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Abstract 

Background: The effects of drastic curricular changes necessitated by the COVID-19 pandemic on medical students’ 
education and wellbeing have remained largely unstudied. Out study aimed to characterize how medical students 
were affected by the pandemic, specifically how limitations introduced by the pandemic may have affected the qual-
ity, delivery, and experience of medical education.

Methods: Three hundred students from 5 U.S. allopathic medical schools were surveyed to determine students’ per-
ceptions about their quality of medical education, professional development, and mental health during the COVID-19 
pandemic (October 2020-December 2020).

Results: A large majority of students report that while lecture-based learning has not been significantly affected by 
the pandemic, small-group and clinical learning have greatly declined in quality. Students also reported higher levels 
of depression, anxiety, and uncertainty with regards to their futures as physicians.

Conclusions: The COVID-19 pandemic has greatly affected the medical student education and wellbeing. Although 
medical schools have implemented measures to continue to train medical students as effectively as they can, further 
strategies must be devised to ensure the well-being of students in the present and for future national emergencies.
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Background
The current coronavirus disease 2019 (COVID-19) pan-
demic has proven to be challenging for people of all walks 
of life. The medical community has been especially hard 
hit, considering the hectic and dangerous environments 

for frontline healthcare providers, the high demand for 
drug development, and the restrictions on patient care 
due to safety protocols [1]. Although the effects of the 
pandemic on medical professionals have been well docu-
mented, there has been little investigation into how the 
pandemic has affected the education and wellbeing of 
future physicians [2].

The COVID-19 pandemic has widely disrupted edu-
cation across the United States (U.S.). By Spring 2020, 
most medical schools in the U.S. halted in-person 
learning to some degree in accordance with guidelines 
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released by the Association of American Medical Col-
leges (AAMC) [2]. Medical schools developed vir-
tual lecture and small-group learning formats, halted 
research projects, and limited in-person clinical experi-
ences. These clinical rotations are often the most piv-
otal portion of medical training, as students implement 
preclinical knowledge, directly contribute to patient 
care, and determine which specialties they will pursue. 
The inability to work on research projects may severely 
hinder the amount of research experience certain stu-
dents may have been hoping to attain, especially those 
who have taken gap years to pursue research.

The online learning system presents additional vari-
ables that may adversely affect medical students’ men-
tal health and general wellbeing. A lack of clinical and 
research experience may increase anxiety already pre-
sent in medical students who must soon choose spe-
cialties for future residency programs [3]. The inability 
to gain important experience may decrease medical 
students’ confidence in their qualifications and make 
choosing a specialty much more difficult. Medical stu-
dents who lack comfortable home environments may 
struggle greatly, as students at other levels have [4]. 
Extensive use of online communication and learning 
solutions may prove to be detrimental to student well-
being, causing increased isolation and conditions such 
as Zoom fatigue and Burnout syndrome [5–7]. Addi-
tion of these factors may only serve to exacerbate metal 
health problems already common amongst medical stu-
dents [8].

Lack of in-person learning was projected to have a 
negative effect on medical education delivery at the 
start of the pandemic [9], and mandatory social isola-
tion of medical students may negatively affect mental 
health. Recently, surveys have been conducted to gather 
opinions from medical students on the rapid shift of 
medical curriculum to virtual platforms and how lim-
ited clinical exposure would impact clinical training and 
future residency applications [10, 11].  While the most 
recent studies have characterized the effects of the early 
stages of the COVID-19 pandemic on medical students 
and medical education, none have investigated more 
recent developments, namely the remote clinical experi-
ences and interventions that permit alternative learning 
experiences. Additionally, there has been little emphasis 
on the comparison between the effects of the pandemic 
on students from public and private institutions.

Our present study was designed to gauge the attitudes 
of medical students after a few months of learning in a 
COVID-era curriculum. To understand how changes to 
medical education have affected a diverse pool of medi-
cal students, we surveyed students of all class levels from 
two public and three private medical institutions on their 

medical education, clinical training, mental wellbeing, 
and impact on and involvement in the community.

