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Global prevalence of anxiety and depression =

among medical students during the COVID-19
pandemic: a systematic review
and meta-analysis
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Abstract

Purpose As future physicians, medical students have experienced tremendous pressure during the ongoing COVID-
19 pandemic, which is associated with a high risk of depression and anxiety. We aimed to investigate an overview

of the prevalence of anxiety and depression among medical students in various countries during the global COVID-19
pandemic, and discuss associated stressors.

Methods We systematically searched CINAHL, EMBASE, MEDLINE, PubMed, and Web of Science for relevant articles
from December 1, 2019 to March 15, 2023. We performed meta-analysis using a random-effects model with REML
method to calculate the pooled prevalence of anxiety and depression. Begg's and Egger’s tests were used to identify
the potential risk of publication bias. Meta-regression was used to explore potential sources of heterogeneity.

Results We identified 130 studies reporting anxiety and depression among 132,068 medical students dur-

ing the COVID-19 pandemic. Eight screening tools were identified for anxiety and six for depression. The pooled
prevalence of mental health outcomes for anxiety and depression was 45% (95% confidence interval [Cl], 40%-49%)
and 48% (95% Cl, 43%-52%), respectively. The pooled prevalence of mental health outcomes for moderate and severe
anxiety and moderate and severe depression was 28% (95% Cl, 24%-32%) and 30% (95% Cl, 26%-35%), respectively.
There was high heterogeneity between studies, with I? ranging from 99.58%-99.66%. Continent and survey date were
included in the meta-regression model. The results of meta-regression revealed that medical students in Asia had

a lower prevalence of anxiety, and depression than those in other regions. The survey date (from February to June,
2020) showed a significantly positive correlation with the prevalence of anxiety and depression.

Conclusions We demonstrated the global prevalence of anxiety and depression among medical students dur-

ing the COVID-19 pandemic. The data highlight that medical students worldwide are at high risk of experiencing anxi-
ety and depression. The reported stressors can be categorized into personal, academic, environmental and cultural,
and pandemic factors. Schools and institutions should ensure optimal alternative learning environments for unin-
terrupted provision of medical education. The appropriate authorities should prioritize the provision of adequate
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protection for medical students and establish policies to promote new methods of training and education dur-

ing a disaster, such as via distance learning.

Keywords Prevalence, Anxiety, Depression, COVID-19, Medical students

Introduction

On March 11, 2020, the World Health Organization
declared the coronavirus disease 2019 (COVID-19)
global pandemic [1]. As of March 17, 2024, there have
been more than 774,954,393 COVID-19 cases globally
and 7,040,264 deaths [2]. To slow the rising numbers of
COVID-19 infections and deaths, extraordinary scien-
tific efforts have been made to develop vaccines against
COVID-19 infection and distribute them in many coun-
tries. However, by the end of 2022, the pandemic has yet
to be resolved [3]. Multiple epidemic waves of COVID-19
have been reported in many countries [4, 5], and coun-
tries worldwide must be prepared for the possibility of
future waves [6].

Medical students, pre-clinical medical students, and
students in clinical rotations represent a population that
is vulnerable to infectious disease exposure, especially
during the COVID-19 pandemic. In many countries, the
medical education of students in their pre-clinical years
has been changed to online activities to maintain social
distancing and avoid new outbreaks of COVID-19 infec-
tion, and medical students have been advised to stay at
home [7, 8]. However, in many countries, medical stu-
dents in the clinical years are required to be involved
in caring for patients owing to the shortage of profes-
sional health workers in hospitals because of increasing
numbers of patients with COVID-19 infection [9], even
though students may not have appropriate and complete
training or sufficient clinical experience to be able to pro-
tect themselves and handle complex clinical situations.
Therefore, both the Medical Schools Council (MSC)
in the United Kingdom and the American Association
of Medical Colleges (AAMC) in the United States have
published a guideline for the participation of medical
students as health care providers during the COVID-19
pandemic in which this group is recommended to work
as volunteers [10, 11].

The effects of the COVID-19 pandemic on mental
health outcomes most likely differ among different pop-
ulations [3]. The emotional response to the pandemic
might be stronger for groups who are vulnerable to infec-
tion, such as health care providers [12]. The ongoing pan-
demic has been a tremendously challenging situation for
health care providers who are exposed to patients with
COVID-19. Their work not only places them at high risk
of becoming infected but also can lead to a fear of con-
tagion and spread of the virus to loved ones [13]. This

difficult situation has led to the development of mental
health problems such as distress, anxiety, depression,
insomnia, post-traumatic stress disorder (PTSD), denial,
and fear among health workers [14, 15]. Furthermore,
exposure to COVID-19 infection among health care
providers is associated with a high risk of experiencing
depression and anxiety [12]. Health care providers who
are in charge of caring for patients with COVID-19 have
demonstrated increased levels of distress, anxiety, and
depression [16]. As future physicians, medical students
may have also experienced tremendous pressure during
the ongoing COVID-19 pandemic, which is associated
with a high risk of depression and anxiety.

