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A B S T R A C T   

The COVID-19 pandemic and its accompanying infection control measures introduced significant disruptions to 
the routines of many higher education students around the world. It also deprived them of in-person counselling 
services and social support. These changes have put students at a greater risk of developing mental illness. The 
objective of this review is to assess the prevalence of depressive symptoms, anxiety symptoms and sleep dis
turbances in higher education students during the pandemic. A systematic search of English and Chinese data
bases was conducted current to January 1st, 2021. The quality of included studies was evaluated using a modified 
Newcastle-Ottawa scale. Prevalence of depressive symptoms, anxiety symptoms and sleep disturbances were 
pooled using random-effects meta-analysis. Eighty-nine studies (n=1,441,828) were included. The pooled 
prevalence of depressive symptoms, anxiety symptoms, and sleep disturbances was 34%, 32% and 33%, 
respectively. The prevalence values differ based on geographical regions, diagnostic criteria, education level, 
undergraduate year of study, financial situation, living arrangements and gender. Overall, the prevalence of 
depressive symptoms and anxiety symptoms synthesized in this study was higher compared to pre-pandemic 
prevalence in similar populations. Evidently, mental health screening and intervention should be a top prior
ity for universities and colleges during the pandemic.   

1. Introduction 

In December 2019, a series of acute, atypical respiratory diseases was 
identified in Wuhan, China. The illness was attributed to a novel coro
navirus, the severe acute respiratory syndrome coronavirus-2 (SARS- 
CoV-2), and the disease it causes was named the coronavirus disease 
2019 (COVID-19) (Lotfi et al., 2020; Yuki et al., 2020; Zhai et al., 2020). 
This disease is highly infectious (Ryu et al., 2020); with a basic repro
duction number (R0) of 3.28 (Liu et al., 2020), COVID-19 quickly spread 
to countries around the world. As a result, the World Health Organiza
tion (WHO) declared COVID-19 as a global pandemic on March 11th, 
2020 (Shereen et al., 2020; World Health Organization, 2021). Since its 
discovery, there have been nearly 92 million confirmed cases and two 

million deaths in over 200 countries (Johns Hopkins University, 2021 
COVID-19 Map). 

With no effective treatment available for COVID-19, governments 
have since implemented various pandemic control measures, such as 
quarantine and social distancing guidelines, to control the spread of the 
pandemic (Sheikh et al., 2020). Some countries even enforced manda
tory curfews during the early stages of the pandemic (Khatatbeh, 2020). 
Although these measures may help prevent the spread of SARS-CoV-2, 
they have inevitably led to the termination of social gatherings, 
closure of many small businesses (Fairlie, 2020), as well as increased 
prevalence of financial difficulties due to layoffs (Bartik et al., 2020) and 
medical expenses (Barnett et al., 2020). In the United States (US) alone, 
more than 20 million people filed for unemployment between the start 
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of COVID-19 and mid-April of 2020 (Ettman et al., 2020). It is evident 
that the pandemic has introduced significant disruptions and stressors to 
the daily lives of the general public. As such, it is important to highlight 
the impact of the pandemic on mental health and psychological well
ness, in addition to the physiological implications of COVID-19. 

Previous studies investigating the effect of disasters on mental health 
have found that large-scale traumatic events that carry economic and 
social consequences are associated with an increased burden of mental 
illnesses in the affected populations (Goldmann and Galea, 2014). These 
correlations have remained true for this ongoing pandemic, as multiple 
studies had suggested that the prevalence of mental health disorders, 
such as depression and anxiety, has increased among the general pop
ulation compared to pre-pandemic data (Ettman et al., 2020; Salari 
et al., 2020). For example, a cross-sectional study found that the prev
alence of depression among US adults was 27.8% during the pandemic 
as compared to 8.5% before the pandemic (Ettman et al., 2020). These 
figures may be even higher in at-risk populations with additional 
stressors, as a previous review found the prevalence of depression to be 
as high as 45% in COVID-19 patients (J. Deng et al., 2020) and a survey 
found the prevalence of depression in front-line health care workers to 
be 50.4% in COVID-19 affected regions of China (J. Lai et al., 2020). 

Apart from COVID-19 patients and health care workers, higher ed
ucation students are another population that is particularly vulnerable 
to developing mental health disorders during this pandemic. Even under 
non-pandemic circumstances, university and college students can 
experience considerable anxiety and depression due to factors such as 
academic pressure and financial difficulties (Saleh et al., 2017). As 
shown in an international meta-analysis, the prevalence of depression 
among pre-pandemic university students worldwide was 30.6% (Ibra
him et al., 2013). This figure is substantially higher than the depression 
prevalence of 12.9% in the pre-pandemic, global population (Lim et al., 
2018). As a direct result of the pandemic and its associated control 
measures, higher education students can expect to face worsened mental 
health challenges due to drastic deviations from their normal routines as 
they transition to an online learning environment. These challenges may 
be further exacerbated by social distancing guidelines, which deprive 
students of valuable in-person mental health resources and support 
services offered by their universities, as well as their family and friends. 
The resultant psychological distress may further develop into compli
cations such as a decrease in self-esteem or self-efficacy (Saleh et al., 
2017); if left unnoticed or untreated, these complications may poten
tially lead to severe consequences, such as suicidal ideations or other 
mental illnesses (Arria et al., 2009). 

Despite the risk of increased prevalence of psychological disorders in 
higher education students, there is currently a lack of evidence synthesis 
regarding this topic. Therefore, we conducted a systematic review and 
meta-analysis to examine the prevalence of depressive symptoms, anx
iety symptoms, and sleep disturbances in higher education students to 
better understand the impact of the COVID-19 pandemic on the mental 
health of this vulnerable population. We also aimed to identify possible 
risk factors that correlate with a higher prevalence of mental health is
sues in higher education students. 

2. Methods 

We conducted this systematic review and meta-analysis in accor
dance to the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) framework (Moher et al., 2009) (see Table S1 
for the PRISMA checklist) and followed recommendations from the 
Cochrane Handbook for Systematic Reviews of Interventions (Higgins 
and Green, 2008). This systematic review was prospectively registered 
on PROSPERO (Booth et al., 2012) (CRD42020192087). 

2.1. Literature search 

We searched the following databases from January 1st, 2020 to 
January 1st, 2021 for relevant studies: 1) MEDLINE, 2) EMBASE, 3) 
PubMed, 4) Web of Science, 5) Cumulative Index of Nursing and Allied 
Health Literature (CINAHL) and 6) APA PsycInfo. Moreover, we 
searched the following Chinese databases using a Chinese search strat
egy from January 1st, 2020 to January 1st, 2021: 1) Wanfang Data, 2) 
Wanfang Med Online, 3) China National Knowledge Infrastructure 
(CNKI), and 4) Chongqing VIP Information (CQVIP). The English and 
Chinese search strategies used for the database searches are appended in 
Table S2 and Table S3, respectively. In addition to the database 
searches, we hand-searched the reference sections of relevant reviews 
identified during the database search for relevant studies. 

2.2. Eligibility criteria 

Studies were included in the systematic review if they satisfied the 
following inclusion criteria: 1) sampled university or college students, 
including students enrolled in diploma, undergraduate/bachelor or 
graduate/doctorate studies in areas affected by COVID-19, and 2) re
ported the prevalence of depressive symptoms, anxiety symptoms and/ 
or sleep disturbances. As medical and nursing students may be at greater 
risk for developing mental health issues from working in clinical envi
ronments and coming into close proximity with patients (Chandratre, 
2020), we did not include studies that specifically sampled medical and 
nursing students to prevent possible overestimations of the overall 
prevalence. We also excluded studies that specifically defined students 
with known mental health disorders as their target populations. 

We included all primary observational research studies, including 
longitudinal cohort, cross-sectional, and case-control studies with a 
sample size of ≥10 participants. We did not place limitations on the age 
or gender of the included students nor on the publications’ language or 
country of origin. 

2.3. Study selection 

We screened titles and abstracts retrieved from the database search 
in duplicate using Rayyan (https://rayyan.qcri.org/) (Ouzzani et al., 
2016). Articles deemed relevant by at least two reviewers, based on the 
above eligibility criteria, were entered into an in-duplicate full-text 
screening process. We recruited a senior author (JD) for arbitration 
when we encountered disagreements. Fig. 1 shows the PRISMA flow 
diagram of our study identification and selection processes (Liberati 
et al., 2009). 

2.4. Data extraction 

We performed data extraction in duplicate using a standardized data 
extraction form developed a priori. The form included: 1) author names, 
2) publication title, 3) publication date, 4) digital object identifier, 5) 
country of origin, 6) study design, 7) sample size, 8) demographic in
formation of study participants, i.e., mean/median age, gender, study 
discipline and education level, 9) screening tools and cutoff values used 
for identifying the presence of depressive symptoms, anxiety symptoms 
and sleep disturbances, 10) prevalence of depressive symptoms, anxiety 
symptoms and/or sleep disturbances, and 11) relevant subgroup data. 
We made attempts to contact the principal investigators of studies with 
unclear or missing information to obtain relevant, unpublished data. 

For longitudinal studies that reported the prevalence of depressive 
symptoms, anxiety symptoms and/or sleep disturbances at multiple time 
points, we only extracted the prevalence values at the earliest time 
point. 

J. Deng et al.                                                                                                                                                                                                                                     
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2.5. Quality assessment 

We assessed the quality of our included studies using a modified 
version of the Newcastle-Ottawa Quality Assessment Scale adapted for 
cross-sectional studies (Modesti et al., 2016), which is similar in format 
to the scale used in previous meta-analyses (J. Deng et al., 2020; Pappa 
et al., 2020). The modified scale evaluated study quality based on five 
domains: 1) representativeness of the sample (the inclusion of all sub
jects or the use of random sampling), 2) sample size (justified using 
methods such as power analysis), 3) non-respondents (response rate is 
≥80%), 4) valid measurement tools (appropriate screening tools used to 
evaluate depressive symptoms or anxiety symptoms), and 5) appropriate 
statistical analysis (appropriate and clearly described statistical tests). 
The total quality score ranged between 0 and 5; studies scoring ≥3 

points were regarded as having a low risk of bias, while studies with <3 
points were regarded as having a high risk of bias. 

