed (I
= 99.88, Q = 2463.87, p < .0001). Nine studies reported the outcome
in Europe, four studies reported it in North America, four studies were
from Asia-Pacific, and one paper was from Latin America. However, as
the paper in Latin America used two different measures for each time
point, this group was included in the analysis. No significant group
differences regarding the region were observed (> = 2.17, p = .538;
Fig. 7). In terms of the measures, four studies used the PHQ-4, three
studies used the GHQ-12, the K-6, the GHQ-28, and two did not
mention the measure used. There was only one study per the
following measures: the K-10, the PHQ-ADS, the Anxious/Depressed
syndrome subscale-ASR, the SCL-90, the MHI-5, and the BSI-18.
Hence, these measures were not included in the subgroup analysis.
Significant group differences concerning the measures were found (y>
= 10.28, p = .036; Fig. 7) where a higher effect size was observed in
the studies used the GHQ-25 (LOR = 2.78). Meta-regression showed
that age at baseline (B = 0.19, p < .001) is associated with the effect
size. There were significant publication biases for both models (with/
without moderators).

Effect Size Weight

Study with 95% CI (%)
Ahmed et al. (2021) [ ] -4.31[ -4.49, -4.14] 5.06
Ahrens et al. (a; 2021) [ ] -0.61[ -0.74, -0.48] 5.07
Ahrens et al. (b; 2021) [ ] -0.28 [ -0.40, -0.15] 5.07
Andersen et al. (2021) [ ] -0.31[ -0.71, 0.09] 5.00
Bendau et al. (2021) [ ] -0.43[ -0.59, -0.27] 5.06
Casali et al. (2021) ] 0.72[ 0.18, 1.26] 4.94
Czeisler et al. (2021a) [ ] 0.09[ 0.01, 0.18] 5.07
Czeisler et al. (2021b) [ ] 0.09[ -0.17, 0.35] 5.04
Dalkner et al. (2021) - 0.00[ -1.13, 1.13] 4.52
Daly and Robinson (2021) [ ] -0.06 [ -0.10, -0.03] 5.07
lovino et al. (2021) [ ] -0.02[ -0.17, 0.12] 5.07
Kimura et al. (2021) [ ] -0.22[ -0.41, -0.02] 5.06
Lopez Steinmetz et al. (a; 2021) [ ] -0.04[ -0.19, 0.12] 5.06
Lopez Steinmetz et al. (b; 2021) [ | -0.12[ -0.26, 0.02] 5.07
Niedzwiedz et al. (2021) [ | -0.05[ -0.10, 0.01] 5.07
Riehm et al. (2021) [ ] -0.10[ -0.17, -0.02] 5.07
Shevlin et al. (2021) [ ] -0.04[ -0.22, 0.14] 5.06
Soldevila-Domenech et al. (2021) E B 6.21[ 5.13, 7.30] 4.56
van der Velden et al. (2021) [ ] -0.14[ -0.26, -0.02] 5.07
Zhou et al. (2021) [ ] 0.40[ 0.02, 0.79] 5.00
Overall L 4 0.01[ -0.72, 0.74]
Heterogeneity: = 2.73, I’ = 99.88%, H’ = 818.06
Test of ©, = 6: Q(19) = 2463.87, p = 0.00
Testof 8=0:z=0.02, p=0.98

5 0 5 10

Fig. 6. Changes in psychological distress symptoms from the baseline to the follow-up.
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Effect Size Weight Effect Size Weight

Study with 95% Cl (%) Study with 95% Cl (%)
North America K-6
Czeisler etal. (2021a) [ | 0.09[ 0.01, 0.18] 5.07 Ahmed et al. (2021) [ | -4.31] -4.49, -4.14] 5.06
Daly and Robinson (2021) ] -0.06 [ -0.10, -0.03] 5.07 Kimura et al. (2021) | ] 0.22[ -0.41,-0.02] 5.06
lovino et al. (2021) | -0.02[ -047, 0121 507 Heterogeneity: 1 = 8.38, I’ = 99.89%, H' = 94040 =i m— 2.26[ -6.28, 1.75]
Riehm et al. (2021) [ | 0100 <047, :0.02] 507 1oqi0 .= 8; (1) = 940.40, p = 0.00
Heterogeneity: ° = 0.01, I = 81.10%, H’ = 5.29 | -0.03[ -0.11, 0.06]
Test of 6, = 6; Q(3) = 14.17, p = 0.00 PHQ-4

Ahrens et al. (b; 2021) [ ] -0.28[ -0.40, -0.15 5.07
Europe

Bendau et al. (2021) [ | 043[ 059, 0.27] 5.06
Ahrens et al. (a; 2021) [ ] -061[ -0.74, -048] 507 :

Daly and Robinson (2021) [ | -0.06 [ -0.10, -0.03] 5.07
Ahrens et al. (b; 2021) [ ] -0.28[ -0.40, -0.15] 5.07

Riehm et al. (2021) [ | 0.10[ -0.17, 0.02] 5.07
Andersen et al. (2021) ] -0.31[ -0.71, 0.09] 5.00 ) ) )

ity: 1 = = 0/ = N N -

Bendau etal, (2021) ™ 043[ 059, 027] 506 Heterogeneity: 1° = 0.02, I = 93.23%, H’ = 14.77 [ 0.20[ -0.37, 0.04]
Casali etal. (2021) "] 072 018, 126] 494  Testof8i=8:Q(3)=27.22,p=0.00
Dalkner et al. (2021) i 0.00[ -1.13, 1.13] 4.52
Niedzwiedz et al. (2021) [ | -0.05[ -0.10, 0.01] 507 GHa-28
Shevin etal (2021 ™ 004[ 022, 044) 505 Ahrensetal (a;2021) [ | 0.61[ -0.74, 048] 507
Soldevila-Domenech et al. (2021) W 621[ 513, 7.30] 456  Soldevila-Domenech etal. (2021) B 621 513 730 456
van der Velden et al. (2021) [ 044 -026, -0.02] 507  Heterogenetty 7=2313,1=9933%, H' = 14895 ~ oo IOs—— 2.78[ -3.91, 9.47]
Heterogeneity: 1° = 3.67, I = 99.84%, H’ = 615.31 <& 047 -0.73, 1.67] Test of 6, = 6;: Q(1) = 148.95, p = 0.00
Test of 6, = 6; Q(9) = 221.03, p = 0.00

