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Abstract 

Background:  The coronavirus disease 2019 (COVID-19) pandemic has greatly affected medical education in addition 
to clinical systems. Residency training has probably been the most affected aspect of medical education during the 
pandemic, and research on this topic is crucial for educators and clinical teachers. The aim of this study was to under‑
stand the effect of the COVID-19 pandemic comprehensively through a systematic review and analysis of related 
published articles.

Methods:  A systematic review was conducted based on a predesigned protocol. We searched MEDLINE and EMBASE 
databases until November 30, 2020, for eligible articles. Two independent reviewers extracted data by using a custom‑
ized form to record crucial information, and any conflicts between the two reviewers were resolved through discus‑
sion with another independent reviewer. The aggregated data were summarized and analyzed.

Results:  In total, 53 original articles that investigated the effect of the COVID-19 pandemic on residency training 
were included. Studies from various regions were included in the research, with the largest percentage from the 
United States (n = 25, 47.2%). Most of these original articles were questionnaire-based studies (n = 44, 83%), and the 
research target groups included residents (79.55%), program directors (13.64%), or both (6.82%). The majority of the 
articles (n = 37, 84.0%) were published in countries severely affected by the pandemic. Surgery (n = 36, 67.92%) was 
the most commonly studied field.

Conclusions:  The COVID-19 pandemic has greatly affected residency training globally, particularly surgical and 
interventional medical fields. Decreased clinical experience, reduced case volume, and disrupted education activities 
are major concerns. Further studies should be conducted with a focus on the learning outcomes of residency training 
during the pandemic and the effectiveness of assisted teaching methods.
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Background
The coronavirus disease 2019 (COVID-19) pandemic 
has greatly affected every facet of the health care system 
since COVID-19 was first identified in Wuhan, China, in 
December 2019. The pandemic overwhelmed health care 
systems rapidly in many countries, and numerous studies 
have investigated the clinical effects of the pandemic [1–
5]. The COVID-19 pandemic has not only damaged clini-
cal systems but also affected medical education severely. 
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However, research on the effect of the COVID-19 pan-
demic on education is as-yet limited.

When considering medical education, residency train-
ing has probably been the most affected during the 
COVID-19 pandemic because the core of residency train-
ing is clinical experience and clinical skill proficiency, 
which have been reduced because of multiple factors 
in the pandemic. Dedeilia et  al. published a system-
atic review on educational challenges in the COVID-19 
era and revealed that both medical and surgical educa-
tion have been severely affected [6]. However, the article 
was published in the early stage of the pandemic when 
literature on the topic was limited, and the focus of the 
research was not only residency training but also medical 
students’ education. Additionally, most of the included 
articles were nonoriginal manuscripts and may have been 
insufficient to analyze the effect of the COVID-19 pan-
demic on residency training.

Understanding the influence of the pandemic on resi-
dency training is crucial to being able to adopt methods 
to maintain consistency in training quality. The aim of 
this study was to identify the real effect of the COVID-
19 pandemic on residency training through a systematic 
review of relevant published articles and further analy-
sis of the results. Our study may help residency training 
program directors worldwide to comprehensively under-
stand the influence of the pandemic and adopt assisted 
teaching methods to provide effective training.

Methods
Systematic review protocol
A systematic review was conducted based on a prede-
signed protocol in accordance with the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses 
(PRISMA) statement [7].

Search strategy
We searched the MEDLINE and EMBASE databases for 
eligible articles until November 30, 2020 (for approxi-
mately 1 year from the commencement of the COVID-19 
pandemic). The search strategy was based on the follow-
ing algorithm: (“COVID- 19” [All Fields] OR “COVID-
2019” [All Fields] OR “severe acute respiratory syndrome 
coronavirus 2” [Supplementary Concept] OR “severe 
acute respiratory syndrome coronavirus 2” [All Fields] 
OR “2019-nCoV” [All Fields] OR “SARS-CoV-2” [All 
Fields] OR “2019nCoV” [All Fields] OR (“Wuhan” [All 
Fields] AND (“coronavirus” [MeSH Terms] OR “corona-
virus” [All Fields]))) AND (“education, medical” [MeSH 
Terms] OR (“education” [All Fields] AND “medical” [All 
Fields]) OR “medical education” [All Fields] OR “resi-
dency training” [All Fields] OR “trainee” [All Fields]).