2.6. Statistical analysis 

We conducted all statistical analyses using R 4.0.2 (https://www. 
r-project.org/). We performed random effect meta-analysis using the 
meta 4.12 library (https://cran.r-project.org/web/packages/meta/) 
(Fleiss, 1993). To avoid variance instability when the prevalence trends 
toward 0% or 100%, as well as to prevent confidence intervals (CIs) from 
extending beyond 0% and 100%, we transformed the prevalence values 
extracted from each study using the Freeman-Tukey double arcsine 
method for prevalence pooling (Barendregt et al., 2013). We then con
verted the results back to prevalence values with 95% CIs for ease of 

Fig. 1. PRISMA flowchart for the identification and selection of observational studies. 
Abbreviations: CINAHL Cumulative Index to Nursing and Allied Health Literature; CNKI Chinese National Knowledge Infrastructure; CQVIP Chongqing VIP 
Information. 
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interpretation. 
We used the Cochran’s Q test, with a significance level of p<0.10, to 

assess the presence of heterogeneity as recommended by the Cochrane 
Handbook (Higgins et al., 2003). We then quantified heterogeneity 
using I2 statistics (Higgins et al., 2003; Higgins and Green, 2008). An I2 

value ≥75% was considered to indicate serious heterogeneity, as rec
ommended by the Cochrane Handbook (Higgins and Green, 2008). 

2.7. Publication bias 

We used funnel plots and Egger’s regression tests to assess the 
presence of small study effects as an indication for publication bias 
(Egger et al., 1997; Higgins and Green, 2008). 

2.8. Meta-regression 

We performed meta-regression analyses to assess correlations be
tween the pooled prevalence and study level covariates. We prospec
tively chose mean age and the date on which the study was conducted 
(expressed as the last day of the study duration as the number of months 
since January 1st, 2020) as our covariates of interest. 

2.9. Subgroup analysis 

As studies conducted before the pandemic have identified several 
factors that may impact mental health in higher education students, 
including gender (Ahern and Norris, 2011; Cruz et al., 2013; Sham
suddin et al., 2013), financial difficulties (Cooke et al., 2004; McCloud 
and Bann, 2019), level of social support (Alsubaie et al., 2019; Hefner 
and Eisenberg, 2009), education level (i.e., diploma vs. undergraduate 
vs. graduate) (Wyatt and Oswalt, 2013) and geographical regions (L. 
Gao et al., 2020; Lei et al., 2016; Sarokhani et al., 2013), we performed 
subgroup analyses by the following factors: 1) gender, 2) existence of 
financial difficulties, such as low income or poor financial backgrounds, 
3) living alone vs. living with family and/or friends, 4) education level, 
and 5) by geographical region/country. In addition, we performed 
out-of-protocol subgroup analyses by years of undergraduate study, as 
undergraduate students made up a majority of our sample size. 

We also performed subgroup analyses by different screening tools 
and cutoff values as well as validated vs. unvalidated screening tools to 
examine differences in prevalence values yielded by different screening 
tools. 

2.10. Sensitivity analysis 

We performed sensitivity analyses using the leave-one-out method. 
Studies were iteratively removed, one at a time, from the analysis, and 
the pooled prevalence and I2 of the remaining studies were calculated to 
identify single studies which severely affected the pooled prevalence or 
heterogeneity. 

3. Results 

3.1. Study characteristics 

We included 89 studies (Amatori et al., 2020; Aslan et al., 2020; 
Aylie et al., 2020; Benham, 2020; Biber et al., 2020; Bourion-Bédès et al., 
2021; Chang et al., 2020; Chen et al., 2020; Chi et al., 2020; B. Deng 
et al., 2020; C.-H. Deng et al., 2020; Dhar et al., 2020; Díaz-Jiménez 
et al., 2020; Ding and Hu, 2020; Dong, 2020; Dratva et al., 2020; Du 
et al., 2020; Essadek and Rabeyron, 2020; Fan and Yu, 2020a, 2020b; 
Fan et al., 2020; Fawaz and Samaha, 2020; Fu et al., 2021a; Gavurova 
et al., 2020; Ge et al., 2020; Ghazawy et al., 2020; Graupensperger et al., 
2020; Gritsenko et al., 2020; Han et al., 2020; Islam et al., 2020; Jiang 
and Li, 2020; Ji et al., 2020; Khoshaim et al., 2020; A. Y.-K. Lai et al., 
2020; Liang et al., 2020; Lian et al., 2020; Lin et al., 2020a; Lin and Xu, 

2020; Liu, 2020; Li et al., 2020; L. Ma et al., 2020; Z. Ma et al., 2020a; 
Naser et al., 2020; Nurunnabi et al., 2020; Ozamiz-Etxebarria et al., 
2020; Pavithra and Dheepak Sundar, 2020; Perz et al., 2020; Qiu et al., 
2020; Ren et al., 2020; Rogowska et al., 2020a, 2020b; Rudenstine et al., 
2020; Saddik et al., 2020; Salman et al., 2020; Sañudo et al., 2020; 
Sayeed et al., 2020; Scotta et al., 2020; Sundarasen et al., 2020; Tang 
et al., 2020; Tasnim et al., 2020; Thahir et al., 2020; Van Der 
Feltz-Cornelis et al., 2020; Verma, 2020; C. Wang et al., 2020a; Wang 
and Zhao, 2020a; S. Wang et al., 2020c; X. Wang et al., 2020; Wang, 
2020; Y. Wang et al., 2020d; Z.-H. Wang et al., 2020a; Wathelet et al., 
2020; B. B. Wu et al., 2020; T. H. Wu et al., 2020; Xiang et al., 2020; Xiao 
et al., 2020; Xia and Li, 2020; Xu and Li, 2020; X. J. Yang et al., 2020; Y. 
Y. Yang et al., 2020; Ye et al., 2020; Yi et al., 2020; Yue et al., 2020; B. 
Zhang et al., 2020; J. Zhang et al., 2020; L. L. Zhang et al., 2020; X. Y. 
Zhang et al., 2020; Y. Zhang et al., 2020; Zhao et al., 2020; Zhao, 2020) 
with 1,441,828 higher education students in our analysis (see Fig. 1). 
The characteristics of our included studies are tabulated in Table 1. The 
median number of students with valid responses of the included studies 
was 1,172 (range 20 to 746,217), with a median male representation of 
37.0% (range 9.9% to 67.2%). The median questionnaire response rate 
was 94.9% (range 1.2% to 100.0%). 

Eighty-four studies (94.4%) were cross-sectional studies with two 
studies (2.2%) being repeated cross-sectional studies, while 5 studies 
(5.6%) were longitudinal studies. The majority of studies (51 studies, 
57.3%) originated from China. Five studies (5.6%) originated from the 
United States of America (USA), 4 studies (4.5%) originated from 
Bangladesh, 3 studies (3.4%) originated from France, 3 studies (3.4%) 
originated from Spain, and 2 studies (2.2%) originated from India. We 
also included students from Jordan, Malaysia, Saudi Arabia, Italy, 
Ukraine, Lebanon, Indonesia, Poland, Turkey, United Arab Emirates 
(UAE), Argentina, Egypt, Pakistan, Ethiopia, Slovakia, Switzerland, and 
the United Kingdom (UK) with one study from each country. Lastly, 
there were 4 multinational studies that reported relevant data for stu
dents from Russia, Belarus, South Korea, China, Japan, Ireland, 
Malaysia, Taiwan, Netherlands, USA and UK. 

3.2. Quality of included studies 

The modified Newcastle-Ottawa quality score of the included studies 
is shown in Table 2. The median quality score was 3 (range 1 to 5). Fifty- 
six studies (62.9%) were high quality studies with scores ≥3, while 33 
studies were of low quality with scores <3. Major reasons for down
grading of quality ratings included the use of convenience sampling 
(instead of random sampling) and a lack of justification for target sample 
sizes (e.g. by using power calculations). 

3.3. Prevalence of depressive symptoms 

The pooled prevalence of depressive symptoms of 52 studies 
(n=1,277,755) was 34% (95% CI 30-38%). There was significant 
between-study heterogeneity (I2=100%, PQ<0.01). 

3.4. Prevalence of anxiety symptoms 

The pooled prevalence of anxiety symptoms of 69 studies 
(n=1,094,240) was 32% (95% CI 26-38%). There was significant 
between-study heterogeneity (I2=100%, PQ<0.01). 

3.5. Prevalence of sleep disturbances 

The prevalence of sleep disturbances was assessed in 14 studies 
(n=22,297) with a pooled prevalence of 33% (95% CI 22-44%). There 
was significant between-study heterogeneity (I2=100%, PQ<0.01). 
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Table 1 
Characteristics of Included Studies  

Study Citation Country Study Design Response 
Rate (%) 

Sample Size 
(n) 

Male 
(%) 

Age (mean ± 
SD) 

Screening Tools and Cutoff Values 
Depression Anxiety Sleep 

Disturbances 

2020 Amatori (Amatori et al., 2020) Italy Cross-Sectional 64 159 58 23.0 ± 4.0 PHQ-9 ≥ 5 - - 
2020 Aslan (Aslan et al., 2020) Turkey Cross-Sectional 3 358 42 23.0 PHQ-8 ≥ 10 GAD-7 ≥ 10 - 
2020 Aylie (Aylie et al., 2020) Ethiopia Cross-Sectional 98 314 37 22.6 ± 2.8 DASS-21D ≥ 10 DASS-21A ≥ 8 - 
2020 Benham (Benham, 2020) USA Repeated Cross- 

Sectional 
- 450 (T1), 

345 (T2) 
27 21.1 ± 4.4 (T1), 

22.7 ± 6.0 (T2) 
- - PSQI > 5 

2020 Biber (Biber et al., 2020) USA Cross-Sectional 50 1640 39 - - GAD-7 ≥ 5 - 
2020 Bourion- 

Bédès 
(Bourion-Bédès et al., 
2021) 

France Cross-Sectional - 3936 29 21.7 ± 4.0 - GAD-7 ≥ 5 - 

2020 Chang (Chang et al., 2020) China Cross-Sectional 91 3881 37 20a PHQ-9 ≥ 5 GAD-7 ≥ 5 - 
2020 Chen (Chen et al., 2020) China Cross-Sectional 89 323489 40 - PHQ-9 ≥ 10 - - 
2020 Chi (Chi et al., 2020) China Cross-Sectional 96 2038 37 20.6 ± 1.9 PHQ-9 ≥ 10 SAS ≥ 50 - 
2020 Deng A (B. Deng et al., 2020b) China Cross-Sectional 99 517 26 - - SAS ≥ 50 - 
2020 Deng B (C.-H. Deng et al., 2020a) China Cross-Sectional 96 1607 65 - DASS-21D ≥ 10 DASS-21A ≥ 7 - 
2020 Dhar (Dhar et al., 2020) Bangladesh Cross-Sectional - 15543 67 - - GAD-7 ≥ 5 - 
2020 Díaz- 

Jiménez 
(Díaz-Jiménez et al., 
2020) 