Methods
Study design
The current study is a web-based cross-sectional study 
that utilized an online survey using Qualtrics. This study 
collected response data from medical students from 5 dif-
ferent institutions in the U.S. between October 11, 2020 
and December 3, 2020. We modelled our survey after the 
survey used by Coffey et  al. in their analysis of medical 
students [12]. Public institutions surveyed included the 
University of California San Diego School of Medicine 
(UCSD) and University of Missouri-Kansas City School 
of Medicine (UKMC). The private institutions surveyed 
included the University of Southern California’s Keck 
School of Medicine, Columbia University’s Roy and 
Diana Vagelos College of Physicians and Surgeons, and 
Stanford University’s School of Medicine. The survey was 
designed by three investigators (JC, WTL, WMO) and 
comprised a total of 26 questions/items, with the number 
of questions presented to each participant varying based 
on their responses to previous questions. No identifying 
information was collected. Participants consented to the 
use of their responses in this study via the first question 
of the survey.

Measures and operationalization
The survey questions consisted of 1 of 3 formats (as 
determined by Qualtrics): multiple choice, matrix table, 
and slider. Multiple choice questions were used to collect 
basic information about participants, including their uni-
versity, current year in medical school, types of courses 
they had taken, and types of extracurriculars they were 
involved in. These questions were placed at the beginning 
of the survey and were used by Qualtrics to judge which 
of the subsequent questions would be made available for 
each individual participant. For example, questions about 
lab experience during the pandemic would only be pre-
sented to a participant if they had indicated in an ear-
lier question that they indeed had lab experience during 
the pandemic. In order to evaluate differences between 
students at different levels of medical school, we sepa-
rated students into 4 groups: first year (MS1s), second 
year (MS2s), third year (MS3s), and fourth year medi-
cal students (MS4s). Matrix table questions were used 
to gauge the participants’ agreement with certain state-
ments. Agreement was rated on a scale including the fol-
lowing options (in order from least to most agreement): 
Strongly disagree, Disagree, Somewhat disagree, Neither 
agree nor disagree, Somewhat agree, Agree, and Strongly 
agree. Agreement was operationalized using the number 
of participants that selected each of these options and 
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the total number of times the 3 “agree” statements ver-
sus the total number of times the 3 “disagree” statements 
were selected. Slider questions were used allow partici-
pants to indicate the percentage of their courses held vir-
tually, and, if applicable, the number of other individuals 
(attendings, interns/residents, medical students) they 
worked with in a clinical setting.

Survey distribution
Participants were selected via convenience sampling. 
The survey was distributed to these medical schools 
using medical student points of contact (POCs) from 
each of the 5 medical schools. For each school, approval 
was granted from Offices of Student Affairs to carry out 
the study after submitting a UCSD IRB waiver, descrip-
tion of the study, and a copy of the proposed survey. 
POCs were then asked to distribute the survey link to 
the medical students in their school via email and social 
media. In order to control for multiple survey entries by 
a single student, students were required to enter their 
email address prior to completing the survey. However, 
participants’ email addresses were not made available 
by Qualtrics to the authors in order to keep survey data 
deidentified. The survey remained open from October 
11, 2020 to December 3, 2020. Response rate was deter-
mined using the total number of concurrently enrolled 
students at each medical school since data on number of 
survey recipients was unavailable. The number of con-
currently enrolled students at all 5 universities was deter-
mined by the Medical School Admission Requirements 
(MSAR) portal offered by the AAMC. These numbers are 
as follows: 624 UCSD students, 673 Columbia students, 
528 Stanford students, 479 UMKC students, and 815 
USC students.

Statistical analysis
All data was analyzed in either Microsoft Excel or RStu-
dio using base R functions and the tidyverse, dplyr, and 

ggplot2 packages. Correlations between groups of medi-
cal students and their answers to specific questions were 
analyzed using the Pearson Chi Square statistic or the 
Fisher’s Exact Test (p<0.05). The Fisher’s Exact Test was 
utilized when the number of responses for a specific cat-
egory was 5 or less.