Mental health issues surrounding mental illness are
prevalent among medical students [17, 18], and these
might be exacerbated to become a serious issue during
the global COVID-19 pandemic. Mental health prob-
lems jeopardize the well-being of medical students, lead-
ing to learning problems, which can have an impact on
delivering quality patient care in the future. This is a seri-
ous problems to which medical schools and institutions
should devote greater attention by developing strategies
to help medical students [17]. In a cross-sectional study
conducted in Bangladesh during the COVID-19 pan-
demic among 425 medical students, 55% experienced
anxiety and 44% experienced depression [19]. Another
cross-sectional study conducted among medical stu-
dents in Libya revealed that 65% developed anxiety and
78% developed depression [20]. A study in the United
States found that 66% of medical students had devel-
oped anxiety during the COVID-19 pandemic [16]. Two
meta-analysis studies conducted during the COVID-
19 pandemic revealed that 28% of medical students had
developed anxiety [21] and 31% had depression [22]
respectively; additionally, further meta-analysis con-
ducted in 2023 found that 38% of medical students had
developed anxiety and 41% had depression during the
COVID-19 pandemic [23]. Given the high prevalence of
anxiety and depression among medical students in devel-
oping and developed countries, continued efforts must
be made to collect and analyze data regarding the effects
of the COVID-19 pandemic on mental health outcomes
among medical students to obtain a complete picture of
this phenomenon globally and address this knowledge
gap.

An evaluation of the psychological status will help clar-
ify approaches for targeted psychological intervention
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during the ongoing COVID-19 pandemic, prompting
the further development of medical and health public
services. Therefore, updated evidence is crucial regard-
ing the global mental health situation in the population
of medical students during the COVID-19 pandemic. In
this study, we aimed to investigate updated estimates of
the prevalence of anxiety and depression among medical
students during the COVID-19 pandemic, and discuss
associated stressors.

Materials and methods

This systematic review (study protocol registered on
PROSPERO-CRD42021252968) was conducted follow-
ing the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) [24].

Search strategy

Five electronic databases were used to retrieve relevant
studies. The reviewing author searched the CINAHL,
EMBASE, MEDLINE, PubMed, and Web of Science
databases from December 1, 2019 to March 15, 2023 to
identify studies published between 2020 and 2023. To
avoid missing pertinent research, grey literature search
using Google Scholar and manually searching by exam-
ining included studies from prior systematic reviews or
meta-analysis studies were conducted. The search lan-
guage was limited to English. The MeSH terms used to
develop the search included: medical students; OR medi-
cal undergraduate; OR medical postgraduate; OR educa-
tion, medical, undergraduate; AND mental disorder; OR
mental health; OR affective disorder; OR mood disorder;
OR depressive disorder; OR depression; OR anxiety; OR
stress, psychological; OR depress*; OR anxiety*; OR men-
tal wellbeing; AND COVID-19; OR coronavirus disease
2019; OR pandemic; OR 2019-nCoV; OR SARS-CoV-2;
OR COV-19. Details of the search strategy are presented
in Additional File 1: Appendix 1. Additionally, the refer-
ences of the identified articles were searched manually
and appropriate articles were reviewed.

Eligibility criteria

The following inclusion criteria were applied: a) stud-
ies conducted among students of medicine; b) cross-
sectional study, cohort study, or case—control study; c)
provided outcomes of anxiety and depression; d) studies
conducted related to COVID-19 pandemic; and e) pub-
lished in English language. The following exclusion crite-
ria were applied: a) review studies; and b) studies that did
not provide the full text. Medical students included stu-
dents who were enrolled in the M.D. program (Doctor of
Medicine) and M.B.B.S. programs (Bachelor of Medicine
and Bachelor of Surgery).
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Study selection and data extraction

Two authors (LYK and SID) independently screened all
titles and abstracts according to the defined eligibility
criteria, after removing duplicates using EndNote soft-
ware. The authors used the PRISMA flow diagram to
report study eligibility, and they independently followed
the selection process for all studies and retrieved the full
texts of those studies that passed the first-level screen-
ing. A full-text review was performed for each study,
and data extraction was conducted in duplicate by two
reviewers. The fields extracted were author, publication
year, country where the study was conducted, continent
of the study country, sample size, sex of participants, age,
number and percentage of anxiety and depression among
medical students, instruments used to evaluate anxiety
and depression, and study period. All discrepancies were
resolved in consultation with a third reviewer (LCJ).

Study risk of bias assessment

Accurately judging and choosing the appropriate tool for
each included study is an important step in analyzing the
methodological quality (risk of bias) of each identified
study and exploring whether the study is of low quality or
has a high risk of bias [25]. For each reviewed source, two
authors (LYK and SID) assessed the risk of bias using the
Joanna Briggs Institute (JBI) critical appraisal checklist
for studies reporting prevalence data to assess the level of
the evidence; the overall quality of each study [26]. Nine
dimensions include sample frame, participant recruit-
ment, sample size, subjects and setting description, rep-
resentativeness, valid methods for the identification, a
standard and reliable measurement way, valid assessment
of mental problems, appropriate statistical analysis, and
response rate. All discrepancies were resolved in consul-
tation with a third reviewer (LCJ).

Statistical analysis

The pooled prevalence of anxiety and depression among
medical students during the COVID-19 pandemic was
calculated using a random-effects model with REML
mothod. Anxiety and depression in this study referred
to “anxiety symptoms” and “depressive symptoms”
because most included studies used self-rated question-
naires or instruments; an actual illness could not be
diagnosed using the screening tools alone. The selected
studies reported the dichotomous variable of anxiety
and depression as being present or absent in medical
students, according to the study authors’ defined cutoff
score for the selected screening instruments. Anxiety and
depression were further divided into categories accord-
ing to the scale of the instruments: anxiety, moderate and
severe (anxiety MS) and depression, moderate and severe
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(depression MS). The heterogeneity of each variable in
the pooled estimate was indicated with /2 using a ran-
dom-effects model. For 12, 25%—49% indicated low het-
erogeneity, 50%—74% moderate heterogeneity, and >75%
indicated high heterogeneity [27, 28]. Funnel plots and
forest plots were generated for all analyses. Sensitiv-
ity analysis was performed to confirm stability and reli-
ability. We used leave-one-out meta-analysis to identify
the influence of each study on the effect-size estimates.
Both Begg’s test and Egger’s tests were used to identify
the potential risk of publication bias. If various levels of
heterogeneity were identified among studies and in sub-
group analysis, meta-regression was used to explore the
heterogeneity. Moderator variables for subgroup analy-
ses and meta-regression were chosen post hoc. A value
of p<0.05 was considered statistically significant. All sta-
tistical analyses were conducted using Stata version 17.0
(StataCorp LLC, College Station, TX, USA).