Spain Cross-Sectional 20 365 10 23.2 ± 6.2 - DASS-21A ≥ 8 - 

2020 Ding (Ding and Hu, 2020) China Cross-Sectional 95 3055 46 - Custom 
Questionnaire 

Custom 
Questionnaire 

- 

2020 Dong (Dong, 2020) China Cross-Sectional 97 4085 23 18.9 ± 0.6 SCL-90 (Depression 
Domain) ≥ 2 

SCL-90 (Anxiety 
Domain) ≥ 2 

- 

2020 Dratva (Dratva et al., 2020) Switzerland Cross-Sectional 18 2223 33 26.4 ± 5.6 - GAD-7 ≥ 10 - 
2020 Du (Du et al., 2020) China, Ireland, Malaysia, 

Taiwan, South Korea, 
Netherlands, USA 

Cross-Sectional - 2254 31 22.5 ± 5.5 - GAD-7 ≥ 10 PSQI > 5 

2020 Essadek (Essadek and Rabeyron, 
2020) 

France Cross-Sectional 13 8004 33 21.7 PHQ-9 ≥ 10 GAD-7 ≥ 7 - 

2020 Fan A (Fan et al., 2020) China Cross-Sectional 97 4148 27 20.6 ± 1.5 - SAS ≥ 50 - 
2020 Fan B (Fan and Yu, 2020a) China Cross-Sectional 93 932 47 - - - PSQI > 7 
2020 Fan C (Fan and Yu, 2020b) China Longitudinal - 406 - - - SAS ≥ 50 - 
2020 Fawaz (Fawaz and Samaha, 

2020) 
Lebanon Cross-Sectional 84 520 39 21.0 ± 2.7 DASS-21D ≥ 10 DASS-21A ≥ 8 - 

2020 Feltz- 
Cornelis 

(Van Der Feltz-Cornelis 
et al., 2020) 

UK Cross-Sectional 5 925 26 27.5 PHQ-9 ≥ 10 GAD-7 ≥ 10 - 

2020 Fu (Fu et al., 2021b) China Cross-Sectional - 89588 44 - - GAD-7 ≥ 5 - 
2020 Gavurova (Gavurova et al., 2020) Slovakia Cross-Sectional 84 1523 36 - PHQ-9 ≥ 5 - - 
2020 Ge (Ge et al., 2020) China Cross-Sectional 80 2009 49 - - GAD-7 ≥ 7 ISI > 14 
2020 Ghazawy (Ghazawy et al., 2020) Egypt Cross-Sectional - 1335 38 - DASS-21D ≥ 10 DASS-21A ≥ 8 - 
2020 

Graupensperger 
(Graupensperger et al., 
2020) 

USA Cross-Sectional 58 135 37 19.8 ± 1.4 PROMIS-8D T-Score 
≥ 55 

- - 

2020 Gritsenko (Gritsenko et al., 2020) Russia, Belarus Cross-Sectional - 939 19 21.8 ± 5.4 FCV-19S - - 
2020 Han (Han et al., 2020) China Cross-Sectional 93 405 33 - DASS-21D ≥ 10 DASS-21A ≥ 8 - 
2020 Islam (Islam et al., 2020) Bangladesh Cross-Sectional 95 476 67 - PHQ-9 ≥ 5 GAD-7 ≥ 5 - 
2020 Ji (Ji et al., 2020) China Cross-Sectional 98 515 24 - - - PSQI ≥ 8 
2020 Jiang (Jiang and Li, 2020) China Cross-Sectional 96 472 42 - - SCL-90 (Anxiety 

Domain) ≥ 2 
- 

2020 Khoshaim (Khoshaim et al., 2020) Saudi Arabia Cross-Sectional 8 400 25 - - SAS ≥ 45 - 
2020 Lai (A. Y.-K. Lai et al., 2020) UK, USA Cross-Sectional - 124 36 - - - ISI ≥ 15 
2020 Li (Li et al., 2020) China Cross-Sectional 96 1000 - 21.8 ± 2.5 - SAS ≥ 50 - 
2020 Lian (Lian et al., 2020) China Cross-Sectional 96 1437 55 - SCL-90 (Depression 

Domain) ≥ 2 
SCL-90 (Anxiety 
Domain) ≥ 2 

- 

2020 Liang (Liang et al., 2020) China Cross-Sectional 1 4164 52 - PHQ-9 ≥ 5 - - 
2020 Lin A (Lin et al., 2020b) China Cross-Sectional - 625 35 20.2 ± 1.9 CES-D ≥ 16 - - 

(continued on next page) 
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Table 1 (continued ) 

Study Citation Country Study Design Response 
Rate (%) 

Sample Size 
(n) 

Male 
(%) 

Age (mean ± 
SD) 

Screening Tools and Cutoff Values 
Depression Anxiety Sleep 

Disturbances 

2020 Lin B (Lin and Xu, 2020) China Cross-Sectional 98 1297 44 - PHQ-9 ≥ 5 GAD-7 ≥ 5 - 
2020 Liu (Liu, 2020) China Cross-Sectional 96 191 - - SCL-90 (Depression 

Domain) ≥ 2 
SCL-90 (Anxiety 
Domain) ≥ 2 

- 

2020 Ma A (L. Ma et al., 2020) China Cross-Sectional 97 516 53 20.8 ± 1.4 SCL-90 (Depression 
Domain) ≥ 2 

SCL-90 (Anxiety 
Domain) ≥ 2 

- 

2020 Ma B (Z. Ma et al., 2020b) China Cross-Sectional 91 746217 44 - PHQ-9 ≥ 7 GAD-7 ≥ 7 - 
2020 Naser (Naser et al., 2020) Jordan Cross-Sectional - 1165 46 - PHQ-9 ≥ 5 GAD-7 ≥ 5 - 
2020 Nurunnabi (Nurunnabi et al., 2020) China Cross-Sectional - 559 40 - - Custom 

Questionnaire 
- 

2020 Ozamiz- 
Etxebarria 

(Ozamiz-Etxebarria et al., 
2020) 

Spain Longitudinal 92 44 16 19.5 - GAD-7 ≥ 7 - 

2020 Pavithra (Pavithra and Dheepak 
Sundar, 2020) 

India Cross-Sectional - 396 46 - - - Custom 
Questionnaire 

2020 Perz (Perz et al., 2020) USA Cross-Sectional - 237 27 30.3 ± 10.2 - GAD-7 ≥ 5 - 
2020 Qiu (Qiu et al., 2020) China Cross-Sectional 98 1100 29 - - GAD-7 ≥ 5 - 
2020 Ren (Ren et al., 2020) China Cross-Sectional - 4560 27 21.1 ± 1.4 SDS ≥ 53 - - 
2020 Rogowska A (Rogowska et al., 2020b) Ukraine Cross-Sectional 98 1512 31 - PHQ-9 ≥ 10 GAD-7 ≥ 10 - 
2020 Rogowska B (Rogowska et al., 2020a) Poland Cross-Sectional 100 914 57 23.0 ± 2.6 - GAD-7 ≥ 10 - 
2020 Rudenstine (Rudenstine et al., 2020) USA Cross-Sectional 62 1821 27 -b PHQ-9 ≥ 5 GAD-7 ≥ 5 - 
2020 Saddik (Saddik et al., 2020) UAE Longitudinal 93 1090 28 20.5 ± 2.3 - GAD-7 ≥ 10 - 
2020 Salman (Salman et al., 2020) Pakistan Cross-Sectional - 1134 30 21.7 ± 3.5 PHQ-9 ≥ 10 GAD-7 ≥ 10 - 
2020 Sañudo (Sañudo et al., 2020) Spain Cross-Sectional 14 20 55 22.6 ± 3.4 - - PSQI > 5 
2020 Sayeed (Sayeed et al., 2020) Bangladesh Cross-Sectional - 589 66 - DASS-21D ≥ 10 DASS-21A ≥ 7 - 
2020 Scotta (Scotta et al., 2020) Argentina Cross-Sectional - 584 18 22.5 ± 6.3 - - ISI ≥ 15 
2020 Sundarasen (Sundarasen et al., 2020) Malaysia Cross-Sectional 93 983 34 - - SAS ≥ 45 - 
2020 Tang (Tang et al., 2020) China Cross-Sectional 69 2485 39 19.8 ± 1.6 PHQ-9 ≥ 10 - - 
2020 Tasnim (Tasnim et al., 2020) Bangladesh Cross-Sectional 98 3331 59 21.4 ± 1.9 DASS-21D > 14 DASS-21A > 10 Custom 

Questionnaire 
2020 Thahir (Thahir et al., 2020) Indonesia Cross-Sectional - 1044 17 21.1 ± 2.4 KADS-6 ≥ 6 - - 
2020 Verma (Verma, 2020) India Cross-Sectional - 131 48 - PHQ-9 ≥ 5 GAD-7 ≥ 5 - 
2020 Wang A (Wang, 2020) China Cross-Sectional 100 3178 28 - - HAM-A ≥ 7 - 
2020 Wang B (Wang and Zhao, 2020) China Cross-Sectional 95 3611 40 - - SAS ≥ 50 - 
2020 Wang C (Z.-H. Wang et al., 2020) China Cross-Sectional 80 44447 45 21.0 ± 2.4 CES-D ≥ 28 SAS ≥ 50 - 
2020 Wang D (S. Wang et al., 2020c) China Cross-Sectional - 1365 40 -c - SAS ≥ 50 - 
2020 Wang E (X. Wang et al., 2020) China Cross-Sectional - 3092 34 - - GAD-7 ≥ 5 SRSS ≥ 23 
2020 Wang F (C. Wang et al., 2020b) China Longitudinal 31 1172 39 - - SAS ≥ 50 - 
2020 Wang G (Y. Wang et al., 2020d) China Cross-Sectional 89 3179 30 - PHQ-9 ≥ 5 GAD-7 ≥ 5 - 
2020 Wathelet (Wathelet et al., 2020) France Cross-Sectional 4 69054 28 -d BID-13 ≥ 16 STAI ≥ 56 - 
2020 Wu A (B. B. Wu et al., 2020) China Cross-Sectional 95 807 51 - SCL-90 (Depression 

Domain) ≥ 2 
SCL-90 (Anxiety 
Domain) ≥ 2 

- 

2020 Wu B (T. H. Wu et al., 2020) China Cross-Sectional - 11787 43 20.5 ± 1.8 - GAD-7 ≥ 5 - 
2020 Xia (Xia and Li, 2020) China Cross-Sectional 100 1186 17 - - EAS ≥ 40 - 
2020 Xiang (Xiang et al., 2020) China Cross-Sectional 60 1396 63 20.7 ± 1.8 SDS ≥ 50 SAS ≥ 50 - 
2020 Xiao (Xiao et al., 2020) China Cross-Sectional 100 3966 40 - PHQ-9 ≥ 5 - - 
2020 Xu (Xu and Li, 2020) China Cross-Sectional 97 6891 31 - SDS ≥ 53 SAS ≥ 50 - 
2020 Yang A (Y. Y. Yang et al., 2020) China Cross-Sectional 93 1667 48 20.6 ± 2.0 PQEEPH PQEEPH - 
2020 Yang B (X. J. Yang et al., 2020) China Cross-Sectional 94 4139 35 - PHQ-9 ≥ 5 GAD-7 ≥ 5 - 
2020 Ye (Ye et al., 2020) China Cross-Sectional 96 5532 56 - Custom 

Questionnaire 
Custom 
Questionnaire 

Custom 
Questionnaire 

2020 Yi (Yi et al., 2020) China Cross-Sectional 91 393 31 21.7 ± 0.9 SDS ≥ 53 SAS ≥ 50 - 
2020 Yue (Yue et al., 2020) China Cross-Sectional 100 737 29 - - Custom 

Questionnaire 
- 

2020 Zhang A (Y. Zhang et al., 2020) China Longitudinal 100 66 38 20.7 ± 2.1 DASS-21D ≥ 10 DASS-21A ≥ 8 PSQI > 5 

(continued on next page) 
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3.6. Publication bias 

There was no evidence of small study effects as an indication for 
publication bias in any of our study outcomes (Egger’s test, p=0.42, 
p=0.46, p=0.45 for the prevalence of depressive symptoms, anxiety 
symptoms, and sleep disturbances, respectively; see Fig. S1). 