Results
Descriptive statistics
300 responses (~10% response rate) were analyzed from 
medical students of UC San Diego (22.7%), Stanford 
(25%), University of Southern California (13%), Univer-
sity of Missouri in Kansas City (12%), Columbia Univer-
sity (26.7%) and others (0.6%). The class level distribution 
of respondents was 28% MS1s, 33% MS2s, 14.7% MS3s, 
and 16.7% MS4s. 6.7% students included MD-PhD can-
didates, Master’s candidates, and gap year students all 
doing research after their second and third years. Stu-
dents taking time off for research were combined with 
their previous level for analysis (i.e., Research year after 
MS3s were combined with MS3s).

Efficacy of lecture and small group‑based interventions
The majority of lecture-based classes were held virtu-
ally. We asked students how this change affected how 
they were able to receive and learn course curriculum. 
Students were largely satisfied with the interventions 
put in place by their institutions to replace lecture-based 
learning. 77.2% agreed that course content was properly 
delivered virtually, and over 60% of students were satis-
fied with their instructors’ and their institutions’ adapta-
tions to the new format (Fig. 1). However, these changes 
seemingly cannot completely ease medical student 
anxiety and replace in-person classes. 91.1% of students 
reported often experiencing the phenomenon of Zoom 
fatigue, with 48.6% responding with “Strongly agree” to 
the prompt (Supplementary Table  1). The United States 
Medical Licensing Examination (USMLE) is used to 

Fig. 1 Effects of classroom interventions
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provide medical licensing authorities in the U.S. with evi-
dence of qualification for licensure for medical students 
aspiring to become resident doctors. The USLME con-
sists of three steps, the first two of which are taken during 
medical school. Step 1 assesses students’ understanding 
and ability to apply scientific principles to medical prac-
tice and is usually taken by the end of the scholastic year 
by MS2s. Step 2CK, or Step 2, assesses students’ ability to 
apply medical knowledge in a clinical setting. It is usually 
taken by MS3s after they have finished their core rota-
tions. Only 50% of respondents report that the course 
material they are learning will prepare them for Step 
1 and Step 2 (Fig.  1). 36.8% of students agreed that the 
amount they are learning is the same amount of mate-
rial learned by students of previous years (Supplementary 
Table  1). Together, this data suggests that, despite the 
accessibility of information and faculty by medical stu-
dents, there are significant challenges presented by the 
pandemic that make students feel less confident in the 
material that they have learned.

Small-group learning classes, which revolve around 
in-person group discussion, also shifted to remote for-
mats. Most students reported that 95% or more of their 
small group classes, including Problem-Based Learning 
(PBL) and, Principles of Medicine (POM), went virtual 
as a result of the pandemic. Students were given separate 
prompts asking them to evaluate whether or not virtual 
versions of their small group classes were sufficient sub-
stitutions for their in-person versions. Out of the three 
types of small group classes, virtual POM classes were 
viewed most unfavorably, as 73.2% of respondents disa-
greed that virtual POM is a sufficient substitute for in-
person POM. Virtual PBL classes and other small group 
classes were viewed more favorably, as 54.8% and 45.6% 
of respondents thought virtual versions of those classes 
were sufficient substitutions for in-person versions (Sup-
plementary Table 1).

Extracurricular community service and learning 
opportunities
Due to restrictions imposed by the pandemic, medical 
students may feel disconnected from traditional extra-
curricular activities involving professional development, 
social engagement, or community service. We asked stu-
dents whether they had looked for other outlets in order 
to address this disconnect. Aside from course material, 
73.7% of students reported initiating or participating in 
opportunities that provided other ways to learn. Many 
students cited engaging in ‘technical support’, ‘creating 
support groups’, and ‘creating study groups’. 33.6% of stu-
dents also responded that they were involved in teaching 
other medical or Science, technology, engineering, and 
mathematics (STEM) students at some point since the 

pandemic started.  Of the students that engaged in such 
activities, a large majority believed that these activities 
allowed them to continue to make a difference (Fig.  2). 
This may indicate the importance of such extracurricu-
lars to the well-being of medical students while other 
avenues of service are hindered by the pandemic.