Inclusion and exclusion criteria
We aimed to include all original articles discussing the 
effect of COVID-19 on residency training in different 
specialties. Furthermore, we only included studies that 
were published in English. We excluded nonoriginal arti-
cles, such as reviews, editorials, perspectives, short or 
special communications, and letters to editors. Studies 
regarding medical students or paramedical specialties, 
such as dentistry or nursing, were excluded. Moreover, 
studies focused on methodologies or technological inno-
vations rather than residency training were excluded.

Study selection and data extraction
Figure 1 depicts the study selection and review processes. 
After selecting articles from two databases, we removed 
duplicate articles manually. Two independent review-
ers (SKH and HYL) scanned the title and abstract of 
all articles to determine relevancy in light of the inclu-
sion/exclusion criteria. Articles without abstracts were 
included for full-text assessment and evaluated at that 
stage. Two reviewers shared their results after scanning 
the title and abstract of all articles, and only articles that 
were excluded by both reviewers were eliminated from 
further full-text assessment. During the full-text assess-
ment stage, we used a customized Excel sheet to record 
essential information of the article. Article type, first 
author of the article, training specialties, publication 
date, target group, and country of the enrolled population 
were extracted. We classified training specialties into four 
categories. Surgical field including otorhinolaryngology, 
orthopedics, general surgery, neurosurgery, obstetrics 
and gynecology, oral and maxillofacial surgery, cardio-
thoracic surgery, urology, ophthalmology and oculoplas-
tic surgery. Medical filed including internal medicine, 
diagnostic radiology, pediatrics, emergency medicine and 
pathology. Interventional field including interventional 
cardiology, interventional radiology and endoscopy.

Then, two reviewers evaluated the extracted full-text 
articles separately according to the criteria. Any con-
flicts between the two reviewers regarding the extracted 
articles were resolved through discussion with another 
reviewer (SYC). The included articles were further quan-
titatively analyzed or described narratively.

Statistical analysis
Descriptive statistics of aggregated data are presented 
using count and proportions. Descriptive analysis was 
performed according to publication date, country, and 
specialty separately. Further subanalysis was performed 
based on study content, geographic location, pandemic 
severity, and specialty category. Pandemic severity was 
defined according to the World Health Organization 
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dashboard [8]. Statistical analysis was performed using 
Microsoft Excel (2016, Microsoft Corporation, Seattle, 
Washington).

Results
The search yielded 3581 and 2567 articles from MED-
LINE and EMBASE, respectively. After removing dupli-
cates, 4583 articles were left; their titles and abstracts 
were scanned, and 312 relevant articles were identified. 
The full texts of these 312 articles were reviewed with 
179 articles included. Among the included articles, 53 
original articles were undergone further data extraction 
and quantitative analyses. The key information of the 53 
original articles is summarized in Table 1 and Additional 
file 1, with the articles presented in alphabetical order by 
name of first author.

Quantitative analyses of original articles
Of the 53 original articles, 8, 11, 12, 7, 6, and 3 articles 
were published in May, June, July, August, September 
and October, and November 2020, respectively (Fig. 2). 
The geographic distribution of the research target 

group of the articles is presented in Fig. 3. By country, 
the most studies were performed in the United States 
(25 articles), followed by Italy and the United Kingdom 
(4 articles). Most studies focused on residency training 
in a single country, and only nine articles involved resi-
dents of multiple countries as the target group.