Results

Study selection

Using the search strategy, we identified 3,144 articles in
five electronic databases. After the removal of duplicates,
the titles and abstracts of 1,728 articles were screened;
225 articles were determined to satisfy the eligibil-
ity criteria. After a full-text review, ninety-five articles
were deemed ineligible. The remaining 130 articles were
included in the final analysis. Details of the study selec-
tion process are presented in a PRISMA flow diagram
(Fig. 1). The PRISMA checklist is presented in Additional
File 2: Appendix 2.

Study characteristics

All included articles were cross-sectional studies. Three
of the 130 studies included multiple sets of data; there-
fore, a total of 135 sets of data were included in the
final analysis. A total of 132,068 medical students were
included. Twenty-eight studies were conducted in China
[29-56]. Sixteen studies were conducted in India [57—
72]. Eleven studies were conducted in Pakistan [73-83].
Ten studies were conducted in Saudi Arabia [84-93].
Nine studies were conducted in United States [16, 94—
101]. Five studies were conducted in France [102-106]
and Turkey [107-111]. Four studies each were con-
ducted in Brazil [112-115], Malaysia [116-119], and
Peru [120-123]. Three studies were conducted in Indo-
nesia [124-126] and Thailand [127-129]. Two studies
each were conducted in Bangladesh [19, 130], Egypt [131,
132], Korea [133, 134], Morocco [135, 136], Nepal [137,
138], Spain [139, 140], and multi-countries [141, 142].
One study each was conducted in Germany [143], Greece
[144], Iran [145], Iraq [146], Italy [147], Japan [148], Jor-
dan [149], Kazakhstan [150], Mexico [151], Slovak [152],
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Sudan [153], Tunisia [154], United Arab Emirates [155],
and Vietnam [156]. Furthermore, according to continent
or region, seventy-six studies were conducted in Asia,
nineteen studies in the Middle East, eleven studies were
conducted in Europe, ten studies in North America, eight
studies in South America, and Five study was conducted
in Africa. The average age of included participants ranged
from 17 to 26.1 years. The prevalence of anxiety in 100
studies ranged from 3.8% to 96.1%, and the prevalence
of depression in 97 studies ranged from 7.5% to 99.6%.
The prevalence of anxiety MS in 82 studies ranged from
2.3% to 73.7%, and the prevalence of depression MS in 78
studies ranged from 1.2% to 90.2%. The study periods of
the included publications were between 2019 and May
2022. A summary of study characteristics is presented in
Table 1.

Risk of bias in studies

The JBI scale was used to appraise the quality of the 130
cross-sectional studies. The results of quality assessment
are presented in Additional File 3: Appendix 3.

Prevalence of anxiety and depression among medical
students

Anxiety

One hundred studies that included 41,620 participants
reported anxiety using the Generalized Anxiety Disor-
der-7 (GAD-7), the Depression, Anxiety and Stress Scale
(DASS), Beck Anxiety Inventory (BAI), Zung Self-rating
Anxiety Scale (SAS), and Hospital Anxiety and Depres-
sion Scale (HADS), State-Trait Anxiety Inventory (STAI),
and Patient Health Questionnaire (PHQ). The pooled
prevalence of anxiety among medical students during the
COVID-19 pandemic was 45% (95% confidence interval
[CI], 40%—49%, 12=99.65%, p <0.001). The forest plot is
displayed in Fig. 2a.

Anxiety MS (moderate and severe)

Eighty-two studies that included 17,495 participants
reported anxiety MS using the GAD-7, DASS-21, BAI,
STAIL, Zung SAS, Visual Analogue Scale (VAS), and
HADS. The pooled prevalence of anxiety MS among
medical students during the COVID-19 pandemic was
28% (95% CI, 24%—32%, 12=99.61%, p <0.001). The forest
plot is displayed in Fig. 2b.

Depression

Ninety-seven studies that included 35,828 medical stu-
dents reported depression using the Patient Health
Questionnaire-9 (PHQ-9), DASS-21, Zung Self-rating
Depression Scale (SDS, Beck Depression Inventory-II
(BDI-II), and HADS. The pooled prevalence of depres-
sion among medical students during the COVID-19
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Identification of studies via databases and registers

- Records identified from*:

o Databases (n = 3144 articles)
"g CINAHL= 225

= Embase= 581

= Medline= 1010

] PubMed= 642

- Web of Science= 686

_ !

Additional records identified
(n = 26)

Records removed before screening**:
Duplicate records removed by automation tools (n = 1397)
Duplicate records removed by human (n = 45)

A4

Studies included in review
(n=130)

Records excluded
(n =1503);
Not population of interest=
Records screened > 626
= (n=1728) Not outcome of interest = 569
= Not study design of interest=
3 277
3] Not published in English= 31
(7]
h 4
Reports sought for retrieval ) Reports not retrieved
(n=225) (n=0)
Records excluded
(n =95);
Reports assessed for eligibility ) Not population of interest= 29
(n =225) Not outcome of interest= 54
Not study design of interest=
12

Fig. 1 Flow chart for selection of reviewed articles. *Consider, if feasible to do so, reporting the number of records identified from each database

or register searched (rather than the total number across all databases/registers). **If automation tools were used, indicate how many records were
excluded by a human and how many were excluded by automation tools. From: Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow
CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71

pandemic was 48% (95% CI, 43%-52%, 12=99.66%,
p<0.001). The forest plot is displayed in Fig. 2c.