Virtualization and limitation of clinical rotations
The majority of students in clinical rotations either had 
to perform them virtually or in a heavily abbreviated 
manner (Supplementary Table  1). Among preclinical 
students, only 30.7% agreed that the course content they 
were learning was sufficient to prepare them for clinical 
rotations, and 44% of clinical-level students agreed that 
the skills they were learning would be enough to pre-
pare them for residency. 54.7% of clinical-level students 
agreed that there was a decrease in the amount of clini-
cal training they were receiving. When asked about their 
opinions on how clinical training might affect their abil-
ity to choose a specialty, only 37.4% agreed that the skills 
and content learned while on clinical rotations would 
help them discern their desired specialty (Fig. 3).

In terms of medical team composition while in the 
clinic, most students cited working with 1 attending, 1 
resident, 1 other medical student in their ward teams. 
This is a decrease from the average number of colleagues 
and supervisors that medical students are able to work 
with during rotations with larger teams, such as those in 
general surgery where students work with multiple medi-
cal students and residents.

Research projects
58.5% of students reported that the pandemic affected 
their research projects negatively. 41.9% of respondents 
also reported that, because of the pandemic, they had not 
gained the skills they expected to while doing research, 
and 61.9% stated that their research was slowed. There 
were no significant differences in responses between stu-
dents pursuing part-time research and students pursuing 
full-time research (gap year, PhD, MS).

Mental wellbeing and anxiety for the future
Students were asked about how the pandemic affected 
their mental health as it related to depression, anxiety, 
and sources of support. 88.4% of all prompted students 
report the pandemic causing an increased sense of isola-
tion from peers. Many students also report the pandemic 
being a factor in increased feelings of depression (67.5%) 
and anxiety (73%). Students were not asked to clarify 
whether this depression was clinically diagnosed or not. 
When asked if, during the pandemic, they had ever been 
afraid for their own health and wellbeing, 71% of students 
indicated agreement. In addition, a number of  students 
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reported strong agreement with the pandemic influenc-
ing feelings of isolation, depression, and anxiety (37.7%, 
16%, 20.8% respectively) (Fig. 4A). Students who reported 
experiencing feelings of depression or anxiety as a result 
of the pandemic were also less satisfied with their medi-
cal education than students who had not experienced 
such feelings (Fig. 4B).

We administered a group of questions to gauge how 
the pandemic has affected students’ thoughts and beliefs 
about their futures in medicine. 81% of students believed 
that the pandemic has lessened their control over their 
growth as students and as future physicians. 70.9% of 

students felt that their medical knowledge is behind 
that of medical students that came before them (Fig. 5). 
Interestingly, students who reported experiencing feel-
ings of depression or anxiety were more likely to be dis-
satisfied with their medical education in comparison to 
students who had not experienced such feelings (Fig. 4B). 
Although 52.9% of applicants thought that the pandemic 
further inspired them to become physicians, an alarming 
31.2% of students expressed second thoughts about pur-
suing a career in medicine (Fig.  5). Interestingly, MS4s 
were seemingly the most confident in their abilities, edu-
cation, and future trajectories. This may be due to the 

Fig. 2 Effects of extracurricular community service on students’ mindset
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fact that MS4 students have already gained confidence 
after at least 3 years of medical school, mostly were in 
elective rotations, and have already decided on their field 
of specialty based on their previous experience in core 
rotations.

Differences between the public versus private university 
experience
Differences in responses between students from the two 
public and three private medical schools were analyzed 
using the Kruskal Wallis test (p<0.05). Public school stu-
dents reported having fewer virtual small group learning 

Fig. 3 Efficacy of abbreviated clinical experience and its effects on feelings of preparedness

Fig. 4 The effect of the pandemic on medical students’ mental health. A. Agreement with statements concerning wellbeing, depression, and 
anxiety. B. Correlation between satisfaction with medical education (relative to perception of previous medical students)
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classes and 70.6% of students who had taken virtual PBL 
courses did not believe that they were a sufficient sub-
stitute for in-person classes (Fig. 6A). In general, private 
school students reported being more satisfied with the 
replacement of in-person clinical experience with tel-
emedical practice. In private schools, a lower percentage 
of clinical rotations were held virtually compared to rota-
tions in public schools. More than public school students, 
private school students reported that their experience 
with telemedical rotations was a sufficient replacement 
to in-person clinical rotations (Fig. 6B). Other than these 
findings, there were no significant differences between 
public school and private school student responses. 
However, it is important to note that the sample size for 
this analysis is very low (2 private schools vs 3 public 
schools). Our data may therefore not be generalizable to 
all institutions.