GHQ-12
Asia-Pacific Casali et al. (2021) ] 0.72[ 0.18, 1.26] 4.94
Ahmed et al. (2021) [ | -4.31[ -4.49, -4.14] 5.06 Lopez Steinmetz et al. (b; 2021) [ | -0.12[ -0.26, 0.02] 5.07
Czeisler etal. (2021b) [ | 0.09[ -0.17, 0.35] 5.04 Niedzwiedz et al. (2021) [ | -0.05[ -0.10, 0.01] 5.07
Kimura et al. (2021) | -0.22[ -041,-0.02] 506  Heterogeneity: 1= 0.13, I’ = 95.83%, H’ = 23.99 ¢ 0.11[ -0.33, 0.55]
Zhou et al. (2021) [ | 040[ 0.02, 0.79] 5.00 Test of 6, = 6; Q(2) = 8.76, p = 0.01
Heterogeneity: ° = 4.91, I = 99.71%, H’ = 347.65 s = -1.01] -3.19, 1.16]
Test of 6= 6; Q(3) = 1370.22, p = 0.00 Not mentioned

Czeisler et al. (2021a) [ | 0.09[ 001, 0.18] 5.07
Latin America Czeisler et al. (2021b) ] 0.09[ -0.17, 035] 504
Lopez Steinmetz et al. (a; 2021) ] -0.04[ -0.19, 0.12] 5.06

lovino et al. (2021) [ ] 20.02[ -0.17, 0.12] 5.07
Lopez Steinmetz et al. (b; 2021) [ ] -0.12[ -0.26, 0.02] 507 o, , X

o, ) ) Heterogeneity: 7= 0.00, I = 18.40%, H" = 1.23 ’ 0.06[ -0.02, 0.15]

Heterogeneity: 1= 0.00, I = 0.00%, H" = 1.00 ‘ -0.08[ -0.19, 0.02]

Test of 6;=6;: Q(2) = 1.94,p=0.38
Testof 6,= 6;: Q(1) = 0.62, p=0.43
Overall ¢ 0011 072, 074] Overall <o 0.03[ -1.03, 1.10]
Heterogeneity: 1" = 2.73, = 99.88%, H’ = 818.06 Heterogeneity: = 4.12,1" = 99.94%, H' = 1569.58
Test of 8, = 8; Q(19) = 2463.87, p = 0.00 Test of 6; = 6;: Q(13) = 2450.87, p = 0.00
Test of group differences: Q,(3) = 2.17, p = 0.54 Test of group differences: Qy(4) = 10.28, p = 0.04

L |
5 0 5 10 5 0 5 10

Fig. 7. The LOR of psychological distress across regions and measures.

3.3.1. PTSD

In total 8 studies were on PTSD, of which 6 reported PTSD prevalence
estimates (Baumann et al., 2021; Czeisler et al., 2021a, 2021b; Kulbin
et al., 2021; Kyzar et al., 2021; Shevlin et al., 2021a; Vlake et al., 2021)
and two studies reported means (SD) of the PTSD symptoms (Chew
et al., 2020; Gonzalez-Sanguino et al., 2021). As there were not at least
three studies that reported PTSD means, we did not conduct separate
analysis on mean differences. However, we included these two studies in
the longitudinal meta-analysis to compare the LORs after converting
Cohen’s d. Two studies reported means of PTSD in three and two waves,
respectively(Chew et al., 2020; Gonzalez-Sanguino et al., 2021). Three
studies reported the prevalence in three waves and three studies re-
ported it in two waves. The pooled prevalence across all-time points and
studies was 17.5 % with a 95 % confidence interval of 14.1 % and 20.9
%. Significant heterogeneity between studies was found (Q = 404.57, p
< .0001), indicating a severe difference between the prevalence rate of
PTSD. A total variation of 95.75 was observed among the studies. Six
waves were reported in North America and 9 waves were reported in
Europe. Studies in North America (Prevalence = 23.3 %; 95 % CI, 18.5
%-28.0 %) reported a higher prevalence of PTSD in comparison with
studies in Europe (Prevalence = 14.4 %; 95 % CI, 12.2 %-16.6 %). The
differences were statistically significant (32 = 10.90, p = .001). In terms
of the measure type, the IES-R and the ITQ tools were used in three

waves. The PCL-C was used in five waves and the PC-PTSD-5 and the
COVID-19 TSRD were used in two waves. There was a significant dif-
ference between the type of measures (2 = 70.82, p < .001). The studies
that used the COVID-19 TSRD (Prevalence = 27.9 %; 95 % CI, 24.7 %-—
31.2 %) reported a higher prevalence than those using the PC-PTSD-5
(Prevalence = 22.2 %; 95 % CI, 17.2 %-27.3 %), the PCL-C (Preva-
lence = 16.5 %; 95 % CI, 13.8 %-19.3 %), the ITQ (Prevalence = 15.8 %;
95 % CI, 14.4 %-17.1 %), and the IES-R (Prevalence = 8.5 %; 95 % CI,
4.9 %-12.2 %), The multiple meta-regression showed that the region is
negatively associated with the PTSD prevalence (B = —0.10, p < .001).
The model explained 53.02 % of the variation in the PTSD prevalence
estimate. No indication of publication bias was found for the model
without moderators while the model with moderators had a significant
publication bias.

3.3.1.1. Longitudinal analysis. There was only one time point that was
reported in March and none in January-February. Four waves reported
the prevalence in April and months after July (one in September, one in
October, one in November, and one in February 2021). There were two-
time points that reported PTSD prevalence in May, June, and July.
Subgroup analysis showed that the prevalence rates of PTSD did not
differ across months (3> = 4.38, p = .357). Results are presented in
Fig. 2.
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The second approach of the analysis showed that the PTSD preva-
lence decreased (insignificantly) between baseline and follow-up (LOR
= —0.00; Fig. 8 and Table 2). Considerable heterogeneity was observed
(I2 = 79.15 %. Q = 44.33 p < .0001). Two studies used the IES-R and
three studies used the PCL-C. Only one study used other measures.
Therefore, we conducted a subgroup analysis on the difference between
the IES-R and the PCL-C. No group differences between these two
measures were found (2 = 0.00, p = .952; Fig. 9). Four studies were
conducted in Europe and three studies were conducted in North Amer-
ica. As there was only one study conducted in Asia, this region was not
included in the subgroup analysis. The PTSD effect size was higher in
North America than in Europe (2 = 40.75, p < .001; Fig. 9). The meta-
regression analysis showed that the region (B = —0.34, p < .001) is
significantly associated with the PTSD effect size. No indication of
publication bias was found in the model with moderators or without
moderators.