3.7. Sensitivity analysis 

The maximum effect of omitting a study on the pooled prevalence of 
depressive symptoms and pooled prevalence of anxiety symptoms was 
1%, while the maximum effect was 3% for the pooled prevalence of 
sleep disturbances. Omitting single studies had no effect on the I2 value 
for any of our outcomes. 

3.8. Meta-regression analysis 

There were significant, positive correlations between study date and 
the pooled depressive symptoms and anxiety symptoms prevalences 
(p<0.01, β=0.06 [95% CI 0.02-0.09] for pooled depressive symptoms 
prevalence; p<0.01, β=0.04 [95% CI 0.02-0.07] for pooled anxiety 
symptoms prevalence). In addition, there was a significant, positive 
correlation between mean age and pooled depressive symptoms preva
lence (p<0.01, β=0.07 [95% CI 0.02-0.12]). There were no other sig
nificant correlations observed in our meta-regression analyses. 

3.9. Subgroup analysis 

Results of the subgroup analysis of the prevalence of depressive 
symptoms, anxiety symptoms, and sleep disturbances by gender, 
financial situation, living arrangements, education level, undergraduate 
year of study, severity, and country is summarized and tabulated in 
Table 3. Results of the subgroup analysis by screening tools and diag
nostic criteria is listed in Fig. 2-4. Citations of studies included in each 
subgroup is listed in Table 4. 

3.9.1. Screening tools for assessment of depressive symptoms 
The results of the subgroup analysis by depressive symptoms 

screening tools and diagnostic criteria is listed in Fig. 2. The most 
commonly used diagnostic criteria was Patient Health Questionnaire-9 
(PHQ-9)≥5 with a pooled prevalence of 49% based on 15 studies. 
Other commonly used criteria included PHQ-9≥10, which yielded a 
prevalence of 28% based on 7 studies; Depression Anxiety Stress Scales 
depression subscale (DASS-21D)≥10, which yielded a prevalence of 
35% based on 7 studies; Symptom Checklist-90 (SCL-90) (depression 
domain)≥2, which yielded a prevalence of 17% based on 5 studies; and 
Zung Self-Rating Depression Scale (SDS)≥53, which yielded a preva
lence of 35% based on 4 studies. There was no substantial reduction in 
heterogeneity for any of the subgroups. There were significant subgroup 
differences between different diagnostic criteria subgroups (p<0.01). 

Forty-eight studies used validated screening tools and yielded a 
pooled depressive symptoms prevalence of 36% (95% CI 32-40%, 
I2=100%), which is similar to the overall pooled prevalence. Four 
studies used unvalidated, custom questionnaires. One of these studies 
(Y. Y. Yang et al., 2020) used the Psychological Questionnaire for 
Emergent Events of Public Health (PQEEPH) which was used in other 
mental health studies regarding COVID-19 (Duan et al., 2020; Qi et al., 
2020), however we were not able to identify any relevant validation 
studies. Collectively, these four studies yielded a pooled depressive 
symptoms prevalence of 12% (95% CI 9-14%, I2=91%). There were 
significant subgroup differences between the prevalence estimates from 
validated versus unvalidated scales (p<0.01, see Fig. S2). 

3.9.2. Screening tools for assessment of anxiety symptoms 
For anxiety symptom screening tools (see Fig. 3), 17 studies used the 

criteria of General Anxiety Disorder-7 (GAD-7)≥5 and yielded a pooled Ta
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Table 2 
Quality ratings of included studies using the modified Newcastle-Ottawa Scale  

Study Representativeness Sample Size Non-Respondents Valid Measurement Tool Valid Statistical Methods Score 

2020 Amatori    * * 2 
2020 Aslan  *  * * 3 
2020 Aylie * * * * * 5 
2020 Benham    * * 2 
2020 Biber    * * 2 
2020 Bourion-Bédès    * * 2 
2020 Chang   * * * 3 
2020 Chen   * * * 3 
2020 Chi *  *  * 3 
2020 Deng A   * * * 3 
2020 Deng B   * * * 3 
2020 Dhar *  *  * 3 
2020 Díaz-Jiménez    * * 2 
2020 Ding  *  * * 3 
2020 Dong   * * * 3 
2020 Dratva *   * * 3 
2020 Du    * * 2 
2020 Essadek  * * * * 4 
2020 Fan A    * * 2 
2020 Fan B    * * 2 
2020 Fan C   * * * 3 
2020 Fawaz   * * * 3 
2020 Feltz-Cornelis *   * * 3 
2020 Fu    * * 2 
2020 Gavurova   * * * 3 
2020 Ge *  *  * 3 
2020 Ghazawy    * * 2 
2020 Graupensperger *  * * * 4 
2020 Gritsenko   * * * 3 
2020 Han *  *  * 3 
2020 Islam *  *  * 3 
2020 Ji   * * * 3 
2020 Jiang   * * * 3 
2020 Khoshaim *   * * 3 
2020 Lai    * * 2 
2020 Li *  * * * 4 
2020 Lian *  * * * 4 
2020 Liang    * * 2 
2020 Lin A    * * 2 
2020 Lin B   * * * 3 
2020 Liu    * * 2 
2020 Ma A   * * * 3 
2020 Ma B *  * * * 4 
2020 Naser   *  * 2 
2020 Nurunnabi *    * 2 
2020 Ozamiz-Etxebarria   * * * 3 
2020 Pavithra     * 1 
2020 Perz    * * 2 
2020 Qiu *  * * * 4 
2020 Ren *   * * 3 
2020 Rogowska A   * * * 3 
2020 Rogowska B   * * * 3 
2020 Rudenstine   * * * 3 
2020 Saddik  * * * * 4 
2020 Salman    * * 2 
2020 Sanudo   * * * 3 
2020 Sayeed  *  * * 3 
2020 Scotta    * * 2 
2020 Sundarasen     * 1 
2020 Tang   * * * 3 
2020 Tasnim   *  * 2 
2020 Thahir    * * 2 
2020 Verma *  *  * 3 
2020 Wang A    * * 2 
2020 Wang B   * * * 3 
2020 Wang C   * * * 3 
2020 Wang D    * * 2 
2020 Wang E    * * 2 
2020 Wang F    * * 2 
2020 Wang G   * * * 3 
2020 Wathelet    * * 2 
2020 Wu A  * * * * 4 
2020 Wu B *   * * 3 
2020 Xia    * * 2 

(continued on next page) 
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prevalence of 49%. Other commonly used criteria include Zung Self- 
Rating Anxiety Scale (SAS)≥50, which yielded a prevalence of 16% 
based on 13 studies; GAD-7≥10, which yielded a prevalence of 32% 
based on 8 studies; SCL-90 (anxiety domain)≥2, which yielded a prev
alence of 22% based on 6 studies; Depression Anxiety Stress Scales 
anxiety subscale (DASS-21A)≥8, which yielded a prevalence of 46% 
based on 6 studies; and GAD-7≥7, which yielded a prevalence of 25% 
based on 4 studies. There was no substantial reduction in heterogeneity 
for any of the subgroups. There were significant subgroup differences 
between different diagnostic criteria subgroups (p<0.01). 

Sixty-one studies used validated screening tools and yielded a pooled 
anxiety symptoms prevalence of 32% (95% CI 26-39%, I2=100%), 
which is similar to the overall pooled prevalence. Eight studies used 
unvalidated, custom questionnaires, yielding a pooled prevalence of 
29% (95% CI 19-41%). There were no significant subgroup differences 
between the two prevalence estimates (p=0.63, see Fig. S3). 

3.9.3. Screening tools for assessment of sleep disturbances 
The most commonly used criteria for evaluating sleep disturbances 

was Pittsburgh Sleep Quality Index (PSQI)>5, which yielded a pooled 
prevalence of 58% based on 4 studies, and Insomnia Severity Index 
(ISI)≥15, which yielded a pooled prevalence of 20% based on 3 studies. 
There were significant subgroup differences between different diag
nostic criteria subgroups (p<0.01; see Fig. 4). 

One study (conducted by Wang et al. (X. Wang et al., 2020)) used the 
Self-Rating Scale of Sleep (SRSS), which is a custom Chinese scale that 
have not been validated. Excluding the study by Wang et al. did not have 
a notable effect on the pooled prevalence (34%, according to the 
leave-one-out analysis). 

3.9.4. Gender 
Subgroup data by gender was reported by 17 studies for the preva

lence of depressive symptoms, with a pooled prevalence of 48% for fe
males and 41% for males (see Fig. S4). Twenty-two studies reported 
subgroup data by gender for the prevalence of anxiety symptoms, with a 
pooled prevalence of 44% for females and 37% for males (see Fig. S5). 
Four studies reported subgroup data by gender for the prevalence of 
sleep disturbances, with a pooled prevalence of 20% for females and 
19% for males (see Fig. S6). There were no significant subgroup dif
ferences in any of the gender subgroups (P=0.45, 0.45, 0.82 for 
depressive symptoms, anxiety symptoms, and sleep disturbances, 
respectively). 

3.9.5. Financial Situation 
Four studies reported relevant subgroup data by financial situations 

for the prevalence of depressive symptoms with a pooled prevalence of 
49% for students without financial difficulties and 61% for students with 
financial difficulties (see Fig. S7). Eight studies reported subgroup data 
for the prevalence of anxiety symptoms with a pooled prevalence of 40% 

for students without financial difficulties and 49% for students with 
financial difficulties (see Fig. S8). There were no significant subgroup 
differences in the aforementioned subgroup analyses (p=0.33 and 
p=0.64 for the prevalence of depressive symptoms and anxiety symp
toms, respectively). 