Discussion
Because the COVID-19 pandemic has so deeply affected 
the US education system in general, students and faculty 
must adjust in order to facilitate a transfer of knowledge 
that would maximally approach what students would 
experience pre-pandemic. This is especially true for 
medical students, as the skills learned in medical school 
form the foundation of much more complex skills to be 
used by these future physicians. Prior to the pandemic, 
the mental health epidemic that plagues medical students 
was well-characterized [13]. The exacerbation of men-
tal health problems and roadblocks to attaining medical 
knowledge may deeply affect the generation of future 
physicians training through the pandemic.

Across the world, medical students have reported dis-
satisfaction with online medical school education. In the 
U.S., a survey of 1,389 medical students revealed that 
online education significantly decreased students’ overall 

wellness [14]. Two separate studies from Jordan reported 
that 26.8% and 25% of medical students, respectively, 
were not satisfied with their online education [15, 16]. 
In a survey of an Indian medical school, over half of the 
respondents prefer physical classes over online classes 
[17]. In a study in Saudi Arabia, only 25% of students pre-
fer online only classes over integrated or in-person only 
classes [18] . In our study, a similar dissatisfaction with 
online medical education and negative mental health 
impact were noted. Similar to the studies referenced 
above, we found that 70% of students surveyed believed 
that their quality of education declined (they do not learn 
as much as students before them). Despite the numerous 
studies done on the subject, our study is the first, to the 
best of our knowledge, to document the potential causes 
of student dissatisfaction, including mental health obsta-
cles, decline in quality of group discussions, etc.

We found that the transition to online lecture-based 
classes has not severely affected students’ self-reported 
learning. Students largely feel that virtual lecture-based 
learning still allows for material to be effectively commu-
nicated and absorbed. Although students do experience 
a significant amount of Zoom fatigue, the majority of 
them believe that the material they learn is sufficient for 
the USMLE. A significant number of students, however, 
believed that the substitutions for small group learning 
classes were insufficient. As these classes are important 
for developing critical thinking skills and application of 
lecture-based knowledge, the dissatisfaction with virtual 
small group learning courses may contribute to medical 
students’ overall apprehension regarding the adequacy of 
amount of material that they are learning.

Although clinical rotations were not completely 
halted, the majority operated virtually or under strict 
restrictions. Most students reported working with 
smaller teams compared to the size of clinical teams 

Fig. 5 Anxiety for the future and commitment to medicine
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pre-pandemic. The utility of clinical rotations hinges on 
interactions with patients and with various members 
of the medical team. Given that both types of interac-
tions were significantly limited, it is not surprising that 
a majority of students found their clinical experience to 
be lacking. With students feeling less prepared to apply 

to and enter residency programs, it may be important to 
find ways in which remote or abbreviated clinical rota-
tions may be improved.

A great majority of students presumably enter medical 
school to fulfill a desire to help others by being healers, 
but this pandemic may have made some of these students 

Fig. 6 The effects of the pandemic on public versus private institutions. Significant differences were between perceptions of A. virtual small group 
learning and B. virtual clinical practice



Page 9 of 10Chakladar et al. BMC Medical Education          (2022) 22:149  

feel less able to serve others. We found that students who 
found other ways to benefits others in their community 
believed their experience to be very rewarding, as they 
were able to further develop their interpersonal and emo-
tional maturity outside of the clinic. Utilizing these types 
of community service opportunities may help to address 
problems that medical students have when unable to do 
the things that drew them to a career in medicine.