3.3.2. Substance use

In total, five studies reported substance use, with four studies
(Czeisler et al., 2021b; Kulbin et al., 2021; Osaghae et al., 2021; Ripoll
et al., 2021) reporting substance use prevalence estimates. There was
one study (Cousijn et al., 2020) (two waves) that reported mean (SD) of
substance use, which was included in the longitudinal analysis on the
LORs. Three studies reported the substance use prevalence in two waves
and one study reported it in three waves. Pooled prevalence of substance
use was 24.0 % (95 % CI, 17.8 %-30.1 %). A large heterogeneity was
observed among studies (> =98.44%,Q = 163.37,p < .0001). In terms
of the measures, five time points used the AUDIT-C, two time points that
used the psychotropic drugs consumption and two time points did not
mention what measures were used. There was a significant difference
regarding measures (> = 63.96, p < .0001), where a higher prevalence
was reported in studies that used the AUDIT-C (Prevalence = 31.8 %; 95
% CI, 27.8 %-35.7 %) in comparison with the studies that used the
psychotropic drugs consumption (Prevalence = 15.9 %; 95 % CI, 13.6
%-18.2 %) and unknown measure (Prevalence = 14.2 %; 95 % CI, 12.4
%-15.9 %). There were four time points in North America and five time
points in Europe where the prevalence rates were not statistically sig-
nificant across these two regions (3> = 0.02, p = .90). The meta-
regression model was insignificant. The Eager’s test showed a signifi-
cant publication bias.

3.3.2.1. Longitudinal analysis. Concerning the months, two time points
were reported in April, June, and months after July. There was only one
time point for March, May, and July. April and March were grouped as
April-March, May and June were grouped as May-June, and July and
months after July were grouped as July and after. No significant group
differences were observed (y? = 0.67, p = .714). Considering the second
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approach, prevalence of substance use decreased between baseline and
follow-up (LOR = —0.06; Fig. 10 and Table 2). No statistical heteroge-
neity was found between studies I =70.74 %, Q = 16.12, p = .003).
There were not enough studies per measure, hence, we did not conduct
subgroup analyses on measure differences of the effect sizes. Three
studies were conducted in Europe and two studies were conducted in
North America. The effect size was found to differ by region (y = 4.53,
p =.033; Fig. 11) where a higher LOR was observed in studies conducted
in North America (LOR = 0.14) in comparison with Europe (LOR =
—0.20). The moderators of interest were not statistically associated with
the substance use effect sizes. No publication of bias was observed.

3.3.3. Insomnia

Six studies reported insomnia (prevalence estimate = 5, means = 1)
(Czeisler et al., 2021b; Kulbin et al., 2021; Kyzar et al., 2021; Pizzonia
etal., 2021; Yocum et al., 2021; Zhou et al., 2021). Four studies reported
the prevalence in two waves and two studies reported it in three waves.
The study that reported insomnia means was only included in the longi-
tudinal analysis. Studies reported a pooled prevalence of 22.2 % (95 % CI,
16.0 %-28.4 %) with an indication of high heterogeneity across studies
P= 99.56, Q = 958.74, p < .0001). Moreover, there were three and five
waves that used EST-Q2 and PSQ], respectively. A study used ISS in two
waves and one study did not mention the measure tool. As well, there
were two, three, and 7 waves in Asia, Europe, and North America. A
higher prevalence was reported in Europe (Prevalence = 30.8 %; 95 % CI,
27.1 %-34.4 %) than in Asia (Prevalence = 21.7 %; 95 % CI, 9.6 %-33.8
%) and North America (Prevalence = 18.8 %; 95 % CI, 9.7 %-27.8 %).
Studies that used the EST-Q2 reported a higher prevalence rate (Preva-
lence = 30.8 %; 95 % CI, 27.1 %-34.4 %) than studies that used the ISS
(Prevalence = 28.5 %; 95 % CI, 19.9 %-37.2 %), the PSQI (Prevalence =
23.2%; 95 % CI, 18.6 %-27.9 %), and other (Prevalence = 2.8 %; 95 % ClI,
0.01 %-6.3 %). Both regions (y> = 7.12, p = .028) and measure (y> =
128.02, p < .001) group differences were significant. The moderators of
interest were not statistically associated with the insomnia prevalence
estimates. A significant publication bias was found.

3.3.3.1. Longitudinal analysis. There was only one wave in February and
March which was regrouped. There were two waves in May and June.
There were three waves in April and in the months after July. The group
differences were not significant (y2 = 2.44, p = .655). The second
approach of the analysis showed an insignificant increase in the preva-
lence of insomnia (LOR = 0.43; Fig. 12 and Table 2). A considerable
heterogeneity was found (P = 96.17 %, Q = 139.48, p < .001). No
subgroup analyses in either region or measures were conducted as there
were not enough studies per group. The moderators of interest were not
statistically associated with the effect sizes of insomnia. No publication
of bias was observed.