Only one study (Ge et al., 2020) reported subgroup data by students’ 
financial situation for the prevalence of sleep disturbances. Students 
with poor financial backgrounds had a reported prevalence of sleep 
disturbances of 19%, while students with high financial backgrounds 
had a reported prevalence of 16%. 

3.9.6. Living Arrangement 
Three studies reported relevant subgroup data by living arrange

ments for the prevalence of depressive symptoms with a pooled preva
lence of 52% for students living alone and 47% for students living with 
family and/or friends (see Fig. S9). Six studies reported relevant sub
group data for the prevalence of anxiety symptoms with a pooled 
prevalence of 61% for students living alone and 44% for students living 
with family and/or friends (see Fig. S10). There were no significant 
subgroup differences in the aforementioned subgroup analyses (p=0.80 
and p=0.55 for the prevalence of depressive symptoms and anxiety 
symptoms, respectively). No study reported subgroup data by students’ 
living arrangement for the prevalence of sleep disturbances. 

3.9.7. Education Level 
Twenty studies reported a pooled depressive symptoms prevalence of 

25% for graduate students (see Fig. S11). For the prevalence of anxiety 
symptoms, 30 studies reported a pooled prevalence of 24% for under
graduate students, 4 studies reported a pooled prevalence of 14% for 
graduate students, while 1 study reported an anxiety symptoms preva
lence of 6% for students enrolled in a diploma/college program (see 
Fig. S12). Eight studies reported a pooled prevalence of sleep distur
bances of 30% for undergraduate students, and 1 study reported a sleep 
disturbance prevalence of 20% for graduate students (see Fig. S13). 
There were significant subgroup differences for the outcome of anxiety 
symptoms prevalence (p<0.01), however the subgroup difference was 
not significant for other outcomes (p=0.77 and p=0.13 for depressive 
symptoms and sleep disturbance prevalence, respectively). 

3.9.8. Undergraduate Year of Study 
Six studies reported subgroup data by undergraduate year of study 

for the prevalence of depressive symptoms. The pooled depressive 
symptoms prevalence was 17%, 21%. 24% and 29% for year 1, 2, 3, and 
4 of undergraduate study, respectively (see Fig. S14). Thirteen studies 
reported relevant subgroup data for the prevalence of anxiety symp
toms. The pooled anxiety symptoms prevalence was 19%, 19%, 22% and 
25% for year 1, 2, 3, and 4 of undergraduate study, respectively (see 
Fig. S15). There were no significant subgroup differences in any of the 
aforementioned analyses (p=0.56 and p=0.83 for the prevalence of 

Table 2 (continued ) 

Study Representativeness Sample Size Non-Respondents Valid Measurement Tool Valid Statistical Methods Score 

2020 Xiang    * * 2 
2020 Xiao    * * 2 
2020 Xu *  * * * 4 
2020 Yang A   * * * 3 
2020 Yang B   * * * 3 
2020 Ye   * * * 3 
2020 Yi    * * 2 
2020 Yue    * * 2 
2020 Zhang A *  * * * 4 
2020 Zhang B   * * * 3 
2020 Zhang C *  * * * 4 
2020 Zhang D *  *  * 3 
2020 Zhang E   * * * 3 
2020 Zhao A   * * * 3 
2020 Zhao B   * * * 3  
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depressive symptoms and anxiety symptoms, respectively). 
One study reported subgroup data by undergraduate year of study 

for the prevalence of sleep disturbances. The reported prevalence of 
sleep disturbances was 16%, 20%, 15%, and 19% for year 1, 2, 3, and 4 
of undergraduate study, respectively. 

3.9.9. Severity 
Twenty-seven studies reported a pooled prevalence of 23%, 13%, 

and 8% for mild, moderate, and severe depressive symptoms, respec
tively (see Fig. S16). Thirty-three studies reported the pooled preva
lence of mild, moderate, and severe anxiety symptoms to be 20%, 11%, 

Table 3 
Subgroup Analysis of Depression, Anxiety, and Sleep Disturbance Prevalence   

Depression Anxiety Sleep Disturbances 

Gender Male 41%, 95% CI: 27-55% 
I2 = 100% 

37%, 95% CI: 21-53% 
I2 = 100% 

19%, 95% CI: 12-27% 
I2 = 72% 

Female 48%, 95% CI: 35-62% 
I2 = 100% 

44%, 95% CI: 34-55% 
I2 = 100% 

20%, 95% CI: 15-26% 
I2 = 74% 

Financial Difficulties Yes 61%, 95% CI: 40-79% 
I2 = 100% 

49%, 95% CI: 25-73% 
I2 = 100% 

- 

No 49%, 95% CI: 39-60% 
I2 = 97% 

40%, 95% CI: 14-70% 
I2 = 100% 

- 

Living Alone Yes 52%, 95% CI: 28-76% 
I2 = 95% 

61%, 95% CI: 20-95% 
I2 = 100% 

- 

No 47%, 95% CI: 18-78% 
I2 = 99% 

44%, 95% CI: 15-77% 
I2 = 100% 

- 

Education Level College - 6%, 95% CI: 2-11%a - 
Undergraduate 32%, 95% CI: 22-44% 

I2 = 100% 
24%, 95% CI: 17-30% 
I2 = 100% 

30%, 95% CI: 18-44% 
I2 = 100% 

Graduate 25%, 95% CI: 0-73% 
I2 = 97% 

14%, 95% CI: 4-29% 
I2 = 98% 

20%, 95% CI 16-24%a 

Undergraduate Year of Study Year 1 17%, 95% CI: 8-27% 
I2 = 99% 

19%, 95% CI: 12-27% 
I2 = 99% 

- 

Year 2 21%, 95% CI: 9-35% 
I2 = 98% 

19%, 95% CI: 11-29% 
I2 = 99% 

- 

Year 3 24%, 95% CI: 12-38% 
I2 = 98% 

22%, 95% CI: 13-33% 
I2 = 99% 

- 

Year 4 29%, 95% CI: 15-45% 
I2 = 97% 

25%, 95% CI: 14-37% 
I2 = 97% 

- 

Severity Mild 23%, 95% CI: 21-26% 
I2 = 99% 

20%, 95% CI: 15-25% 
I2 = 100% 

- 

Moderate 13%, 95% CI: 8-19% 
I2 = 100% 

11%, 95% CI: 6-18% 
I2 = 100% 

- 

Severe 8%, 95% CI: 5-12% 
I2 = 100% 

6%, 95% CI: 3-12% 
I2 = 100% 

- 

Country China 24%, 95% CI: 20-28% 
I2 = 100% 

23%, 95% CI: 18-28% 
I2 = 100% 

23%, 95% CI: 14-32% 
I2 = 99% 

Bangladesh 70%, 95% CI: 58-80% 
I2 = 98% 

73%, 95% CI: 31-99% 
I2 = 100% 

27%, 95% CI: 26-29%a 

France 29%, 95% CI: 7-57% 
I2 = 100% 

42%, 95% CI: 26-60% 
I2 = 100% 

- 

USA 55%, 95% CI: 8-97% 
I2 = 99% 

74%, 95% CI: 46-94% 
I2 = 100% 

66%, 95% CI: 62-69%a 

Russia 53%, 95% CI: 49-57%a - - 
Belarus 42%, 95% CI: 36-48%a - - 
Jordan 87%, 95% CI: 85-89%a 80%, 95% CI: 77-82%a - 
Spain - 56%, 95% CI: 39-72% 

I2 = 79% 
45%, 95% CI: 24-67%a 

UAE - 23%, 95% CI: 20-25%a - 
Pakistan 45%, 95% CI: 42-48%a 34%, 95% CI: 31-37%a - 
Malaysia - 8%, 95% CI: 6-10%a - 
India 39%, 95% CI: 31-47%a 31%, 95% CI: 24-40%a 65%, 95% CI: 60-70%a 

Korea 49%, 95% CI: 44-54%a - - 
Japan 60%, 95% CI: 52-68%a - - 
Egypt 70%, 95% CI: 68-73%a 54%, 95% CI: 51-56%a - 
Ethiopia 22%, 95% CI: 18-27%a 28%, 95% CI: 23-33%a - 
Indonesia 31%, 95% CI: 28-34%a - - 
Italy 77%, 95% CI: 70-83%a - - 
Lebanon 33%, 95% CI: 29-38%a 44%, 95% CI: 40-48%a - 
Slovakia 72%, 95% CI: 69-74%a - - 
Turkey 63%, 95% CI: 58-68%a 52%, 95% CI: 46-57%a - 
UK 46%, 95% CI: 43-50%a 37%, 95% CI: 34-40%a - 
Ukraine 32%, 95% CI: 29-34%a 24%, 95% CI: 22-26%a - 
Poland - 35%, 95% CI: 32-38%a - 
Saudi Arabia - 34%, 95% CI: 30-39%a - 
Switzerland - 23%, 95% CI: 21-25%a - 
Argentina - - 27%, 95% CI: 23-31%a 

Cells containing “-“ indicate that no relevant subgroup analyses had been conducted. 
Abbreviations: CI Confidence Interval, USA United States of America, UAE United Arab Emirates, UK United Kingdom 

a Only one study was included in this subgroup. 
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and 7%, respectively. No study reported the prevalence of different 
severity of sleep disturbances (see Fig. S17). 

3.9.10. Country 
Thirty-two studies reported a pooled depressive symptoms preva

lence of 24% from Chinese students. Three studies reported a pooled 
depressive symptoms prevalence of 70% for Bangladashi students, two 
studies reported a pooled depressive symptoms prevalence of 55% from 
American students, and two studies reported a pooled depressive 
symptoms prevalence of 29% for French students. No other country 
subgroups had more than one study for the prevalence of depressive 
symptoms (see Fig. S18); results from single-study subgroups can be 
found in Table 3. 

Forty-two studies reported a pooled anxiety symptoms prevalence of 
23% from Chinese students. Four studies reported a pooled anxiety 
symptoms prevalence of 73% for Bangladashi students, three studies 
reported a pooled prevalence of 74% for American students, three 
studies reported a pooled prevalence of 42% for French students, and 
two studies reported a pooled prevalence of 56% for Spanish students. 
No other country subgroups had more than one study for the prevalence 
of anxiety symptoms (see Fig. S19). 

Seven studies reported a pooled sleep disturbance prevalence of 23% 
from Chinese students. There were no other country subgroups that had 
more than one study for the prevalence of sleep disturbances (see 
Fig. S20). 

4. Discussion 

This systematic review and meta-analysis provides the most up-to- 
date and comprehensive estimate of the prevalence of depressive 
symptoms, anxiety symptoms, and sleep disturbances in higher educa
tion students by pooling the data of 89 observational studies with a total 
of 1,441,828 students. The overall pooled prevalence of depressive 
symptoms, anxiety symptoms, and sleep disturbances among higher 
education students during the COVID-19 pandemic was determined to 
be 34%, 32%, and 33%, respectively. 