The overall rate of feelings of depression and anxiety 
during the COVID-19 pandemic were about two times 
higher than the average prevalence of depression or 
depressive symptoms in medical students, according to 
previous meta-analysis [19]. This alarming increase may 
be attributed to multiple causes. It has been reported that 
medical students who feel anxious or depressed are likely 
to have these feelings increase in severity and frequency 
once they enter the workforce [20]. However, those that 
develop coping mechanisms are much less likely to expe-
rience such symptoms. These coping mechanisms are 
usually interaction with friends or family, leisure and 
exercise, and positive outlooks [21]. The pandemic, by all 
accounts, has negatively impacted these coping mecha-
nisms. Students who are not receiving the education 
that they were expecting may also feel a degree of help-
lessness, a hypothesis supported by the majority of stu-
dents we found to feel less certain and in control of their 
education and futures. Despite these conclusions, there 
are several limitations to our study. During data collec-
tion, we were unable to obtain data on how many stu-
dents received our survey, as it was distributed through 
social media. We therefore could not calculate the most 
accurate response rate as we utilized the estimated total 
class size of each medical school as a proxy for our lack-
ing data. In terms of representativeness, we attempted to 
obtain responses from both public and private schools 
and from multiple locations around the US. However, due 
to more than half of survey responses coming from stu-
dents in universities at the US coasts and in larger metro-
politan cities, it may be difficult to generalize our findings 
to students studying at medical schools located in other 
areas of the US. As this study was not a prospective study, 
there is potential for recall bias in survey responses. We 
attempted to limit this bias by gaging overall feelings 
towards the pandemic and medical education in our 
questions and recognizing whether there was a correla-
tion of those feels to more positive or negative responses. 
However, our data indicated that there was no such con-
sistent correlation across all attitude-related questions. 
We therefore believe that the effect of recall bias in our 
study was limited. Previous studies of depression in the 
student population mainly focus on clinically diagnosed 
depression, rather than just depressive symptoms. It is 
most likely that the majority of medical students who 

reported depressive or anxious episodes in our study are 
not clinically depressed. Regardless, it is still important to 
monitor depressive symptoms, considering the common 
trajectory that medical students take towards depression 
as they enter the workforce. Finally, our survey also did 
not explore the availability and use of COVID-related 
mental services to medical students. Many institutions 
such as UC San Diego and Stanford saw an increase in 
mental health appointments overall. These increases 
reflected a national rise in mental health disability [22]. 
Future surveys can investigate the effectiveness of men-
tal health services in dealing with mental health cases 
among medical students, amidst increased pressure 
related to school, research, and clinical training.

Conclusion
In all, our study indicates that the pandemic has sig-
nificantly impacted the lives of medical students. Many 
students were able to develop some coping mechanisms 
and did not waver from their path towards becoming 
physicians. However, the alarming number of students 
with second thoughts about their choice of profession, 
depression, anxiety about the future, and perceived lack 
of training indicate that medical students should be pro-
vided further resources to address these problems.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12909- 022- 03197-x.

Additional file 1. 

Additional file 2. 

Acknowledgements
Not Applicable.

Authors’ contributions
Conceptualization, W.M.O.; methodology, J.C., W.T.L. and W.M.O.; software, N/A; 
validation, J.C.; formal analysis, J.C., A.D., J.C.T.; investigation, J.C., A.D., A.R.K., 
A.E.Z., K.K., F.A.B., S.H., S.Z.K., and S.C.; resources, W.M.O.; data curation, N/A; writ-
ing—original draft preparation, J.C., W.T.L., A.D., and W.M.O.; writing—review 
and editing, J.C., A.D., W.T.L., A.R.K., A.E.Z., S.Z.K., E.Y.C., and W.M.O.; visualization, 
J.C. and W.T.L.; supervision, W.M.O.; project administration, W.M.O.; fund-
ing acquisition, E.Y.C. and W.M.O. The author(s) read and approved the final 
manuscript.

Authors’ information
Not Applicable.

Funding
University of California, San Diego Academic Senate Grant (RG096651) to 
W.M.O.