Effect Size Weight

Study with 95% Cl (%)
Baumann et al. (2021) —— 0.30[ -0.07, 0.67] 11.08
Chew et al. (2021) E 3 -0.06 [ -0.24, 0.12] 18.16
Czeisler et al. (2021a) [ | 0.17[ 0.08, 0.25] 21.37
Gonzalez-Sanguino et al. (2021) [ | -0.24 [ -0.35, -0.14] 20.87
Kulbin et al. (2021) —a— 0.07[ -0.44, 0.58] 7.48
Kyzar et al. (2021) 0.72[ -0.36, 1.80] 2.26
Shevlin et al. (2021) . B -0.18[ -0.38, 0.02] 17.21
Vlake et al. (2021) 0.07[ -1.24, 1.38] 1.58
Overall L 2 -0.00[ -0.17, 0.17]
Heterogeneity: 7° = 0.03, I* = 79.15%, H’ = 4.80
Test of 6, = 8;: Q(7) = 44.33, p = 0.00
Testof 6 =0:z=-0.02, p=0.98

¥ 0 1 2

Fig. 8. Changes in PTSD symptoms from the baseline to the follow-up.
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Effect Size Weight
Study with 95% CI (%)
North America
Baumann et al. (2021) —— 0.30[ -0.07, 0.67] 11.08
Czeisler et al. (2021a) [ | 0.17[ 0.08, 0.25] 21.37
Kyzar et al. (2021) 0.72[ -0.36, 1.80] 2.26
Heterogeneity: 1° = 0.00, I = 0.00%, H* = 1.00 ¢ 0.18[ 0.09, 0.26]
Testof 6, =6;: Q(2) =1.47,p=0.48
Europe
Gonzalez-Sanguino et al. (2021) [ ] -0.24[ -0.35, -0.14] 20.87
Kulbin et al. (2021) —a— 0.07[ -0.44, 0.58] 7.48
Shevlin et al. (2021) E B -0.18[ -0.38, 0.02] 17.21
Viake et al. (2021) 0.07[ -1.24, 1.38] 1.58
Heterogeneity: 7° = 0.00, I* = 0.00%, H’ = 1.00 * -0.22[ -0.31, -0.13]
Testof 6, = 6; Q(3) = 1.75, p = 0.63
Overall L 2 0.02[ -0.19, 0.23]
Heterogeneity: 7° = 0.05, I* = 82.70%, H* = 5.78
Test of 6 = 6;: Q(6) = 43.97, p = 0.00
Test of group differences: Q,(1) = 40.75, p = 0.00
NE S

Effect Size Weight
Study with 95% CI (%)
IES-R
Chew et al. (2021) E 3 -0.06[ -0.24, 0.12] 18.16
Viake et al. (2021) 0.07[ -1.24, 1.38] 1.58
Heterogeneity: 1° = 0.00, I = 0.00%, H* = 1.00 <& -0.06[ -0.24, 0.12]
Test of 6, = 6;: Q(1) = 0.04, p = 0.84
PCL-C
Gonzalez-Sanguino et al. (2021) [ ] -0.24[ -0.35, -0.14] 20.87
Kulbin et al. (2021) . e 0.07[ -0.44, 0.58] 7.48
Kyzar et al. (2021) 0.72[ -0.36, 1.80] 2.26
Heterogeneity: 1° = 0.06, I’ = 52.41%, H* = 2.10 - -0.05[ -0.44, 0.34]
Testof 6,=6;: Q(2) =4.33,p=0.11
Overall 2 -0.11[ -0.29, 0.06]
Heterogeneity: 1° = 0.01, I’ = 43.65%, H* = 1.77
Test of 6, = 6;: Q(4) = 6.87, p = 0.14
Test of group differences: Qu(1) = 0.00, p = 0.95

K 0 1 2
Fig. 9. The LOR of PTSD across regions and measures.
Effect Size Weight

Study with 95% ClI (%)
Cousijn et al. (2021) —— -0.36[ -0.62, -0.11] 22.34
Czeisler et al. (2021a) . B 0.15[ 0.04, 0.26] 28.85
Kulbin et al. (2021) —— -0.32[ -0.76, 0.12] 14.43
Osaghae et al. (2021) —®—— 003[ -0.36, 0.41] 16.55
Ripoll et al. (2021) —@—— 0.10[ -0.25, 0.45] 17.83
Overall i -0.06 [ -0.29, 0.16]

Heterogeneity: 7° = 0.04, I = 70.74%, H’ = 3.42
Test of 6 = B Q(4) = 16.12, p = 0.00
Testof 8 =0:z=-0.55, p = 0.58

-1 -5 0 5

Fig. 10. Changes in substance use symptoms from the baseline to the follow-up.

3.3.4. Loneliness Wakefield, 2021; van Breen et al., 2021). One study reported the mean

of loneliness in 23 countries(van Breen et al., 2021). Five studies re-
3.3.4.1. Mean differences. In total, 8 studies reported loneliness means ported the means in two waves, one paper reported it in three waves,
(Ahrens et al., n.d.; Fanari and Segrin, 2021; Groarke et al., 2021; Lee one study reported the means in 8 waves, and one paper reported it in
et al., 2020; Rumas et al., 2021; Saidur et al., 2021; Stevenson and four waves (the paper with a report in 23 countries; each country was
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Effect Size Weight
Study with 95% ClI (%)
North America
Czeisler et al. (2021a) - 0.15[ 0.04, 0.26] 28.85
Osaghae et al. (2021) —MB—— 0.03[ -0.36, 0.41] 16.55
Heterogeneity: 1° = 0.00, I’ = 0.00%, H” = 1.00 > 0.14[ 0.03, 0.24]
Test of 8 = 6: Q(1) = 0.36, p = 0.55
Europe
Cousijn et al. (2021) —— -0.36[ -0.62, -0.11] 22.34
Kulbin et al. (2021) —a— -0.32[ -0.76, 0.12] 14.43
Ripoll et al. (2021) —M@—— 0.10[ -0.25, 0.45] 17.83
Heterogeneity: 1° = 0.04, I’ = 55.90%, H’ = 2.27 i -0.20[ -0.50, 0.09]
Test of 8, = 6;: Q(2) = 4.58, p = 0.10
Overall > -0.06[ -0.29, 0.16]
Heterogeneity: 7° = 0.04, I = 70.74%, H’ = 3.42
Test of 8 = 6 Q(4) = 16.12, p = 0.00
Test of group differences: Q,(1) = 4.53, p = 0.03

ST
Fig. 11. The LOR of substance use across regions.