4.1. Effect of geographical regions on prevalence 

While our prevalence of depressive symptoms was not substantially 
greater compared to the pre-pandemic prevalence (30.6%) as reported 
in a previous meta-analysis conducted by Ibrahim et al. (Ibrahim et al., 
2013), it must be noted that our study was largely based on data from 
Chinese students while Ibrahim et al.’s study contained mostly Amer
ican, Canadian, and European students. This difference was likely due to 
the fact that the pandemic had a disproportionate impact on the Chinese 
population during the winter 2020 school year, while its impact on other 
student populations were not fully realized until the end of the school 
year. In many Asian countries, including China, mental illness and 
psychological disorders are commonly associated with distorted per
sonality and moral defects (Liu et al., 2017; Parker et al., 2001; 

Fig. 2. Forest plot for the pooling of depression prevalence. Studies were separated into subgroups based on the screening tool and cutoff values used for evaluating 
depression. The differences between subgroups were statistically significant (P<0.01). 
Abbreviations: CI Confidence Interval; PHQ-9 Patient Health Questionnaire-9; DASS-21D Depression Anxiety Stress Scales, depression subscale; SCL-90 Symptom 
Checklist-90; SDS Zung Self-Rating Depression Scale; CES-D Center for Epidemiologic Studies Depression Scale; FCV-19S Fear of COVID-19 Scale; PQEEPH Psy
chological Questionnaires for Emergent Events of Public Health; PROMIS-8D Patient-Reported Outcomes Measurement Information System Depression-8, BID-13 
13-item Beck Depression Inventory, KADS Kutcher Adolescent Depression Scale, PHQ-8 Patient Health Questionnaire-8 
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Table 4 
Citation of Included Studies   

Depression 
Symptoms 

Anxiety Symptoms Sleep 
Disturbances 

Primary Meta- 
Analysis 

(Amatori et al., 
2020; Aslan et al., 
2020; Aylie et al., 
2020; Chang et al., 
2020; Chen et al., 
2020; Chi et al., 
2020; C.-H. Deng 
et al., 2020; Ding 
and Hu, 2020;  
Dong, 2020;  
Essadek and 
Rabeyron, 2020;  
Fawaz and 
Samaha, 2020;  
Gavurova et al., 
2020; Ghazawy 
et al., 2020;  
Graupensperger 
et al., 2020;  
Gritsenko et al., 
2020; Han et al., 
2020; Islam et al., 
2020; Liang et al., 
2020; Lian et al., 
2020; Lin et al., 
2020; Lin and Xu, 
2020; Liu, 2020; L. 
Ma et al., 2020; Z.  
Ma et al., 2020; 
Naser et al., 2020;  
Ren et al., 2020;  
Rogowska et al., 
2020b;  
Rudenstine et al., 
2020; Salman 
et al., 2020;  
Sayeed et al., 
2020; Tang et al., 
2020; Tasnim 
et al., 2020;  
Thahir et al., 2020; 
Van Der 
Feltz-Cornelis 
et al., 2020;  
Verma, 2020; Y.  
Wang et al., 2020; 
Z.-H. Wang et al., 
2020; Wathelet 
et al., 2020; B. B.  
Wu et al., 2020;  
Xiang et al., 2020;  
Xiao et al., 2020;  
Xu and Li, 2020;  
X. J. Yang et al., 
2020; Y. Y. Yang 
et al., 2020; Ye 
et al., 2020; Yi 
et al., 2020; J.  
Zhang et al., 2020; 
L. L. Zhang et al., 
2020; X. Y. Zhang 
et al., 2020; Y.  
Zhang et al., 2020; 
Zhao et al., 2020;  
Zhao, 2020) 

(Aslan et al., 2020;  
Aylie et al., 2020;  
Biber et al., 2020;  
Bourion-Bédès et al., 
2021; Chang et al., 
2020; Chi et al., 
2020; B. Deng et al., 
2020; C.-H. Deng 
et al., 2020; Dhar 
et al., 2020;  
DíazJiménez et al., 
2020; Ding and Hu, 
2020; Dong, 2020;  
Dratva et al., 2020;  
Du et al., 2020;  
Essadek and 
Rabeyron, 2020; Fan 
and Yu, 2020b; Fan 
et al., 2020; Fawaz 
and Samaha, 2020;  
Fu et al., 2021; Ge 
et al., 2020; Ghazawy 
et al., 2020; Han 
et al., 2020; Islam 
et al., 2020; Jiang 
and Li, 2020;  
Khoshaim et al., 
2020; Lian et al., 
2020; Lin and Xu, 
2020; Liu, 2020; Li 
et al., 2020; L. Ma 
et al., 2020; Z. Ma 
et al., 2020; Naser 
et al., 2020;  
Nurunnabi et al., 
2020;  
Ozamiz-Etxebarria 
et al., 2020; Perz 
et al., 2020; Qiu 
et al., 2020;  
Rogowska et al., 
2020a, 2020b;  
Rudenstine et al., 
2020; Saddik et al., 
2020; Salman et al., 
2020; Sayeed et al., 
2020; Sundarasen 
et al., 2020; Tasnim 
et al., 2020; Van Der 
Feltz-Cornelis et al., 
2020; Verma, 2020; 
C. Wang et al., 2020;  
Wang and Zhao, 
2020; S. Wang et al., 
2020; X. Wang et al., 
2020; Wang, 2020; Y. 
Wang et al., 2020; 
Z.-H. Wang et al., 
2020; Wathelet et al., 
2020; B. B. Wu et al., 
2020; T. H. Wu et al., 
2020; Xiang et al., 
2020; Xia and Li, 
2020; Xu and Li, 
2020; X. J. Yang 
et al., 2020; Y. Y. 
Yang et al., 2020; Ye 
et al., 2020; Yi et al., 
2020; Yue et al., 
2020; B. Zhang et al., 
2020; L. L. Zhang 
et al., 2020; X. Y.  
Zhang et al., 2020; Y.  

(Benham, 2020; 
Du et al., 2020;  
Fan and Yu, 
2020a; Ge et al., 
2020; Ji et al., 
2020; A. Y.-K. 
Lai et al., 2020;  
Pavithra and 
Dheepak 
Sundar, 2020;  
Sañudo et al., 
2020; Scotta 
et al., 2020;  
Tasnim et al., 
2020; X. Wang 
et al., 2020; Ye 
et al., 2020; B.  
Zhang et al., 
2020; Y. Zhang 
et al., 2020)  

Table 4 (continued )  

Depression 
Symptoms 

Anxiety Symptoms Sleep 
Disturbances 

Zhang et al., 2020;  
Zhao, 2020) 

Gender (Amatori et al., 
2020; Aylie et al., 
2020; Essadek and 
Rabeyron, 2020;  
Gavurova et al., 
2020; Han et al., 
2020; Islam et al., 
2020; Lin and Xu, 
2020; Ren et al., 
2020; Rudenstine 
et al., 2020;  
Sayeed et al., 
2020; Thahir 
et al., 2020;  
Verma, 2020;  
Wathelet et al., 
2020; X. J. Yang 
et al., 2020; Yi 
et al., 2020; Y.  
Zhang et al., 2020; 
Zhao et al., 2020) 

(Aylie et al., 2020;  
Biber et al., 2020;  
Dhar et al., 2020;  
Díaz-Jiménez et al., 
2020; Essadek and 
Rabeyron, 2020; Fu 
et al., 2021; Ge et al., 
2020; Islam et al., 
2020; Khoshaim 
et al., 2020; Lin and 
Xu, 2020; Qiu et al., 
2020; Rudenstine 
et al., 2020; Saddik 
et al., 2020; Sayeed 
et al., 2020;  
Sundarasen et al., 
2020; Verma, 2020; 
C. Wang et al., 2020;  
Wang and Zhao, 
2020; Wathelet et al., 
2020; X. J. Yang 
et al., 2020; Yi et al., 
2020; Y. Zhang et al., 
2020) 

(Ge et al., 2020;  
Ji et al., 2020;  
A. Y.-K. Lai 
et al., 2020; Y.  
Zhang et al., 
2020) 

Financial 
Difficulties 

(Essadek and 
Rabeyron, 2020;  
Gavurova et al., 
2020; Rudenstine 
et al., 2020;  
Sayeed et al., 
2020) 

(Aylie et al., 2020;  
Dhar et al., 2020;  
Díaz-Jiménez et al., 
2020; Essadek and 
Rabeyron, 2020; Fu 
et al., 2021; Ge et al., 
2020; Rudenstine 
et al., 2020; Sayeed 
et al., 2020) 

(Ge et al., 2020) 

Living Alone (Aylie et al., 2020;  
Essadek and 
Rabeyron, 2020;  
Islam et al., 2020) 

(Aylie et al., 2020;  
Dhar et al., 2020;  
Essadek and 
Rabeyron, 2020;  
Islam et al., 2020;  
Khoshaim et al., 
2020; Sundarasen 
et al., 2020) 

- 

Education Level (Amatori et al., 
2020; C.-H. Deng 
et al., 2020; Dong, 
2020; Fawaz and 
Samaha, 2020;  
Gavurova et al., 
2020; Ghazawy 
et al., 2020; Lin 
and Xu, 2020; Liu, 
2020; L. Ma et al., 
2020; Ren et al., 
2020; Sayeed 
et al., 2020; Tang 
et al., 2020; Z.-H.  
Wang et al., 2020; 
B. B. Wu et al., 
2020; Xiao et al., 
2020; X. J. Yang 
et al., 2020; Ye 
et al., 2020; Yi 
et al., 2020; Zhao 
et al., 2020; Zhao, 
2020) 

(B. Deng et al., 2020;  
C.-H. Deng et al., 
2020; Díaz-Jiménez 
et al., 2020; Dong, 
2020; Fan and Yu, 
2020b; Fan et al., 
2020; Fawaz and 
Samaha, 2020; Fu 
et al., 2021; Ge et al., 
2020; Ghazawy et al., 
2020; Jiang and Li, 
2020; Khoshaim 
et al., 2020; Lin and 
Xu, 2020; Liu, 2020; 
L. Ma et al., 2020;  
Ozamiz-Etxebarria 
et al., 2020; Sayeed 
et al., 2020;  
Sundarasen et al., 
2020; C. Wang et al., 
2020; Wang and 
Zhao, 2020; X. Wang 
et al., 2020; Z.-H.  
Wang et al., 2020; B. 
B. Wu et al., 2020; T. 
H. Wu et al., 2020;  
X. J. Yang et al., 
2020; Ye et al., 2020; 
Yi et al., 2020; Yue 
et al., 2020; B. Zhang 
et al., 2020; Zhao, 
2020) 

(Benham, 2020; 
Fan and Yu, 
2020a; Ge et al., 
2020; Ji et al., 
2020; Pavithra 
and Dheepak 
Sundar, 2020; 
X. Wang et al., 
2020; Ye et al., 
2020; B. Zhang 
et al., 2020)  

(continued on next page) 
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Subramaniam et al., 2017; Zhang et al., 2019); thus, students may be 
more reluctant to report symptoms of mental illness due to social stigma, 
leading to under-reporting (Guo et al., 2020; Sobowale et al., 2014). 
When comparing Ibraim et al.’s results with our subgroup data from 
non-Chinese countries, we observed substantially higher prevalence of 
depressive symptoms during the pandemic. For example, the prevalence 
of depressive symptoms in American students was found to be 55% in 
our study, which is substantially higher than the overall prevalence of 
30.6% found in Ibrahim et al.’s study. Compared to other countries, the 
prevalence of depressive symptoms among Chinese higher education 
students (24%) was considerably lower (with the exception of Ethiopia, 
which reported a depressive symptoms prevalence of 22% based on 1 
study). However, it still marks a substantial increase compared to results 
from a large-scale pre-pandemic observational study, which reported a 
depressive symptoms prevalence of 11.7% among Chinese university 
students (Chen et al., 2013). 