Availability of data and materials
The datasets used and analysed during the current study are available from 
the corresponding author on reasonable request.

https://doi.org/10.1186/s12909-022-03197-x
https://doi.org/10.1186/s12909-022-03197-x


Page 10 of 10Chakladar et al. BMC Medical Education          (2022) 22:149 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Declarations

Ethics approval and consent to participate
Informed consent was acquired from all survey respondents for the use and 
publication of response data. No identifying information was collected. This 
study was performed in accordance with the Declaration of Helsinki. The 
UCSD Institutional Review boards approved the exemption for the ethical 
approval for this study (Project #201758XX).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Division of Otolaryngology-Head and Neck Surgery, Department Surgery, 
University of California, La Jolla, San Diego, California, USA. 2 Research Service, 
VA San Diego Healthcare System, San Diego, CA 92161, USA. 3 UC San Diego 
School of Medicine, University of California, San Diego, CA 92093, USA. 
4 Stanford University School of Medicine, Stanford, CA 94305, USA. 5 Harvard 
Medical School, Harvard University, Boston, MA 02115, USA. 6 Keck School 
of Medicine, University of Southern California, Los Angeles, CA 90089, USA. 
7 University of Missouri-Kansas City School of Medicine, Kansas City, MO 64110, 
USA. 8 Vagelos College of Physicians and Surgeons, Columbia University, New 
York, NY 10032, USA. 9 Department of Internal Medicine, Vagelos College 
of Physicians and Surgeons, Columbia University, New York, NY 10032, USA. 
10 Feinberg School of Medicine, Northwestern University, Chicago, IL 60611, 
USA. 11 Department of Radiology, University of California, San Diego, CA 92093, 
USA. 12 Radiology Service, VA San Diego Healthcare System, San Diego, CA 
92161, USA. 

Received: 3 April 2021   Accepted: 14 February 2022

References
 1. Marjanovic Z, Greenglass ER, Coffey S. The relevance of psychosocial 

variables and working conditions in predicting nurses’ coping strategies 
during the SARS crisis: An online questionnaire survey. Int J Nurs Stud. 
2007;44(6):991–8.

 2. Association of American Medical Colleges. Important Guidance for Medi-
cal Students on Clinical Rotations During the Coronavirus (COVID-19) 
Outbreak. [press release]. 2020. Available from: https:// www. aamc. org/ 
news- insig hts/ press- relea ses/ impor tant- guida nce- medic al- stude nts- clini 
cal- rotat ions- during- coron avirus- covid- 19- outbr eak.

 3. Mosley TH Jr, Perrin SG, Neral SM, Dubbert PM, Grothues CA, Pinto BM. 
Stress, coping, and well-being among third-year medical students. Acad 
Med. 1994;69(9):765–7.

 4. Pan PJD, Chang S-H, Yu Y-Y. A Support Group for Home-Quarantined 
College Students Exposed to SARS: Learning from Practice. J Spec Group 
Work. 2005;30(4):363–74.

 5. West CP, Dyrbye LN, Erwin PJ, Shanafelt TD. Interventions to prevent and 
reduce physician burnout: a systematic review and meta-analysis. Lancet. 
2016;388(10057):2272–81.

 6. Lemola S, Perkinson-Gloor N, Brand S, Dewald-Kaufmann JF, Grob A. Ado-
lescents’ electronic media use at night, sleep disturbance, and depressive 
symptoms in the smartphone age. J Youth Adolesc. 2015;44(2):405–18.

 7. Wiederhold BK. Connecting Through Technology During the Coronavirus 
Disease 2019 Pandemic: Avoiding “Zoom Fatigue.” Cyberpsychol Behav 
Soc Netw. 2020;23(7):437–8.

 8. Wolf TM. Stress, coping and health: enhancing well-being during medical 
school. Med Educ. 1994;28(1):8–17 discussion 55-7.

 9. Shahrvini B, Baxter SL, Coffey CS, MacDonald BV, Lander L. Pre-Clinical 
Remote Undergraduate Medical Education During the COVID-19 Pan-
demic: A Survey Study. Res Sq. 2020;rs.3:rs-33870.

 10. Arowoshola L. Medical education engagement during the COVID-19 era 
– A student parents perspective. Med Educ Online. 2020;25(1):1788799.