Effect Size Weight
Study with 95% CI (%)
Czeisler et al. (2021a) —l— 156[ 1.26, 1.86] 17.49
Kulbin et al. (2021) —— 0.23[ -0.19, 0.65] 16.66
Kyzar et al. (2021) —— 0.38[ -0.48, 1.23] 12.86
Pizzonia et al. (2021) [ | -0.03[ -0.04, -0.02] 18.39
Yocum et al (2021) —— -0.33[ -0.67, 0.01] 17.22
Zhou et al. (2021) —— 0.74[ 0.42, 1.06] 17.37
Overall i 0.43[ -0.13, 0.98]
Heterogeneity: 1° = 0.44, I = 96.17%, H’ = 26.11
Test of 6 = 6;: Q(5) = 139.48, p = 0.00
Testof 6=0:z=1.49,p=0.14
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Fig. 12. Changes in insomnia symptoms from the baseline to the follow-up.

included in the analysis, separately). The pooled loneliness effect size
across studies was 2.15 with a 95 % CI of 1.83 and 2.48. The hetero-
geneity was high (I = 99.12 %. Q = 12,655.54 p < .001). Fourteen
waves were conducted in North America, 69 waves were conducted in
Europe, 22 waves were conducted in Asia-Pacific, and four waves were
in Latin America and four waves were in Africa. Moreover, the self-
report scale was used in 92 waves (four waves in 23 countries), the
UCLA Loneliness Scale was used in 9 waves, the LON was used in 8
waves, and the three-item Loneliness Scale and the Short Loneliness
Scale were used in two waves. There were significant differences be-
tween regions (y? = 15.46, p = .004). A higher effect size was observed
in the waves conducted in North America (d = 3.25, 95 % CI, 1.24, 5.26)
than the waves conducted in Europe (d = 2.17, 95 % CI, 1.84, 2.50),
Africa (d = 1.67, 95 % CI, 1.50, 1.83), Asia-Pacific (d = 1.61, 95 % CI,
1.45, 1.77), and Latin America (d = 1.51, 95 % CI, 1.34, 1.67). More-
over, significant group differences between measures were found (y2 =
4516.38, p < .0001). A higher effect size was observed in the waves that
used the LON (d = 5.73, 95 % CI, 5.61, 5.84) in comparison with the
UCLA (d = 4.47, 95 % ClI, 1.45, 7.48), the Short Loneliness Scale (d =
2.48, 95 % CI, 2.25, 2.71), the Three-item Loneliness Scale (d = 1.65, 95
% CI, 1.42, 1.88), and the self-report scale (d = 1.62, 95 % CI, 1.59,
1.65). Meta-regression showed that region (B = —9.66, p < .001),
measures (B = —1.53, p =.001), and age at baseline (B =0.67,p =.001)
are associated with the pooled effect size of loneliness. The model
explained 36.55 % of the variation in the loneliness effect size.
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3.3.4.2. Longitudinal analysis. Two waves were conducted in Januar-
y-February, four were in March, 8 were in April, 6 were in May, and
three were months after July (two in September and one in February
2021). The subgroup analyses showed that the effect size of loneliness
was 1.02 (95 % CI, —0.03, 2.07) in January-February, 1.84 (95 % CI,
1.49, 2.19) in March, 2.01 (95 % CI, 1.67, 2.36) in April, 5.96 (95 %
CIL, 3.22, 8.70) in May, and 1.58 (95 % CI, 0.45, 2.71) in following
months. The group differences regarding the month were significant
(#? = 12.00, p = .017). The means of loneliness slightly decreased
(but insignificantly) between the baseline and follow-up (LOR = 0.04;
95 % CI, —0.00, 0.09; Fig. 13). A moderate heterogeneity was
observed (P> = 44.83, Q = 50.28, p = .008). Fifteen studies reported
the outcome in Europe, 7 in Asia-Pacific, and five in North America.
One study was from Latin America, and one was conducted in Africa.
No significant group differences regarding the region were observed
(4% = 2.61, p = .271; Fig. 14). In terms of the measures, four studies
used the UCLA, and 23 studies used the self-report scale (one paper
with a report in 23 countries). There was only one study per the
following measures; the Three-item Loneliness Scale, the Short Lone-
liness Scale, and the LON. No group differences concerning the mea-
sures were found (% = 1.15, p = .283; Fig. 14). The moderators were
not significant in the meta-regression model. There was a significant
publication bias in the model without moderators, while it was not
significant in the model with moderators.
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Effect Size Weight

Study with 95% ClI (%)
Ahrens et al. (2021) - 0.12[ -0.01, 0.24] 5.64
Fanari and Segrin (2021) —a— -0.32[ -0.58, -0.06] 2.22
Groarke et al. (2021) [ | -0.04[ -0.11, 0.02] 8.68
Khan and Kadoya (2021) [ | 0.09[ 0.05, 0.13] 9.87
Lee et al. (2020) - 0.14[ 0.03, 0.26] 6.05
Rumas et al. (2021) - 0.01[ -0.11, 0.13] 5.88
Stevenson and Wakefield (2021) - 0.03[ -0.11, 0.16] 5.18
van Breen et al. (Argentina; 2021) —_— 0.06 [ -0.39, 0.50] 0.86
van Breen et al. (Australia; 2021) 0.13[ -0.48, 0.74] 0.48
van Breen et al. (Canada; 2021) —— 0.06 [ -0.21, 0.33] 2.07
van Breen et al. (Croatia; 2021) —a— -0.23[ -0.50, 0.04] 2.06
van Breen et al. (France; 2021) —a— 0.08[ -0.15, 0.31] 2.70
van Breen et al. (Germany; 2021) —a— 0.03[ -0.23, 0.29] 2.21
van Breen et al. (Greece; 2021) —— 0.01[ -0.15, 0.17] 4.24
van Breen et al. (Hungary; 2021) —a— -0.07[ -0.29, 0.16] 2.70
van Breen et al. (Indonesia; 2021) —— 0.14[ -0.19, 0.47] 1.46
van Breen et al. (ltaly; 2021) —— 0.21[ -0.07, 0.48] 2.01
van Breen et al. (Kazakhstan; 2021) — 0.12[ -0.25, 0.48] 1.24
van Breen et al. (Republic of Serbia; 2021) —— 0.05[ -0.13, 0.23] 3.78
van Breen et al. (Romania; 2021) —— -0.10[ -0.43, 0.22] 1.53
van Breen et al. (Russia; 2021) —_— -0.38[ -0.88, 0.11] 0.71
van Breen et al. (Singapore; 2021) —_— -0.14[ -0.58, 0.31] 0.86
van Breen et al. (South Africa; 2021) 0.23[ -0.33, 0.79] 0.57
van Breen et al. (Spain; 2021) s 3 0.17[ 0.06, 0.28] 6.35
van Breen et al. (The Netherlands; 2021) —— 0.24[ 0.08, 0.39] 4.53
van Breen et al. (The Philippines; 2021) -0.11[ -0.47, 0.26] 1.24
van Breen et al. (The UK; 2021) —i— 0.07[ -0.12, 0.26] 3.39
van Breen et al. (The USA; 2021) | ] -0.02[ -0.09, 0.05] 8.55
van Breen et al. (Turkey; 2021) 0.14[ -0.18, 0.45] 1.62
van Breen et al. (Ukraine; 2021) 0.02[ -0.33, 0.37] 1.33
Overall Q 0.04 [ -0.00, 0.09]
Heterogeneity: 1 = 0.00, I’ = 44.83%, H’ = 1.81
Test of 6, = B;: Q(29) = 50.28, p = 0.01
Testof 6 =0:z=1.96, p =0.05
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Fig. 13. Changes in loneliness from the baseline to the follow-up.