Depression MS (moderate and severe)

Seventy-eight studies that included 15,719 medical
students reported depression MS using the PHQ-9,
DASS-21, Zung SDS, BDI-II, HADS, and the Self-Rated
Depression Scale. The pooled prevalence of depres-
sion MS among medical students during the COVID-19

pandemic was 30% (95% CI, 26%—-35%, 12=99.58%,
p<0.001). The forest plot is displayed in Fig. 2d.

There was high heterogeneity between studies, with I?
ranging from 99.58%—99.66%.

Sensitivity analysis

We performed sensitivity analysis and confirmed the sta-
bility and reliability of the results. We used leave-one-out
meta-analysis to identify influential studies. Figure 3a
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led prevalence of anxiety among medical
students during COVID-19 pandemic.

d prevalence of depression among medical
students during COVID-19 pandemic.

b Pooled prevalence of anxiety (moderate and
severe) among medical students during COVID-19 pandemic.
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led prevalence of depression (moderate and
severe) among medical students during COVID-19 pandemic.
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Fig. 2 Pooled prevalence of anxiety and depression among medical
students during COVID-19 pandemic. a Pooled prevalence of anxiety
among medical students during COVID-19 pandemic. b Pooled
prevalence of anxiety (moderate and severe) among medical
students during COVID-19 pandemic

shows that the corresponding pooled prevalence of anx-
iety ranged from 44% to 45%. Figure 3b shows that the
corresponding pooled prevalence of anxiety MS varied
from 27% to 28%. Figure 3c shows that the corresponding
pooled prevalence of depression ranged from 47% to 48%.
Figure 3d shows that the corresponding pooled preva-
lence of depression MS varied from 30% to 31%. This was
not substantially altered. The statistically similar results
revealed that no single study influenced the stability of
the overall prevalence estimates in the meta-analysis.

Publication bias

Visual inspection of the funnel plot revealed relative
symmetry for anxiety and depression (Fig. 4a and c) and
asymmetry for anxiety MS and depression MS (Figdb
and d). Begg’s (z=1.25, p=0.210) tests showed no poten-
tial risk of publication bias for the overall prevalence
of anxiety. However, Egger’s (z=3.63, p=0.0003) tests
showed a potential risk of publication bias for the over-
all prevalence of anxiety. Begg’s (z=1.54, p=0.124) tests
showed no potential risk of publication bias for the over-
all prevalence of anxiety MS. However, Egger’s (z=3.82,
p=0.0001) tests showed a potential risk of publication
bias for the overall prevalence of anxiety MS. Both Begg’s
(z=0.60, p=0.551) and Egger’s (z=0.72, p=0.469) tests
showed no potential risk of publication bias for the over-
all prevalence of depression. Finally, both Begg’s (z=3.56,
p=0.0004) and Egger’s (z=2.68, p=0.0073) tests showed
a potential risk of publication bias for the overall preva-
lence of depression MS.

Subgroup analysis

The results of subgroup analysis are presented in Table 2.
In the evaluation according to continent or region, the
pooled prevalence of anxiety was high in North and
South America (60.7%, 95% CI, 56.0%—65.4%), intermedi-
ate in the Middle East and Africa (53.4%, 95% CI, 45.8%—
61.0%) and in Europe (45.0%, 95% CI, 32.2-57.9), and low
in Asia (37.3%, 95% CI, 31.1%—43.5%). The pooled prev-
alence of anxiety MS showed no statistical significance.
The pooled prevalence of depression was high in the
Middle East (61.1%, 95% CI, 50.3%—71.9%), intermedi-
ate in North and South America ( 56.5%, 95% CI, 47.7%—
65.2%), and in Asia (41.7%, 95% CI, 35.4%—-47.9%), and
low in Europe (39.9%, 95% CI, 27.1%—52.7%). The pooled
prevalence of depression MS was high in the Middle East



Lin et al. BMC Psychology ~ (2024) 12:338

ivity analysis of anxiety for individual
studies on the summary effect.

ivity analysis of depression for
individual studies on the summary effect.

sitivity analysis of anxiety (moderate and

severe) for individual studies on the summary effect.

ity analysis of
and severe) for individual studies on the summary
effect.

Page 18 of 31

Fig. 3 Sensitivity analysis of anxiety and depression for individual
studies on the summary effect. a Sensitivity analysis of anxiety
for individual studies on the summary effect. b Sensitivity
analysis of anxiety (moderate and severe) for individual studies
on the summary effect. ¢ Sensitivity analysis of depression

for individual studies on the summary effect. d Sensitivity analysis
of depression (moderate and severe) for individual studies

on the summary effect

(43.6%, 95% CI, 31.8%—55.4%), intermediate in North
and South America (30.2%, 95% CI, 21.7%—38.7%), and
in Asia (26.6%, 95% CI, 20.5%—32.7%), and low in Europe
(23.9%, 95% CI, 18.1%—29.8%).