Chinese students also reported a lower prevalence of anxiety symp
toms compared to students from other countries at 23%, with the 
exception of Malaysian students (reported as 8% according to one 
study). Regardless, the prevalence of anxiety symptoms in Chinese stu
dents have surpassed the prevalence observed during the 2003 SARS 
epidemic, which was 9.5% based on data from three major universities 
in Beijing (Huang et al., 2003). The differences in the mental health of 
university students during COVID-19 compared to SARS is potentially 
due to the fact that COVID-19 cases are more prevalent—only 8,000 
cumulative cases of SARS were reported in 2004 (World Health Orga
nization, 2015), while over 46 million cases of COVID-19 have been 
reported thus far (Johns Hopkins University, 2021 COVID-19 Map). The 
popularity of social media and the spread of unverified online resources 
may have also contributed to the increased spread of misinformation 
(Cuan-Baltazar et al., 2020; Mian and Khan, 2020), leading to additional 
anxiety symptoms and stress compared to the SARS outbreak (J. Gao 
et al., 2020). 

Overall, our results present a worrying trend of increased prevalence 
of mental health symptoms, i.e., depressive symptoms and anxiety 
symptoms, among higher education students during the COVID-19 
pandemic. Additionally, our pooled prevalences may have been 
affected by an overrepresentation of Chinese students who might have 
under-reported symptoms of mental health symptoms. This study 
highlights the lack of mental health studies involving higher education 
students from non-Chinese countries and calls for further investigations 
into the mental health status of students from non-Chinese countries in 
order to provide a more comprehensive picture of the mental impact of 
COVID-19. 

4.2. Effect of screening tools on prevalence 

Our subgroup analyses showed that the screening tools and cutoff 
values used for assessing depressive symptoms, anxiety symptoms, and 
sleep disturbances had a significant impact on the resultant prevalence 
values. While a majority of the screening tool subgroups for the preva
lence of depressive symptoms had similar pooled prevalences (e.g., 35%, 
28%, and 35% for DASS-21D≥10, PHQ-9≥10, and SDS≥53, 

Table 4 (continued )  

Depression 
Symptoms 

Anxiety Symptoms Sleep 
Disturbances 

Undergraduate 
Year of Study 

(Dong, 2020; Ge 
et al., 2020; Lin 
and Xu, 2020; B. B. 
Wu et al., 2020; X. 
J. Yang et al., 
2020; Yi et al., 
2020) 

(Díaz-Jiménez et al., 
2020; Dong, 2020;  
Fu et al., 2021; Ge 
et al., 2020;  
Khoshaim et al., 
2020; Lin and Xu, 
2020; Sundarasen 
et al., 2020; C. Wang 
et al., 2020; Wang 
and Zhao, 2020; B. B. 
Wu et al., 2020; X. J. 
Yang et al., 2020; Yi 
et al., 2020; Yue 
et al., 2020) 

(Ge et al., 2020) 

Severity (Amatori et al., 
2020; Aslan et al., 
2020; Chang et al., 
2020; C.-H. Deng 
et al., 2020;  
Fawaz and 
Samaha, 2020;  
Gavurova et al., 
2020; Ghazawy 
et al., 2020; Han 
et al., 2020; Islam 
et al., 2020; Liang 
et al., 2020; Lin 
and Xu, 2020; L.  
Ma et al., 2020;  
Naser et al., 2020;  
Rogowska et al., 
2020b;  
Rudenstine et al., 
2020; Salman 
et al., 2020;  
Sayeed et al., 
2020; Van Der 
Feltz-Cornelis 
et al., 2020;  
Verma, 2020; Y.  
Wang et al., 2020;  
Wathelet et al., 
2020; Xiao et al., 
2020; Xu and Li, 
2020; Yi et al., 
2020; L. L. Zhang 
et al., 2020; X. Y.  
Zhang et al., 2020; 
Zhao et al., 2020) 

(Aslan et al., 2020;  
Biber et al., 2020;  
Bourion-Bédès et al., 
2021; Chang et al., 
2020; B. Deng et al., 
2020; C.-H. Deng 
et al., 2020; Dhar 
et al., 2020; Dratva 
et al., 2020; Du et al., 
2020; Fawaz and 
Samaha, 2020;  
Ghazawy et al., 2020; 
Han et al., 2020;  
Islam et al., 2020;  
Khoshaim et al., 
2020; Lin and Xu, 
2020; L. Ma et al., 
2020; Naser et al., 
2020; Qiu et al., 
2020; Rogowska 
et al., 2020a, 2020b;  
Rudenstine et al., 
2020; Saddik et al., 
2020; Sayeed et al., 
2020; Sundarasen 
et al., 2020; Van Der 
Feltz-Cornelis et al., 
2020; Verma, 2020;  
Wang and Zhao, 
2020; Y. Wang et al., 
2020; Xia and Li, 
2020; Xu and Li, 
2020; Yi et al., 2020; 
L. L. Zhang et al., 
2020; X. Y. Zhang 
et al., 2020) 

- 

Quality of Study (NOS) Score 
High Quality 

(NOS≥3) 
(Aslan et al., 2020; Aylie et al., 2020; Chang et al., 2020; Chen 
et al., 2020; Chi et al., 2020; B. Deng et al., 2020; C.-H. Deng 
et al., 2020; Dhar et al., 2020; Ding and Hu, 2020; Dong, 2020;  
Dratva et al., 2020; Essadek and Rabeyron, 2020; Fan and Yu, 
2020b; Fawaz and Samaha, 2020; Gavurova et al., 2020; Ge 
et al., 2020; Graupensperger et al., 2020; Gritsenko et al., 2020;  
Han et al., 2020; Islam et al., 2020; Jiang and Li, 2020; Ji et al., 
2020; Khoshaim et al., 2020; Lian et al., 2020; Lin and Xu, 2020;  
Li et al., 2020; L. Ma et al., 2020; Z. Ma et al., 2020;  
Ozamiz-Etxebarria et al., 2020; Qiu et al., 2020; Ren et al., 2020;  
Rogowska et al., 2020a, 2020b; Rudenstine et al., 2020; Saddik 
et al., 2020; Sañudo et al., 2020; Sayeed et al., 2020; Tang et al., 
2020; Van Der Feltz-Cornelis et al., 2020; Verma, 2020; Wang 
and Zhao, 2020; Y. Wang et al., 2020; Z.-H. Wang et al., 2020; B. 
B. Wu et al., 2020; T. H. Wu et al., 2020; Xu and Li, 2020; X. J. 
Yang et al., 2020; Y. Y. Yang et al., 2020; Ye et al., 2020; B. Zhang 
et al., 2020; J. Zhang et al., 2020; L. L. Zhang et al., 2020; X. Y.  
Zhang et al., 2020; Y. Zhang et al., 2020; Zhao et al., 2020; Zhao, 
2020) 

Low Quality 
(NOS<3) 

(Amatori et al., 2020; Benham, 2020; Biber et al., 2020;  
Bourion-Bédès et al., 2021; Díaz-Jiménez et al., 2020; Du et al., 
2020; Fan and Yu, 2020a; Fan et al., 2020; Fu et al., 2021;  
Ghazawy et al., 2020; A. Y.-K. Lai et al., 2020; Liang et al., 2020;  
Lin et al., 2020; Liu, 2020; Naser et al., 2020; Nurunnabi et al.,  

Table 4 (continued )  

Depression 
Symptoms 

Anxiety Symptoms Sleep 
Disturbances 

2020; Pavithra and Dheepak Sundar, 2020; Perz et al., 2020;  
Salman et al., 2020; Scotta et al., 2020; Sundarasen et al., 2020;  
Tasnim et al., 2020; Thahir et al., 2020; C. Wang et al., 2020; S.  
Wang et al., 2020; X. Wang et al., 2020; Wang, 2020; Wathelet 
et al., 2020; Xiang et al., 2020; Xiao et al., 2020; Xia and Li, 2020; 
Yi et al., 2020; Yue et al., 2020) 

Cells containing “-“ indicate that no relevant subgroup analyses had been con
ducted. 
Abbreviations: NOS Modified Newcastle-Ottawa Scale 
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respectively), the PHQ-9 ≥5 subgroup yielded a substantially higher 
depressive symptoms prevalence compared to the other screening tool 
subgroups at 49%, while the SCL-90 subgroup reported a lower 
depressive symptoms prevalence at 17%. These observations were 
similar to those made in previous meta-analyses, which highlighted the 
finding that the depressive symptoms prevalence yielded by PHQ-9 ≥5 
was approximately 30% higher compared to other screening tools (J. 
Deng et al., 2020). Future studies should consider using a higher cutoff 
value for PHQ-9, as previous studies have shown that using a cutoff 
value of 8-11 for PHQ-9 may increase the validity of the scale (Dunstan 
and Scott, 2019; Manea et al., 2012). In addition, the increased cutoff 
value will likely result in decreased prevalence of depressive symptoms 
as assessed using PHQ-9, potentially increasing agreement with results 
from other screening tools. Similarly, GAD-7 with a cutoff value of ≥5 
yielded a substantially higher prevalence of anxiety symptoms 
compared to other anxiety scales. A cutoff of ≥10 may be more optimal 
in terms of balancing the scale’s specificity and sensitivity (Johnson 
et al., 2019), as well as increasing agreement with other anxiety scales. 