 11. Byrnes YM, Civantos AM, Go BC, McWilliams TL, Rajasekaran K. Effect 
of the COVID-19 pandemic on medical student career perceptions: a 
national survey study. Med Educ Online. 2020;25(1):1798088.

 12. Coffey CS, MacDonald BV, Shahrvini B, et al. Student Perspectives on 
Remote Medical Education in Clinical Core Clerkships During the COVID-
19 Pandemic. Med Sci Educ. 2020;30:1577–84.

 13. Jafari N, Loghmani A, Montazeri A. Mental health of Medical Students in 
Different Levels of Training. Int J Prev Med. 2012;3(Suppl 1):S107-112.

 14. Nikolis L, Wakim A, Adams W, et al. Medical student wellness in the 
United States during the COVID-19 pandemic: a nationwide survey. BMC 
Med Educ. 2021;21(1):401.

 15. Al-Balas M, Al-Balas HI, Jaber HM, et al. Distance learning in clinical medi-
cal education amid COVID-19 pandemic in Jordan: current situation, chal-
lenges, and perspectives. BMC Medical Education. 2020;20(1):1–7.

 16. Sindiani AM, Obeidat N, Alshdaifat E, et al. Distance education during the 
COVID-19 outbreak: A cross-sectional study among medical students in 
North of Jordan. Annals of Medicine and Surgery. 2020;59:186–94.

 17. Singh K, Srivastav S, Bhardwaj A, et al. Medical Education During the 
COVID-19 Pandemic: A Single Institution Experience. Indian Pediatr. 
2020;57(7):678–9.

 18. Rajab MH, Gazal AM, Alkattan K. Challenges to Online Medical Education 
During the COVID-19 Pandemic. Cureus. 2020. https:// doi. org/ 10. 7759/ 
cureus. 8966.

 19. Rotenstein LS, Ramos MA, Torre M, Segal JB, Peluso MJ, Guille C, et al. 
Prevalence of Depression, Depressive Symptoms, and Suicidal Ideation 
Among Medical Students: A Systematic Review and Meta-Analysis. JAMA. 
2016;316(21):2214–36.

 20. Sreeramareddy CT, Shankar PR, Binu VS, Mukhopadhyay C, Ray B, Men-
ezes RG. Psychological morbidity, sources of stress and coping strategies 
among undergraduate medical students of Nepal. BMC Med Educ. 
2007;7:26.

 21. Bamuhair SS, Al Farhan AI, Althubaiti A, Agha S, Rahman S, Ibrahim NO. 
Sources of stress and coping strategies among undergraduate medical 
students enrolled in a problem-based learning curriculum. depression. 
2015;20:33.

 22. United Nations Sustainable Development Group. UN United Nations 
Policy Brief: COVID-19 and the need for action on mental health. 
[press release]. 2020. Available from: https:// unsdg. un. org/ resou rces/ 
policy- brief- covid- 19- and- need- action- mental- health.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://www.aamc.org/news-insights/press-releases/important-guidance-medical-students-clinical-rotations-during-coronavirus-covid-19-outbreak
https://www.aamc.org/news-insights/press-releases/important-guidance-medical-students-clinical-rotations-during-coronavirus-covid-19-outbreak
https://www.aamc.org/news-insights/press-releases/important-guidance-medical-students-clinical-rotations-during-coronavirus-covid-19-outbreak
https://doi.org/10.7759/cureus.8966
https://doi.org/10.7759/cureus.8966
https://unsdg.un.org/resources/policy-brief-covid-19-and-need-action-mental-health
https://unsdg.un.org/resources/policy-brief-covid-19-and-need-action-mental-health

	Medical student’s perception of the COVID-19 pandemic effect on their education and well-being: a cross-sectional survey in the United States
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study design
	Measures and operationalization
	Survey distribution
	Statistical analysis

	Results
	Descriptive statistics
	Efficacy of lecture and small group-based interventions
	Extracurricular community service and learning opportunities
	Virtualization and limitation of clinical rotations
	Research projects
	Mental wellbeing and anxiety for the future
	Differences between the public versus private university experience

	Discussion
	Conclusion
	Acknowledgements
	References