With categories divided into Asia and the rest of the
world, the pooled prevalence of anxiety was lower in Asia
than the rest of the world (37.3%, 95% CI, 31.1%—-43.5%
versus 54.8%, 95% CI, 50.2%—-59.4%). The pooled preva-
lence of depression was lower in Asia than in the rest of
the world (41.7%, 95% CI, 35.4%—47.9% versus 54.9%,
95% CI, 48.5%—61.3%). The pooled prevalence of anxiety
MS and depression MS was lower in Asia than in the rest
of the world, but without statistical significance.

When evaluating the effect of sex, the pooled preva-
lence of anxiety, anxiety MS, depression, and depression
MS revealed higher trends in female than male. When
evaluating medical students’ year of study, the pooled
prevalence of anxiety, anxiety MS, depression, and
depression MS revealed higher trends in the pre-clini-
cal years than the clinical years. However, there was no
significance regarding the effect of sex and medical stu-
dents’ year of study.

Meta-regression

We identified various levels of heterogeneity among
studies and in subgroup analysis, and therefore meta-
regression was used to explore potential sources of heter-
ogeneity. As a potential source of heterogeneity, continent
or region and survey date (the month during 2020 in
which the last survey was conducted) were included
in the meta-regression analysis. The results of meta-
regression analysis are shown in Table 3. Continent was
significantly associated with anxiety (coefficient 0.176;
95% CI, 0.094-0.257), and depression (coefficient 0.132;
95% CI, 0.040-0.224). Medical students in Asia showed
a lower prevalence of anxiety and depression than those
on other continents. The survey date (February to June,
2020) was significantly and positively correlated with
anxiety (coefficient 0.109; 95% CI, 0.061-0.157), anxiety
MS (coefficient 0.078; 95% CI, 0.038—0.117), depression
(coefficient 0.079; 95% CI, 0.028-0.129), and depression
MS (coefficient 0.083; 95% CI, 0.030-0.136). For every
one-month increase, 10.9%, 7.8%, 7.9%, and 8.3% increase
in the prevalence of anxiety, anxiety MS, depression, and
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b Funnel plot of anxiety (moderate and
severe) among medical students during COVID-19
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d Funnel plot of depression (moderate and
severe) among medical students during COVID-19
pandemic

Fig. 4 Funnel plot of anxiety and depression among medical students during COVID-19 pandemic. a Funnel plot of anxiety among medical
students during COVID-19 pandemic. b Funnel plot of anxiety (moderate and severe) among medical students during COVID-19 pandemic. ¢
Funnel plot of depression among medical students during COVID-19 pandemic. d Funnel plot of depression (moderate and severe) among medical

students during COVID-19 pandemic

depression MS, respectively. The survey date (May to
December, 2020) was negatively correlated with anxiety,
anxiety MS, depression, and depression MS. However,
there were no statistical significance.

Discussion

This systematic review and meta-analysis of 130 arti-
cles that included 132,068 participants revealed that
the pooled estimates of prevalence showed that 45%
of medical students have experienced anxiety and 48%
have experienced depression. Furthermore, 28% of medi-
cal students have experienced anxiety MS and 30% of

medical students have experienced depression MS. Mod-
erate and severe anxiety and depression are of clinical
importance as conditions for which further assistance
and intervention might be needed. Our findings demon-
strated that anxiety and depression are important issues
for medical students during the COVID-19 pandemic,
with wide variation in the prevalence among different
studies.

To our knowledge, this is the most updated meta-anal-
ysis to simultaneously report anxiety and depression,
as well as moderate and severe anxiety and depres-
sion, among medical students during the COVID-19
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pandemic. We further investigated the characteristics
of studies that that reported the influence on the preva-
lence of these conditions. The pooled prevalence indi-
cated that continent was significantly associated with
the prevalence of anxiety and depression in this popula-
tion. Medical students’ sex and year of study (pre-clinical
and clinical) were not significantly associated with the
prevalence of anxiety and depression. Meta-regression
analysis revealed that the date of survey was associated
with mental health problems among medical students.
From February to June in 2020, the prevalence of anxi-
ety and depression among medical students increased
over time. The increasing trend echoed the results of a
previous study conducted among students of higher edu-
cation, in which the authors believed that end-of-year
examinations might account for this trend [157]. Moreo-
ver, we believe that the severity of the pandemic might
have an influence on trends in anxiety and depression in
this population. Further study is needed to confirm these
results. These factors may have an impact on the learning
of medical students and medical education.

Impact of COVID-19 pandemic on medical education
Consequent to the unprecedented COVID-19 pandemic,
pedagogic changes have resulted in a paradigm shift in
teaching and learning processes. Medical education has
been disrupted owing to the closure of medical schools
or barring of patient contact during the pandemic. The
traditional face-to-face teaching mode had largely been
replaced by online learning [158—-160]. Alternative modes
of teaching and learning, including web-based learn-
ing, role play, video vignettes, and use of both live and
mannequin-based simulated patients, have been used to
minimize disruption to medical education [161]. Many
challenges have arisen in this shift from traditional teach-
ing methods to online learning. Study load and workload,
enhanced engagement, and technical issues might affect
student and faculty satisfaction [162]. One qualitative
study provided recommendations emphasizing three
important axes of institutional capacity, effective learn-
ing and assessment, and human resources, which would
lead to planning and implementation of successful online
learning activities [163].