3.3.5. Suicidal ideation

3.3.5.1. Longitudinal analysis. There were two studies that reported the
suicidal ideation prevalence (Czeisler et al., 2021b; Connor et al., 2020)
and two studies that reported suicidal ideation means (Ng et al., 2020;
Sueki and Ueda, 2021). Accordingly, no meta-analysis on either preva-
lence differences or mean differences was conducted. We only per-
formed longitudinal meta-analysis on the differences between baseline
and the last follow-up using LOR. The values of the Cohen’s d of the
studies with means were converted to LOR. The suicidal ideation
increased (but insignificantly) between baseline and follow-up (LOR =
0.05; 95 % CI, —0.08, 0.17; Fig. 15 and Table 2). A considerable het-
erogeneity was observed (*=81.33,Q= 19.81, p =.0002). There were
not enough studies per region groups (North America = 1, Europe = 2,
and Asia = 1) as well as the measures. Also, the observations regarding
female’s proportion and age means at baseline were not enough to
include them in the meta-regression analysis. A meta-regression analysis
was performed on the relationship between the suicidal ideation effect
size and time interval between the baseline and the last follow-up which
was insignificant. A significant indication of publication bias was
observed.

4. Discussion

This systematic review aimed to examine the global evolution of
mental health problems (depression, anxiety, PTSD, psychological
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distress, insomnia, loneliness, and suicidal ideations) during the COVID-
19 pandemic. For all disorders considered, the results showed a spike in
mental health problems during the first wave of the COVID-19
pandemic, particularly in April and May 2020, depending on the dis-
order considered. This period coincides with the first measures of social
isolation, confinement, travel restrictions, university, and school clo-
sures, and the closure of “non-essential” but important services to people
(Chu et al., 2020; Haug et al., 2020). This period also corresponds to the
time when the pandemic, especially in May, caused the most deaths in
Europe and North America where a majority of the included studies
were conducted. The number of cases, the overcrowding of hospitals, the
number of deaths, the constant presence of the pandemic situation in the
media with daily press briefings by different levels of government
(mayors, governors, health ministers, prime ministers), the martial tone
of the heads of state, the fear of being infected, and of infecting loved
ones are the primary reasons that could explain the spike in mental
health problems (for depression, anxiety, psychological distress and
loneliness) in May 2020 (Cénat et al., 2020b). Moreover, another spike
in psychological distress experienced after July 2020 in North America
coincides with the months of October and December, when COVID-19
has caused many deaths in the United States (John Hopkins Univer-
sity, 2021). Finally, the month of May 2020 also coincides with the
uncertainty of the populations, the massive job loss, with social and
economic measures that did not always reassure the populations, espe-
cially in the United States(Parolin et al., 2020; Raifman et al., 2021; van
Dorn et al., 2020). These different reasons may explain the spike
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Effect Size Weight