Subgroup analyses of original articles
Most of these original articles were questionnaire-
based studies (n = 44, 83%). Among questionnaire-
based studies, 35 (79.6%) involved residents directly, 
6 (13.6%) involved program directors, and 3 (6.8%) 
involved both groups. The distribution of published 
articles according to the degree of the COVID-19 pan-
demic was demonstrated as following: 37 (84.0%), 2 
(4.6%), and 3 (6.8%) articles were published in coun-
tries with > 1,000,000, 500,001–1,000,000, and 50,001–
100,000 cases, respectively. Table  2 presents studies 
according to specialty. Most articles focused on surgery 
(n = 36, 67.92%) and interventional skill training in dif-
ferent specialties (n = 9, 16.98%).

Fig. 1  PRISMA flow diagram of the study selection process
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Possible effects of the COVID‑19 pandemic on residency 
training
We summarize the effect of the COVID-19 pandemic of 
residency training mentioned in these articles in Table 3. 
The most common effect of the pandemic on residency 
training was decreased clinical experience and failure to 
meet the training requirements of the specialty. Change 
in the working hours of residents varied based on hospi-
tal and specialty. Some articles reported decreased work-
ing hours because of reduced patient volume and elective 
operations. However, some residents may have experi-
enced increased burdens because of extra work due to the 
pandemic. Educational activities such as lectures or case 
discussions may have increased or decreased depending 
on the situation. Furthermore, some articles mentioned 
redeployment to other tasks to manage the COVID-19 
pandemic and some COVID-19-related problems, such 
as inadequate personal protective equipment (PPE) and 
quarantine policies. Moreover, residents had worse men-
tal health and increased anxiety regarding their board 
exams and career.

Discussion
Our study is the first to systematically review and analyze 
published academic articles focusing on the effect of the 
COVID-19 pandemic on residency training after 1 year of 
the pandemic. We provided statistical information on the 
publication timeline, geographic distribution, publication 
types, and study specialties. In addition, we summarized 
the effect of the COVID-19 pandemic on residency train-
ing narratively.

The World Health Organization declared COVID-19 a 
pandemic on March 11, 2020. With respect to the global 

accumulation of cases, the number of confirmed patients 
with COVID-19 exceeded 1 million on April 2, and the 
number of deaths due to COVID-19 exceeded 100,000 
on April 10 [62]. The first original article on residency 
training during the pandemic was published on May 16, 
and publication on this topic peaked in July with 12 arti-
cles [57]. This timeline reflects rapid intensification of 
the global pandemic in this period, which affected resi-
dency training in many specialties. Additionally, several 
developed countries, such as the United States, Italy, and 
the United Kingdom, had a rapidly increasing number 
of COVID-19 cases at this time, which may have been 
the reason for the increasing number of studies on this 
topic in these countries, given their focus on research 
and medical education. Although number of affected 
cases in countries apart from Americas and Europe is 
high, the publications carried out from these regions are 
disproportionately low. It may relate to research energy 
of individual country, publication bias or selection bias 
from our inclusion language criteria. Owing to lack of 
adequate publications, we cannot make a comprehensive 
between-country comparison of the impact on residency 
training and further investigation is warranted in the 
future.

Regarding geographic distribution, the studies were 
globally distributed, having been conducted in both 
developed or developing countries, and several multi-
national studies were also noted. Although the United 
States was responsible for almost half the articles 
reviewed, the results suggested that residency training 
programs were being affected globally by the COVID-19 
pandemic. The effect of the pandemic on residency train-
ing should be identified by residency training program 
directors, and rolling adjustments and training program 

Fig. 2  Time distribution of the published articles
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revisions are necessary to provide adequate training and 
maintain consistent quality during the pandemic.