Associated stressors: personal, academic, environmental
and cultural, and pandemic factors

The ongoing COVID-19 pandemic has had a great
impact on medical students. The pooled prevalence of
anxiety among medical students in our study was higher
than the prevalence in a previous report [21]. One study
found a 28% pooled prevalence of anxiety among medi-
cal students globally in September 2020 [21], which is
much lower than our finding. A possible reason might be
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that half of the studies included in that report were con-
ducted in China, and the sample sizes in those studies
resulted in 89% of students being Chinese, which could
limit generalization of the results. The pooled prevalence
of depression among medical students in our study was
higher than the prevalence in another study [22] report-
ing a 31% pooled prevalence of depression globally, but
similar to the recent study [23] reporting a 38% pooled
prevalence of anxiety and 41% pooled prevalence of
depression among medical students. Notably, 28% of
medical students reported anxiety MS and 30% reported
depression MS. Medical institutes should make greater
effort to identify those students in need of clinical inter-
vention and provide timely assistance. Many reported
stressors can induce symptoms of anxiety and depression
in medical students, particularly during the COVID-19
pandemic. These can be categorized into several factors,
including personal, academic, environmental and cul-
tural, and pandemic factors.

Personal factors

In terms of personal factors, sex has been significantly
associated with anxiety and depression among medi-
cal students in many studies, with most reporting that
women have a higher prevalence of anxiety [16, 19, 43,
48, 65, 87, 98, 111, 114, 115, 120, 132, 135, 137, 145, 155]
and depression [16, 19, 43, 48, 65, 69, 114, 115, 120, 131,
135]. Only one study reported that male students had
a high risk of anxiety [32], and one study reported that
male students had a high risk of depressive symptoms
[164]. No difference in sex was reported for anxiety [20,
29, 35, 69, 107, 138] or for depression [20, 35, 107, 138]
in numerous studies. Although our results revealed
that sex was not significantly associated with anxiety or
depression, women tended to have a higher prevalence
of anxiety and depression. Having a history of psychiat-
ric consultation or psychologic or mental problems was
associated with anxiety and depression [132, 135, 138,
165]. Having negative thoughts or engaging in nega-
tive actions and feeling depressed was associated with a
greater likelihood of anxiety [43]. Individuals who engage
in negative thinking or actions, and those with anxiety
levels have greater odds of experiencing some level of
depression [43]. Maintaining a healthy lifestyle has been
associated with less depression symptoms [43, 52].

Academic factors

Regarding academic factors, the influence of medical stu-
dents’ year of study on anxiety and depression remains
controversial. Although our results revealed that the pre-
clinical and clinical years of study were not significantly
associated with anxiety or depression, students in the
pre-clinical years tended to have a higher prevalence of
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anxiety and depression than those in clinical years. Some
studies have reported that students in the pre-clinical
years of study have a higher prevalence of anxiety [16, 48,
92, 114, 120, 137] and depression [16, 48, 114, 120, 135,
137]. One study reported no significant differences in
anxiety and depression between pre-clinical and clinical
groups [138]. However, a past study found that students
in their clinical phase of study had greater anxiety lev-
els [155]. Medical students in clinical training, especially
those participating in higher-risk unit rotations, have a
greater risk of exposure to infectious diseases, which has
a considerable impact on their mental health [155]. Fur-
ther research is needed to confirm these results.

Some studies have reported that worrying about aca-
demic delays was a stressor leading to higher levels of
anxiety [29, 120, 166] and depression [120]. One study
reported that students with a higher grade point average
(GPA) experienced less anxiety and depression [145]. A
study in Japan found that the sudden shift to online edu-
cation was associated with greater odds of having gener-
alized anxiety and being depressed [148]. However, one
study reported the mental health of medical students
improved after the transition from traditional to online
learning during the quarantine period [150]. In that
study, 65.2% of those concerned about the shift to online
education felt that this learning mode was less effective
than in-person education [148]. Previous studies have
reported the utility and equivalent effectiveness of online
learning in comparison with offline or in-person learning
[167]. Medical students who said that they would request
food assistance and mental health care resources from
the university in the case of future COVID-19 outbreaks
also had greater odds of having generalized anxiety and
being depressed [148]. Being unable to fully concen-
trate on their studies during the COVID-19 pandemic
was found to be associated with a significantly higher
risk of anxiety among medical students [19]. One study
compared undergraduate and graduate students and
found that graduate students had a higher risk of anxi-
ety [43]. The authors explained that this may be owing to
increased pressure regarding job-seeking or completion
of a thesis required for graduation.

Environmental and cultural factors

Worrying about the economic effects of the pandemic
and influence of the pandemic on daily life was found to
be related to anxiety levels [29]. Living in an urban area,
living with parents, and family financial stability have
been identified as protective factors against anxiety [29,
120] and depressive symptoms [120]. One study reported
that financial hardship during periods of lockdown
and social distancing were associated with anxiety and
depression [115]. However, another study reported that
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family financial stability was not associated with anxiety
and depressive symptoms [20]. Students living alone had
a higher prevalence of anxiety [20, 89]. A study showed
that quarantine at home with family was not associated
with anxiety and depression [138]. Another study showed
that living away from the family during the pandemic had
no association with depression or anxiety [69]. Having
accurate knowledge was found to be a protective factor
against anxiety [32] and depression [32, 81]. One study
reported that a lower anxiety level might be associated
with greater exposure to mass media and social media
and stressed the importance of information during a
pandemic [168]. Fear of being assaulted or insulted on
the way to the hospital or at home was related to a sig-
nificantly greater risk of anxiety among medical students
[19]. Studies reported the strongly significant association
of perceived social support with reduced levels of anxiety
and depression [48, 165, 169], as well as improved qual-
ity of life [169]. Thus, provision of effective social support
is paramount to lowering psychological stress during a
global crisis [19].