Study with 95% Cl (%)
North America
Fanari and Segrin (2021) —a— -0.32[ -0.58, -0.06] 2.22
Lee et al. (2020) R 5 0.14[ 0.03, 0.26] 6.05
Rumas et al. (2021) &+ 0.01[ -0.11, 0.13] 5.88
van Breen et al. (Canada; 2021) —— 0.06 [ -0.21, 0.33] 2.07
van Breen et al. (The USA; 2021) | | -0.02[ -0.09, 0.05] 855
Heterogeneity: 1° = 0.01, I* = 73.47%, H* = 3.77 Q 20.00[ -0.12, 0.12]
Test of 6 = 6;: Q(4) = 12.09, p = 0.02
Europe
Ahrens et al. (2021) - 0.12[ -0.01, 0.24] 5.64
Groarke et al. (2021) ] 20.04[ -0.11, 0.02] 8.68
Stevenson and Wakefield (2021) - 0.03[ -0.11, 0.16] 5.18
van Breen et al. (Croatia; 2021) —a— -0.23[ -0.50, 0.04] 2.06
van Breen et al. (France; 2021) —a— 0.08[ -0.15, 0.31] 270
van Breen et al. (Germany; 2021) —— 0.03[ -0.23, 0.29] 221
van Breen et al. (Greece; 2021) — 0.01[ -0.15, 0.17] 4.24
van Breen et al. (Hungary; 2021) —a— -0.07[ -0.29, 0.16] 2.70
van Breen et al. (Italy; 2021) — 0.21[ -0.07, 0.48] 2.01
van Breen et al. (Republic of Serbia; 2021) —— 0.05[ -0.13, 0.23] 3.78
van Breen et al. (Romania; 2021) — -0.10[ -0.43, 0.22] 1.53
van Breen et al. (Russia; 2021) -0.38[ -0.88, 0.11] 0.71
van Breen et al. (Spain; 2021) R 3 0.17[ 0.06, 0.28] 6.35
van Breen et al. (The Netherlands; 2021) — 0.24[ 0.08, 0.39] 4.53
van Breen et al. (The UK; 2021) —— 0.07[ -0.12, 0.26] 3.39
van Breen et al. (Ukraine; 2021) — 0.02[ -0.33, 0.37] 1.33
Heterogeneity: 1 = 0.01, I* = 44.67%, H’ = 1.81 Q 0.05[ -0.01, 0.11]
Test of 6 = 6;: Q(15) = 29.45, p = 0.01
Asia-Pacific
Khan and Kadoya (2021) ] 0.09[ 0.05, 0.13] 9.87
van Breen et al. (Australia; 2021) 0.13[ -0.48, 0.74] 0.48
van Breen et al. (Indonesia; 2021) —— 0.14[ -0.19, 0.47] 1.46
van Breen et al. (Kazakhstan; 2021) — 0.12[ -0.25, 0.48] 1.24
van Breen et al. (Singapore; 2021) e -0.14[ -0.58, 0.31] 0.86
van Breen et al. (The Philippines; 2021) — -0.11[ -0.47, 0.26] 1.24
van Breen et al. (Turkey; 2021) —— 0.14[ -0.18, 0.45] 1.62
Heterogeneity: 1° = 0.00, I = 0.00%, H’ = 1.00 (] 0.09[ 0.05, 0.13]
Test of 6 = 6;: Q(6) = 2.33, p = 0.89
Overall ’ 0.04[ -0.00, 0.09]
Heterogeneity: 1° = 0.00, I* = 47.28%, H’ = 1.90
Test of 6, = 6 Q(27) = 49.87, p = 0.00
Test of group differences: Qx(2) = 2.61, p = 0.27
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Effect Size Weight
Study with 95% ClI (%)
UCLA
Fanari and Segrin (2021) —a— -0.32[ -0.58, -0.06] 2.22
Groarke et al. (2021) [ ] 0.04[ -0.11, 0.02] 868
Khan and Kadoya (2021) [ | 0.09[ 0.05, 0.13] 9.87
Rumas et al. (2021) - 0.01[ -0.11, 0.13] 588
Heterogeneity: 1° = 0.01, I = 87.84%, H’ = 8.22 ¢ 20.03[ -0.15, 0.10]
Test of 6, = 6;: Q(3) = 18.66, p = 0.00
Self-report scale
van Breen et al. (Argentina; 2021) —_— 0.06 [ -0.39, 0.50] 0.86
van Breen et al. (Australia; 2021) —_— 0.13[ -0.48, 0.74] 0.48
van Breen et al. (Canada; 2021) —— 0.06 [ -0.21, 0.33] 2.07
van Breen et al. (Croatia; 2021) —— -0.23[ -0.50, 0.04] 2.06
van Breen et al. (France; 2021) —— 0.08[ -0.15, 0.31] 2.70
van Breen et al. (Germany; 2021) —a— 0.03[ -0.23, 0.29] 2.21
van Breen et al. (Greece; 2021) —— 0.01[ -0.15, 0.17] 4.24
van Breen et al. (Hungary; 2021) —a— -0.07[ -0.29, 0.16] 2.70
van Breen et al. (Indonesia; 2021) — 0.14[ -0.19, 0.47] 1.46
van Breen et al. (ltaly; 2021) —— 0.21[ -0.07, 0.48] 2.01
van Breen et al. (Kazakhstan; 2021) — 0.12[ -0.25, 0.48] 1.24
van Breen et al. (Republic of Serbia; 2021) —— 0.05[ -0.13, 0.23] 3.78
van Breen et al. (Romania; 2021) — -0.10[ -0.43, 0.22] 1.53
van Breen et al. (Russia; 2021) —_— -0.38[ -0.88, 0.11] 0.71
van Breen et al. (Singapore; 2021) —_— -0.14[ -0.58, 0.31] 0.86
van Breen et al. (South Africa; 2021) 0.23[ -0.33, 0.79] 0.57
van Breen et al. (Spain; 2021) E 3 0.17[ 0.06, 0.28] 6.35
van Breen et al. (The Netherlands; 2021) — 0.24[ 0.08, 0.39] 4.53
van Breen et al. (The Philippines; 2021) -0.11[ -0.47, 0.26] 1.24
van Breen et al. (The UK; 2021) —— 0.07[ -0.12, 0.26] 3.39
van Breen et al. (The USA; 2021) [ ] 20.02[ -0.09, 0.05] 855
van Breen et al. (Turkey; 2021) —— 0.14[ -0.18, 0.45] 1.62
van Breen et al. (Ukraine; 2021) —— 0.02[ -0.33, 0.37] 1.33
Heterogeneity: 1° = 0.00, I = 27.93%, H’ = 1.39 ¢ 0.05[ -0.01, 0.11]
Test of 8, = 6; Q(22) = 27.53, p = 0.19
Overall ¢ 0.03[ -0.02, 0.08]

Heterogeneity: 1° = 0.01, I = 47.08%, H’ = 1.89
Test of ;= 6 Q(26) = 46.20, p = 0.01

Test of group differences: Qy(1) = 1.15, p=0.28

Fig. 14. The LOR of loneliness across regions and measures.

Effect Size Weight

Study with 95% ClI (%)
Czeisler et al. (2021a) —— 0.12[ 0.00, 0.24] 25.17
0O'Connor et al. (2020) — B— 020[ 0.01, 0.38] 19.30
Stevenson and Wakefield (2021) —— 0.02[ -0.12, 0.16] 23.52
Sueki and Ueda (2021) . 3 -0.08[ -0.12, -0.05] 32.01
Overall il 0.05[ -0.08, 0.17]
Heterogeneity: 1° = 0.01, I = 81.33%, H> = 5.36
Test of 6, = 6;: Q(3) = 19.81, p = 0.00
Testof 6 =0:z=0.73, p = 0.47
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Fig. 15. Changes in suicidal ideation from the baseline to the follow-up.

observed in these disorders in May 2020. However, as of June 2020, the
results showed a decrease in mental health disorders. This month also
coincides with the end of the first wave in North America and Europe,
with an initial recovery of the global economy and with the lifting of
isolation and containment measures related to the pandemic (Bailey
et al., 2021; Demirgilic-Kunt et al., 2021; Ligo et al., 2021). Despite this
decrease, the prevalence of mental health problems remains higher
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during the pandemic compared to pre-pandemic times (Prati and Man-
cini, 2021; Robinson et al., 2022).