However, it must also be noted that there were substantial differ
ences in the sample size of different screening tool subgroups that may 
have contributed to the differences in prevalence values. Subgroups with 
higher prevalences, such as the PHQ-9 ≥5 and GAD-7 ≥5 subgroups, 
included more studies and students compared to subgroups with lower 

prevalence estimates. Therefore, it is unclear whether the significant 
subgroup differences that we observed were valid. In addition, there was 
significant heterogeneity among the screening tool subgroups. This 
shows that results from individual studies in these subgroups are 
inconsistent, likely due to factors other than differences in screening 
tools and cutoff values. These factors should be considered when 
interpreting the results of our analysis. Addition of future studies may 
improve heterogeneity, increase the validity of the subgroup estimates, 
and reduce the observed subgroup differences (Richardson et al., 2019). 

For the prevalence of sleep disturbances, the use of two different 
screening tools—PSQI and ISI—contributed to the significant subgroup 
differences that we observed. This finding was likely due to differences 
in the design of PSQI and ISI questionnaires. PSQI is generally preferred 
over ISI for assessing sleep disturbances as PSQI provides an overview of 
sleep quality by assessing multiple categories of sleep disturbances. In 
comparison, ISI is limited to insomnia and does not include items rele
vant to other forms of sleep disturbances (Smith and Wegener, 2003). 
This difference in measurement may explain the higher prevalence of 
sleep disturbances reported by the PSQI subgroups compared to the ISI 
subgroup, as ISI cannot assess as many forms of sleep disturbances as 
PSQI. 

Several studies employed custom questionnaires or unvalidated 
Chinese questionnaires to assess the prevalence of mental health 

Fig. 3. Forest plot for the pooling of anxiety prevalence. Studies were separated into subgroups based on the screening tool and cutoff values used for evaluating 
anxiety. The differences between subgroups were statistically significant (P<0.01). 
Abbreviations: CI Confidence Interval; GAD-7 General Anxiety Disorder 7-item scale; SAS Zung Self-Rating Anxiety Scale; SCL-90 Symptom Checklist-90; DASS-21A 
Depression Anxiety Stress Scales, anxiety subscale; EAS Existence of Anxiety Scale; HAM-A Hamilton Anxiety Rating Scale; PQEEPH Psychological Questionnaires for 
Emergent Events of Public Health, STAI State-Trait Anxiety Inventory. 
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symptoms. The results reported by these studies must be interpreted 
with caution, as these studies did not publish their questionnaire items 
or did not report the reliability and validity of their screening tools. 
Future investigations should adopt validated scales with optimal cutoff 
values or online structured interviews to both increase the validity of 
their studies and the transparency of their methodology. 

4.3. Interpretation of subgroup analyses and meta-regressions 

We identified several factors that may have significant correlations 
with the prevalence of mental health symptoms in higher education 
students during the COVID-19 pandemic. First of all, the prevalence of 
depressive symptoms was found to be associated with the mean age of 
study participants. We speculated that this correlation may have been 
due to increased academic pressure in students of higher education 
levels (e.g., graduate students). Contrarily, we found that the prevalence 
of depressive symptoms in undergraduate students (32%) is higher 
compared to graduate students (25%); a similar trend exists for the 
prevalence of anxiety symptoms (24% versus 14%). This finding con
flicts with results from a pre-pandemic meta-analysis, which found no 
significant differences between the depression prevalence of under
graduate and graduate students (Puthran et al., 2016). A cross-sectional 

study (Z.-H. Wang et al., 2020a), which was included in our analysis, 
suggested that this difference may be attributable to graduate students 
being more focused on their research work than the ongoing pandemic. 
We speculated that this difference may have also been due to differences 
in the ability to self-manage emotions between graduate and under
graduate students; graduate students may have developed better coping 
strategies compared to undergraduates, as graduate students typically 
have more experiences with stressful situations. 

Within the undergraduate population (which constituted a consid
erable fraction of our study population), we found that the prevalence of 
depressive symptoms increased according to increasing undergraduate 
years. First-year undergraduate students, for example, had a depressive 
symptoms prevalence of 17% whereas fourth-year students had a 
depressive symptoms prevalence of 29%. This observation may explain 
the correlation we observed between mean age and the prevalence of 
depressive symptoms. 

We also found correlations between the prevalences of depressive 
symptoms and anxiety symptoms and study date. In general, studies 
conducted during the later months of the pandemic (i.e., March and 
April) reported higher prevalence of depressive symptoms and anxiety 
symptoms compared to studies conducted in January and February. This 
difference suggests that the prevalence of depressive symptoms and 

Fig. 4. Forest plot for the pooling of sleep disturbances prevalence. Studies were separated into subgroups based on the screening tool and cutoff values used for 
evaluating sleep disturbances. The differences between subgroups were statistically significant (P<0.01). 
Abbreviations: CI Confidence Interval; PSQI Pittsburgh Sleep Quality Index; ISI Insomnia Severity Index, SRSS Self-Rating Scale of Sleep. 
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anxiety symptoms may increase with time among higher education 
students, but this observation may also be attributable to the end-of-year 
examinations that typically take place during March and April in many 
institutions. Thus, future systematic reviews should examine whether 
this increasing trend continues into the new school year in September 
and October. 

Similar to previous studies (Alsubaie et al., 2019; Cooke et al., 2004; 
Hefner and Eisenberg, 2009; McCloud and Bann, 2019), our findings 
demonstrate that financial situation, living arrangements (i.e., living 
alone vs. living with family and/or friends), and gender may have an 
impact on the prevalence of depressive symptoms and anxiety symptoms 
in higher education students during the ongoing pandemic. Students 
from poor financial backgrounds or had low income levels generally had 
higher prevalence of depressive symptoms and anxiety symptoms 
compared to students from advantaged financial backgrounds, while 
students who live alone had higher prevalence of depressive symptoms 
and anxiety symptoms compared to students living with family and/or 
friends. Additionally, female students were found to have higher prev
alences of depressive symptoms and anxiety symptoms compared to 
male students. It must be noted that these findings were severely limited 
by low sample sizes and/or unbalanced covariate distribution. 
Furthermore, factors such as different screening tools may have 
confounded the subgroup analyses. As a result, we observed high un
certainties, large confidence intervals, and non-significant tests for 
subgroup differences (Richardson et al., 2019). These observations 
should be further investigated and corroborated in future studies with 
larger sample sizes and higher statistical powers. 

4.4. Strengths and limitations 

Since this systematic review and meta-analysis was conducted using 
data from the early stages of the pandemic, it has several notable limi
tations. First of all, we observed significant between-study heterogeneity 
that was not entirely accounted for by our subgroup analyses, sensitivity 
analyses, and meta-regressions. Secondly, our study participants were 
mostly made up of Chinese students, which severely limits the gener
alizability of our findings. Several Chinese studies may have also 
included the same population, as they were usually large-scale studies 
conducted within the same country. Lastly, there was a lack of data in 
our subgroup analyses resulting in unbalanced covariate distribution, as 
well high within-subgroup heterogeneity which reduced the effective
ness of our subgroup analyses. 

Our study also has several strengths. Firstly, we did not detect signs 
of publication bias as shown by funnel plots and Egger’s regression 
analyses. In addition, our results were not substantially impacted by our 
leave-one-out sensitivity analyses nor were they affected by the removal 
of studies using unvalidated screening tools. Lastly, a majority of our 
studies have a low risk of bias with high response rates, validated 
screening tools, and appropriate statistical methods. 

4.5. Implications 

To our knowledge, our study is the first knowledge synthesis project 
investigating the mental health effects of COVID-19 on higher education 
students. In response to the COVID-19 pandemic, many universities and 
colleges have suspended in-person lectures in favor of remote education. 
This shift has caused significant disruptions to the daily lives of many 
students, especially those living on campus and graduate students 
working to complete research projects or internships. For students who 
require counseling services offered by universities, this change may have 
deprived them of essential mental health screening and interventions 
needed to alleviate their psychological symptoms. These factors, com
bined with additional stressors such as quarantine and social distancing, 
have further disconnected students from their families and support 
systems (Zhai and Du, 2020). The increased prevalence of depressive 

symptoms and anxiety symptoms we observed during the pandemic may 
be attributed to a combination of disrupted academic routines, lack of 
in-person counselling, and physical and social isolation of university 
students. 

Previous investigations into the mental health of students following 
traumatic events or natural disasters have suggested that the high 
prevalence of depressive symptoms and anxiety symptoms that we 
observed may be attributable to underlying psychological disorders, 
such as post-traumatic stress disorder (PTSD) or adjustment disorder 
(AD) (Li et al., 2021; Oh et al., 2019; Read et al., 2011). Adjustment 
disorder has been defined as a disproportionate, maladaptive response 
to a significant stressor, while PTSD is defined as a post-traumatic 
response characterized by re-experiencing traumatic events, avoidance 
of traumatic triggers, and heightened sense of current threat (Kazlauskas 
and Quero, 2020; Møller et al., 2020; World Health Organization, 2018). 
While our study did not directly evaluate the prevalence of suspected 
PTSD or AD, our observations of a prolonged mental health impact 
caused by the pandemic over a number of months is consistent with the 
possibility of a long-term underlying disorder such as PTSD and AD. 
These speculations need to be corroborated with future studies using 
specialized screening tools for assessing the severity of PTSD and AD 
symptomatology, such as the Adjustment Disorder–New Module 20 
(ADNM-20) and the PTSD Symptom Scale (PSS) (Foa et al., 1993; Lorenz 
et al., 2016). 

Given our findings, colleges and universities should implement long- 
term policies and programs to target the source of the students’ mental 
health issues. Despite pre-pandemic studies which showed that online 
learning may be just as effective as in-person lectures (Brockfeld et al., 
2018; Paul and Jefferson, 2019; Porter et al., 2014), students may 
require time to adjust to this drastic shift in paradigm, especially within 
the context of the pandemic. The quality of pre-recorded videos for 
online course delivery, clarity in exam information, and regular online 
updates from universities/colleges are important factors which deter
mine the students’ satisfaction with the institutional response to the 
COVID-19 pandemic (Browning et al., 2021). A previous letter to the 
editor by Zhai & Du also recommended that faculty members should 
offer virtual office hours for students to address academic concerns, 
while internship and research supervisors should implement alternative 
plans to make it easier for students to work and earn credits remotely 
(Zhai and Du, 2020). 

Additionally, universities and colleges should continue to offer 
counseling services remotely via telephone- or Internet-based mental 
wellness programs (Brenes et al., 2015; Lattie et al., 2017, 2019). Mental 
health interventions can be offered passively via information provision, 
or actively via automated or blended therapeutic interventions, such as 
wellness apps and mental health hotlines (Holmes et al., 2020). 
Providing students with virtual mindfulness or meditation sessions have 
also been shown to be effective in reducing anxiety and the sense of 
isolation during lockdown periods (Schlesselman et al., 2020). Our 
findings suggested that a majority of depressed or anxious students only 
experienced mild symptoms during the early stages of the pandemic. 
Therefore, timely and frequent mental health screening and in
terventions should be implemented to prevent these mild symptoms 
from progressing into more severe psychological disorders. 
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