Pandemic factors

Finally, pandemic factors such as social distancing and
isolation from family members might worsen anxiety dis-
orders [20, 166]. Having relatives or acquaintances with
COVID-19 infection is a risk factor for increased anxiety
[16, 29]. However, one study reported that having family
members or friends who were infected with COVID-19
was not statistically associated with anxiety and depres-
sive symptoms [20]. Possible COVID-19 exposure or
having contact with patients who have COVID-19 infec-
tion is associated with anxiety [138, 155] and depression
[138], as is experiencing COVID-19 symptoms [145].
Living in a location with a high prevalence of COVID-
19 infections was found to be associated with a higher
prevalence of severe anxiety and depression [48, 135].
One study compared the prevalence of anxiety disorders
between students at two universities in China and found
that the prevalence was significantly higher in Wuhan,
which was far more severely affected by COVID-19 than
Beijing [43]. More than 25 days of confinement was asso-
ciated with severe anxiety and depressive symptoms
[135]. One study found that most students reported being
worried about transmitting COVID-19 to a family mem-
ber or friends, and 65% of them worried about catching
the virus themselves [155]. Another study reported that
transmitting the virus to family members was not associ-
ated with anxiety or depression [19]. Students who were
highly or moderately concerned about becoming infected
were at higher risk (3.5-fold, 1.5-fold, respectively) of
anxiety, as compared with students with no concerns
regarding contracting COVID-19 infection [19]. Students
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who were highly or moderately concerned about con-
tracting COVID-19 infection were also at higher risk
(2.75-fold, 1.96-fold, respectively) of having depressive
symptoms compared with their counterparts who were
unconcerned [19]. One study reported that students with
a low degree of concern about COVID-19 had a high risk
of depressive symptoms [164].

Other factors impact on anxiety and depression of medical
students

When organized geographically, continent was also sig-
nificantly associated with mental health problems among
medical students in our study. Students in North and
South America and Africa had the highest prevalence
of anxiety whereas those in Asia had a lower prevalence
of depression and depression MS. These results might
be explained by the severity of the pandemic in differ-
ent countries and regions. The COVID-19 pandemic has
been more severe on the North and South American con-
tinents than on other continents, with the highest num-
ber of confirmed cases and deaths in the United States
[2]. Another reason might be cultural influences. Mental
disorders are considered a social stigma in many coun-
tries, especially Asian countries. Self-report measures
of mental disorders might not reflect the real situation
among medical students in Asian countries, which might
explain the difference in the prevalence of anxiety and
depression among different continents.

Studies comparing medical and non-medical students
found that non-medical students had higher anxiety lev-
els [45, 155] and depression [45, 55] than medical stu-
dents. Possible reasons for these findings might be that
medical students have better knowledge of the virus that
causes COVID-19, the disease prognosis, and transmis-
sion and control measures. Our finding is in line with
those of other studies stressing the importance of infor-
mation during a pandemic [168]. In a comparison of
medical and dental students, dental students reported
higher levels of anxiety [155] as well as higher levels of
anxiety and depression [170, 171]. This might be because
dental students are in very close proximity to patients
when providing dental care, which may increase the like-
lihood of exposure to highly transmissible respiratory
viruses, thereby increasing the potential risk of COVID-
19 infection owing to the nature of the dental field itself
[172].

Implications and recommendations

Medical students have been identified as having a high
risk of developing mental health problems [17]. Amid
the COVID-19 crisis, some medical students might
be in a challenging position. To limit the use of per-
sonal protective equipment and to ensure the safety of
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medical students, clerkships and clinical activities have
been suspended by some medical schools [173]. In con-
trast, medical students in some regions have been urged
to participate in patient care, sometimes even earning
credit toward their degree under certain circumstances
[174]. According to one study, higher rates of depres-
sion, suicidal ideation, and stigmatization around depres-
sion have been noted in these students [175]. Depressed
medical students might feel less respected because their
coping skills may be viewed as inadequate or they may
be considered less able to handle their responsibili-
ties. Therefore, these individuals might feel that seeking
mental health counseling services for depression is risky,
making them less likely to seek support or treatment for
depression [175]. It is important to safeguard the men-
tal health of medical students with an effective plan to
support their wellness as well as their education. Inter-
ventions targeting the many predisposing psychologi-
cal factors in COVID-19-related anxiety and depression
symptoms among medical students should be adopted
by medical college administrators and policy makers to
ameliorate psychological distress, which may negatively
impact students’ academic performance [101, 176]. Sev-
eral strategies had been investigated [177, 178, 179, 180].
Implications and recommendations for different levels,
including medical students, medical schools and institu-
tions, and policymakers, are presented in Table 4.

Study strengths and limitations

Our study has several strengths. The search strategy was
comprehensive. As far as we know, our study was the
most updated analysis and comprehensive review on
this topic. Moreover, our implications and recommen-
dations would be helpful for medical students, schools
and institutions, and policymakers developing strategies
to promote mental health for medical students when
encountering the pandemic. Our review also had sev-
eral limitations. Firstly, although the identified articles
involved a large number of participants, meta-analysis
and quantitative analysis revealed a variety of heteroge-
neity in the data. Some studies have also reported high
heterogeneity in anxiety and depression among medical
students [21, 22]. Publication bias is possible, especially
because more than half of studies were conducted in
Asia.