The regions with the highest prevalence of symptoms of mental
health problems are North America for anxiety, depression, and PTSD,
Latin America for psychological distress, and Europe for insomnia. The
lack of social protection in the United States created situations of panic
and anxiety, and showed significant social precariousness of vulnerable
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Evolution of prevalence of more commonly
reported mental health symptoms during the
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Fig. 16. Evolution of most reported mental health problems during the COVID-19 pandemic.

communities during the COVID-19 pandemic (Parolin et al., 2020; van
Dorn et al., 2020). Massive job losses, not being able to feed oneself, and
not being able to pay the rent, demonstrated the fragility of the Amer-
ican social protection system. In addition to that, North America became
the epicenter of the pandemic and had the highest COVID-19 death toll
(Kim et al., 2020; Parolin et al., 2020; van Dorn et al., 2020; Weinberger
et al., 2020). As for Latin America, the included studies were conducted
in Argentina, Brazil, and Colombia, and although they are among the
most developed countries in the region, their social security remains
fragile (Blofield et al., 2020; Brunoni et al., 2021). Only half of the
population has social security (Blofield et al., 2020; Blofield and Fil-
gueira, 2020). In addition, these countries (and particularly Brazil) have
been greatly affected by the consequences of the pandemic, in terms of
health (number of cases and deaths), social and economic terms (Blo-
field et al., 2020; Neiva et al., 2020).

We were only able to assess gender as a moderator for anxiety and
depression. Being a female is associated with a higher prevalence of
anxiety and depression symptoms. In addition to social (e.g., experi-
ences of violence), societal (e.g., gender roles), and biological (e.g.,
hormonal changes) reasons (Albert, 2015; Kuehner, 2017), which are
often cited in scientific literature to explain why women often have
higher rates of depression and anxiety. The pandemic has also shown
significant gender disparities(Connor et al., 2020; Gausman and Langer,
2020). During the pandemic, women were more likely to lose their jobs,
take unpaid leaves of absence to care for children, continue to work
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while caring for children, and be exhausted from various household and
professional tasks(Connor et al., 2020; Gausman and Langer, 2020). In
addition, women were more likely to provide care to family members
facing difficult situations during the pandemic, including child health
(Johnston et al., 2020; Power, 2020). They were also more likely to be in
caregiving professions (nurses, nursing assistants, orderlies) (Nordhues
et al.,, 2021). All these factors may explain the higher prevalence of
depression and anxiety in women.

However, results indicated differences according to age, for only
anxiety, which tended to decrease with age. This reflects the concern of
active population during the COVID-19 pandemic, including younger
people, university students, parents with young children and adoles-
cents, and working professionals (Cénat and Dalexis, 2020; Guan et al.,
20205 Patrick et al., 2020; Savage et al., 2020). More studies need to be
conducted, because elderly people were perceived to be more at risk of
being infected and to experience the worst symptoms or die from
COVID-19 (Gerst-Emerson and Jayawardhana, 2015).

The results also showed significant differences in prevalence,
depending on the questionnaires used to assess the symptoms of the
different disorders. This observation holds true for anxiety, depression,
psychological distress, PTSD, insomnia, substance abuse, and loneliness.
These observations are always double-edged, because the question is
whether certain measures exaggerate the screening of symptoms (too
sensitive and not specific enough) or conversely, whether other mea-
sures do not screen enough symptoms (too specific and not sensitive
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enough) (Reitsma et al., 2005). These results should make researchers
aware of choice of measure in future studies of populations affected by
the COVID-19 pandemic and other health and social challenges.

4.1. Limitations and implications

Despite its importance in examining the evolution of mental health
problems during the COVID-19 pandemic, this study contains certain
limitations. First, the quality assessment of the articles, considering a
score of 6 out of 9, led to the removal of 52 articles in the selection
process. This reduced the ability to study certain moderators (e.g.,
gender, region) for each mental health problem explored, such as psy-
chological distress, PTSD, insomnia, substance abuse. The removal of
those articles also reduced the number of articles conducted in China.
Second, the lack of longitudinal studies in some parts of the world, such
as Africa, the Caribbean, India, the Middle East, and the very few articles
in Latin America and Asia did not allow for a deeper exploration of issues
related to geographic factors for all disorders. This lack of data also
prevented the examination of geographical aspects, exploring them by
gender, measures used, among others. Similarly, the lack of data
regarding ethnicity, race, sexual orientation, migration status, and
gender prevented considering these issues as potential risk factors for
individual mental health problems during the pandemic. In addition,
while at the beginning of the pandemic there were many publications
addressing mental health issues, from July 2020 and onwards fewer
studies were published, even in those published up to August 2021.The
significant heterogeneity observed is also an important limitation to this
study. Moreover, despite the exploration of different moderators, the
heterogeneity remained. Other moderators could have been explored,
such as risk and protective factors associated with the pandemic and the
participants (e.g., past traumas, social support, resilience, social isola-
tion), but too few studies reported that information in a consistent
manner to be able to analyze them. Also, the lack of studies using
structured interviews for diagnosis and the use of self-reported measures
should prevent us from using the term “disorder”, but only consider the
term “symptom”. Finally, no longitudinal studies were conducted with
samples of children and adolescents, precluding separate analyses for
this group with particular needs.

5. Conclusions

Despite the aforementioned limitations, this meta-analysis on the
evolution of mental health problems during COVID-19 is of major
importance. It shows the evolution of clinically elevated symptoms of
anxiety, depression, PTSD, psychological distress, insomnia, and sub-
stance abuse during the COVID-19 pandemic. It reveals how the evo-
lution of mental health problems is related to the evolution of the
pandemic as well as the social, economic and health problems that
accompany it. It shows differences between regions of the world, gender,
age, measures used among others. Future studies should systematically
report data on gender, age groups, education level, ethnicity, sexual
orientation, and migration status to allow for better comparison. They
will also help identify groups that are more at risk of experiencing
mental health problems. Additional studies also need to be conducted in
certain parts of the world such as India, Africa, the Middle East, and the
Caribbean, to better understand the long-term impacts of the COVID-19
pandemic on the mental health of diverse populations. This study con-
firms that globally, the mental health of populations has been affected
by the COVID-19 pandemic.
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