The majority of the studies were published in countries 
severely affected by the pandemic, and therefore, medi-
cal education and residency training were substantially 
affected in these countries. Fewer elective operations 
because of policies established during the pandemic were 
noted in some specialties, such as urology, orthopedics, 
plastic surgery, and diagnostic angiography [12, 63–65]. 
The policies of lockdown and quarantine reduced patient 
volume for some diseases, such as trauma and infectious 

diseases, which induced less clinical exposure [66, 67]. 
Redeployment and reassignment of residents occurred 
for pandemic-related work [41]. All these factors contrib-
uted to possible inadequate training and failure to meet 
the requirements of training programs.

Surgical specialties were the most and first affected. 
Elective surgeries were cancelled or postponed during 
the pandemic, providing less practice and experience 
for the residents [63–65, 67]. Additionally, residents in 
surgical specialties were redeployed to manage patients 
with COVID-19 or perform other work due to medical 
resource reallocation, disrupting their original surgi-
cal training courses. Another disruption was the “stay at 
home” policy, which resulted in fewer trauma cases and 
related surgeries [68]. All these factors affected surgical 
resident training. A similar situation occurred in inter-
ventional medical fields, such as radiology, cardiology, 
and gastroenterology [12, 69, 70]. Hands-on practice and 
on-the-job skill development in residency training were 
affected during the pandemic.

Fig. 3  Geographic distribution of the published articles

Table 2  Distribution of included articles by specialty

Study field Article number (n) %

Surgical 36 67.92

Medical 6 11.32

Interventional 9 16.98

Multiple 2 3.77

Table 3  Summary of the effect of the COVID-19 pandemic on residency training

Theme Number of included 
original articles 
mentioned (N)

Decreased clinical experience and reduced case volume 51 (96.23%)

Working hours and burnout: may increase or decrease 33 (62.26%)

Educational activity: may increase or decrease (lectures and case discussions) 28 (52.83%)

COVID-19-related problems: inadequate personal protective equipment, quarantine policies 18 (33.96%)

Redeployment to manage the COVID-19 pandemic 14 (26.41%)

Failure to meet training requirements 12 (22.64%)

Anxiety regarding board exams and career 7 (13.21%)

Decreased quality of life and worse mental health 6 (11.32%)



Page 15 of 18Chen et al. BMC Medical Education          (2021) 21:618 	

Although the effect of COVID-19 on the internal medi-
cine field was rarely mentioned in the articles, the influ-
ence still existed. Residents focused on treating patients 
with COVID-19, which decreased their clinical expe-
rience with other diseases [15]. The fear of becoming 
infected with COVID-19 in hospitals reduced patient 
volume, except for patients with possible or confirmed 
COVID-19 [71]. Moreover, the policy of wearing a mask 
decreased the incidence of infectious diseases such as 
influenza [72]. These conditions occurred in many coun-
tries, even in those less severely affected by the pandemic. 
Lo et al. published an observational study on the effect of 
the COVID-19 pandemic on emergency medicine resi-
dency training in a teaching hospital in Taiwan [31]. As of 
this writing, in Taiwan, the number of patients with con-
firmed COVID-19 has remained under 1000, no large-
scale lockdown has been implemented, and the health 
care system is robust. However, significant decreases 
were nevertheless noted in case volume and resi-
dents’ clinical exposure in Taiwan. Yet, the real effect of 
decreased clinical exposure is unknown because no study 
has assessed the learning outcomes of residents undergo-
ing training during the pandemic. Other than negative 
impact, studies also revealed some positive impact worth 
mentioning and included implementation of new tech-
nology educational tools, higher quality of live-streamed 
didactic lectures, broader applications of telemedicine, 
increased time on research activities and self-study. A 
study collected narrative impressions revealed some 
surgical residents considered the pandemic is a valuable 
chance to learn deeper on communicable diseases and to 
think of the entire body again rather than separate body 
organs.