Secondly, the search strategies influenced the articles
searched as well as the number of articles retrieved. For
instance, the use of wildcards, adjacencies, and trunca-
tions in a keyword search might identify more relevant
studies. Moreover, including the outcome measures
(sometimes depression or anxiety was a secondary
outcome and might not be discussed in the abstract
or title) or using more or different key terms (such as
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Table 4 Implications and recommendations

Levels

Description

Medical students -« Encouraging vaccination and good health habits (hand hygiene, wearing masks, and regular exercise) will provide them with ade-

Medical schools
and institutions

quate protection and help to lower anxiety levels and lessen depressive symptoms

- Encouraging medical students to obtain accurate information regarding the pandemic and to live with their family or maintain
active contact with family members, classmates, and faculty will help decrease their mental health burden

- Actively seeking help should be recommended, especially for those who are feeling symptoms of anxiety and depression, and stu-
dents with a history of mental health problems should seek professional mental health care [16]

- Encouraging a healthy lifestyle and cultivating resilience will be beneficial for medical students' mental health

- Provide timely and accurate information and education regarding the pandemic to medical students

- Medical college administrators should ensure an optimal alternative learning environment for every medical student to continue
their education

- Schools and institutions should devote greater resources to building effective distance learning platforms and online courses

as well as development programs for faculty to teach these courses

- Virtual teaching programs can help medical students build their clinical competence during the pandemic

- Schools and institutions can supply students with resources, including counseling, peer advocacy, and social support [29, 48, 166].
Schools and institutions should make regular connections with medical students, and mentors should contact their students regu-
larly and help them if needed, especially those at higher risk of anxiety or depression, such as women and students with a lower GPA
or a history of mental health problems

« Medical schools and institutions should screen medical students to assess their mental health status and provide counseling

and referrals to professionals if risks are identified. Screening university students on a regular basis can help faculty to identify highly
anxious students early and guide them to receive help via targeted interventions that promote psychological well-being or services

like pastoral counseling, mental health support, and instruction in coping mechanisms [177]

- Mental health interventions should be included in the crisis response and should aim to destigmatize psychological problems,
encourage communication, and provide psychological support [135]

- Schools and institutions should identify those students who have a heavy financial burden and provide essential support to allevi-

ate this potential stressor

- Medical schools and institutions should provide mindfulness training or resilience-development programs for medical students
to help them relieve stress. Additionally, mindfulness-based therapy [178] and internet-based cognitive behavioral therapy (I-CBT)
can be useful to treat insomnia and stress among medical students [179, 180]. There is also a global need to implement strategies
to build coping skills and resilience in a crisis among medical students and to take measures to prepare them for a disaster [111]

- Clinical units should encourage students in clinical training to receive vaccines and maintain good health habits and should
provide necessary protective equipment and arrange appropriate clinical training environments to decrease the risk of infection

among medical students
Policymakers

- Policymakers should provide sufficient vaccines for medical students as a priority group. Adequate personal protective equipment

should also be provided for health care workers and medical students

- Measures must be taken to make the confinement period as short as possible

- Authorities should implement policies to promote and build distance learning platforms as well as resilience-development pro-
grams. Disaster medicine training and curricula should be used globally to improve students'knowledge, attitudes, and skills

- Medical students can certainly contribute to the community, health care system, and society; however, mobilization of medical
students to help in the COVID-19 response must be voluntary

- The provision of effective social support is critical during a pandemic. Presenting effective examples from other countries might
help medical students to overcome psychological distress associated with the COVID-19 pandemic

“mental health” or “mental wellness”) in the search
strategy might have an influence on the search results.
Therefore, the possibility remains that some unidenti-
fied or unpublished articles and gray literature were not
included in our study. Moreover, because the search
was limited to English language, studies in other lan-
guages were not included. Furthermore, medical stu-
dents were limited to M.D. and M.B.B.S. programs, so
some different programs for medical students might
not be included in the study.

Thirdly, many other factors that might have an influ-
ence on heterogeneity of the data, such as family his-
tory, family income, emotional trauma, residential area,
smoking, and substance use, were not included in this
study. Although our results revealed the prevalence of
anxiety and depression among medical students in some

countries and regions, data were lacking for other coun-
tries and regions.

Fourthly, the identification of anxiety symptoms or
depressive symptoms using a self-report questionnaire
is likely to be subjective so response bias is possible,
although the questionnaires used had good validity and
reliability. Further objective measures might be needed
to confirm the diagnoses. Lastly, longitudinal follow-
up studies are required to track the evolution of symp-
toms and measure the long-term mental health impacts
of the COVID-19 pandemic among medical students
worldwide.

Conclusions

This systematic review and meta-analysis highlighted
that medical students are at high risk of developing anxi-
ety and depression during the COVID-19 pandemic. A



Lin et al. BMC Psychology ~ (2024) 12:338

substantial proportion of medical students have experi-
enced adverse pandemic-related psychological impacts.
Appropriate strategies are needed to meet the psycho-
logical needs of this population and protect their mental
health status. Future studies are necessary to assess the
appropriateness of management strategies to treat and
prevent mental health disorders among medical students
during the COVID-19 pandemic.

Abbreviation

COVID-19  Coronavirus disease 2019

PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses
M.D Doctor of Medicine

M.B.BS Bachelor of Medicine and Bachelor of Surgery
REML Restricted maximum likelihood

MS Moderate and severe

GAD-7 Generalized Anxiety Disorder-7

BAI Beck Anxiety Inventory

STAI-6 State-Trait Anxiety Inventory-6

PHQ-9 Patients Health Questionnaire-9

SAS Zung Self-rating Anxiety Scale

SDS Zung Self-rating Depression Scale

BDHI Beck Depression Inventory-I|

HADS Hospital Anxiety and Depression Scale

DASS Depression, Anxiety and Stress Scale

CES-D Center for Epidemiology Studies for Depression scale
VAS Visual Analogue Scale
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