The mental health and quality of life of residents have 
potentially been affected. The psychological pressure 
has been heavy when managing patients with COVID-
19 because of infection risk and inadequate PPE in some 
hospitals. Quarantining due to caring for patients with 
confirmed COVID-19 and the fear of infecting family 
led residents to live alone with little family support [14]. 
Excessive working hours and burnout have been com-
mon, although these factors have varied by individual. 
These factors can induce a stressed and unhealthy mental 
state and impair learning [30].

According to our results, most of the original stud-
ies used questionnaire surveys. In the early stage of the 
pandemic, the advantage of this research type was that 
it was quick, saved time, and was easily accessible [73]. 
The results of these questionnaire surveys with either 
residents or program directors as respondents exhibited 
high consistency and reflected the effect of the COVID-
19 pandemic on residents. However, these question-
naire studies had some limitations, such as subjective 

questions, voluntary response bias, and heterogeneity of 
respondents and institutional bias, which may limit their 
generalizability [74]. Only nine studies had conducted 
objective investigations and had “real numbers” compar-
ing the prepandemic and pandemic periods [17, 31, 36, 
39, 45, 49, 50, 54, 61]. These studies indicated the sever-
ity of the effect and identified domains that were affected. 
Further research of this type is warranted to compre-
hensively understand the influence of the pandemic. 
Although both residents and program directors have a 
high consistency on clinical training, educational modi-
fications and workforce restructuring issue, there are still 
some discrepancies. In a study discussing the impact on 
interventional cardiology, majority of residents believed 
that the pandemic affected their procedural competency 
but nearly all of the respond program directors believed 
that their residents would be ready for independent 
practice after completing the training year [56]. Another 
study collected narrative responses the program direc-
tors also revealed a more positive impressions on impact 
of COVID-19 on residency training [57]. Although there 
are some discrepancies on clinical competency, both resi-
dents and program directors believe that the pandemic 
would not affect their ability to pass the board examina-
tion and it is not necessary to extend the training course 
[39].

Because insufficient training was a concern, some 
assisted teaching methods were suggested and attempted 
by medical educators and clinical teachers. These 
assisted methods included simulations, online courses, 
the flipped classroom approach, and virtual reality/aug-
mented reality [22, 75, 76]. Although these methods were 
adopted by many training program directors to compen-
sate for the decreased clinical exposure and practice, the 
effect of doing so remained unknown because comparing 
learning outcomes between residency training in prepan-
demic and pandemic periods was impossible at this time. 
Extending training courses and delaying specialty board 
exams were considered options, but doing so could affect 
career planning and the quality of life of residents. The 
articles related to assisted teaching methods and adjust-
ments were not included in our analysis because most 
of them were review articles rather than original works 
and failed to provide data regarding the effect. Although 
assisted teaching methods and adjusting training courses 
appear necessary, research must be conducted to deter-
mine the effectiveness of these methods.

Limitations
This study has some limitations. First, we only selected 
articles published in English, and some important infor-
mation published in different languages may have been 
overlooked. Second, articles included in our study were 
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mainly published in American and European countries. 
Lack of data from other regions, even those severely 
affected by the pandemic, could render the conclusion 
insufficiently comprehensive. Third, the articles included 
in our study were within 1 year of the COVID-19 pan-
demic, and some long-term effects of this pandemic may 
not be evident in this time period. Finally, no article com-
pared the learning outcomes of residents between pre-
pandemic and pandemic periods. The final performance 
of these residents remains unknown. Further studies are 
necessary to determine the learning outcomes of resi-
dency training during this pandemic.

Conclusions
The COVID-19 pandemic has greatly affected residency 
training globally, particularly surgical and interventional 
medical fields. Decreased clinical experience, reduced 
case volume, and disrupted education activities are 
major concerns in all fields. Although the publication of 
original studies investigating the effect of the COVID-19 
pandemic on residency training is increasing, as of this 
writing, no study has compared the learning outcomes 
of residents between prepandemic and pandemic peri-
ods. Further study should be focused on the learning 
outcomes of residency training during the epidemic and 
evaluate the effectiveness of assisted teaching methods.
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