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Abstract

Background As healthcare professional trainees, resident physicians are expected to help with COVID-19 care in
various ways. Many resident physicians worldwide have cared for COVID-19 patients despite the increased risk of
burnout. However, few studies have examined the experience with COVID-19 care among resident physicians and its
effects on competency achievement regarding clinical basics and COVID-19 patient care.

Method This nationwide, cross-sectional Japanese study used a clinical training environment questionnaire for
resident physicians (PGY-1 and —2) in 593 teaching hospitals during the General Medicine In-Training Examination

in January 2021. The General Medicine In-Training Examination questions comprised four categories (medical
interviews and professionalism; symptomatology and clinical reasoning; physical examination and clinical procedures;
and disease knowledge) and a COVID-19-related question. We examined the COVID-19 care experience and its
relationship with the General Medicine In-Training Examination score, adjusting for resident and hospital variables.

Results Of the 6,049 resident physicians, 2,841 (47.0%) had no experience caring for patients with COVID-19 during
2020. Total and categorical General Medicine In-Training Examination scores were not different irrespective of the
experience with COVID-19 patient care. For the COVID-19-related question, residents with experience in COVID-19
care showed a significant increase in correct response by 2.6% (95% confidence interval, 0.3-4.9%; p=0.028).

Conclusions The resident physicians’ COVID-19 care experience was associated with better achievement of COVID-
19-related competency without reducing clinical basics. However, approximately half of the residents missed the
critical experience of caring for patients during this unparalleled pandemic in Japan.
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Background

The coronavirus disease-2019 (COVID-19) has spread
worldwide since the end of 2019 [1]. As a result, hospi-
tals received many COVID-19 patients, which affected
physicians’ residency training [2]. Many resident physi-
cians globally cared for COVID-19 patients. With the
growing demand for COVID-19 care, the opportunity for
COVID-19 care increased. However, resident physicians
who were exposed to COVID-19 patients experienced a
higher rate of stress and burnout compared to those who
were not [3]. On the other hand, engaging in COVID-19
care could help physicians learn medical professionalism,
system-based care, communication skills, and clinical
knowledge of COVID-19 care [4]. Nonetheless, physician
trainees must also obtain competency in clinical basics
during their training [5].

In Japan, training hospitals may have limited residents’
practice, including in COVID-19 care, to prevent the
spread of COVID-19 in their hospital at the early stages
of the pandemic. However, the impact of this situation on
the achievement of clinical competency among resident
physicians has not been elucidated. A two-year residency
training program for postgraduate physicians has been
mandatory in Japan since 2004 to achieve basic clinical
competency. Resident physicians must rotate through
different clinical departments, including emergency
medicine, pediatrics, obstetrics and gynecology, psychia-
try, internal medicine, surgery, and community medicine
[6]. The COVID-19 pandemic may have also limited the
provision of patient care, including COVID-19 care, by
resident physicians who rely on patient care experience
to achieve basic clinical competency during the rotation
of the residency program.

Furthermore, the global pandemic may have affected
resident physicians’ training process; however, no nation-
wide study has examined the relationship between
experience in COVID-19 care and achievement of basic
clinical competency during residency training. A nation-
wide survey in 2020 in Saudi Arabia showed that 43% of
resident physicians experienced direct COVID-19 care,
with 44% proper use of personal protective equipment
(PPE) [7]. In another study, orthopedics and trauma-
tology resident physicians in Germany responded that
80% were set back in time of their general training due
to the pandemic [8]. Meanwhile, in Turkey, 90% of fam-
ily medicine residency trainees were negatively affected
by COVID-19, with a total of 31% having depression
and 24% facing severe burnout problems [9]. Chinese
radiology and U.S. Veterans Affairs residents expressed
decreased satisfaction with training [10, 11]. However,

few studies have investigated resident physicians’ expe-
rience in COVID-19 care and its effects on competency
achievement in clinical basics and COVID-19 care. Thus,
this study examines the relationship between the experi-
ence of caring for patients with COVID-19 and compe-
tency in clinical basics and COVID-19 care based on a
nationwide General Medicine in-Training Examination
(GM-ITE) with a resident survey in Japan.

Methods

Study design

This nationwide, multicenter, cross-sectional study
was conducted in Japan. We used a self-reported ques-
tionnaire to clarify the educational environment of
resident physicians, including their experience of car-
ing for patients with COVID-19. The co-authors itera-
tively modified this questionnaire independently of the
prior literature because the COVID-19 pandemic was
unprecedented. We examined the experience of car-
ing for COVID-19 patients and its relationship with the
General Medicine In-Training Examination score in
2020, as described below. This study was approved by
the Institutional Review Board of the Japan Institute for
Advancement of Medical Educational Program (JAMEP)
(No. 22-25). This cross-sectional study adhered to the
STROBE guidelines.

Participants

The present study included postgraduate year 1 (PGY-1)
and PGY-2 resident physicians who attempted the Gen-
eral Medicine In-Training Examination in Japan at the
end of the 2020 fiscal year (from January 13 to 31, 2021).
Only resident physicians who consented to participate in
this study were included. Resident physicians with miss-
ing data in the self-reported questionnaire, including data
on their experience in caring for patients with COVID-
19, were excluded.

General medicine in-training examination

The JAMEDP, a non-profit organization, has been conduct-
ing annual examinations of resident physicians (PGY-1
and PGY-2) to evaluate their basic clinical competency
since 2011 [12-17]. The General Medicine In-Training
Examination is administered in Japan. It is similar to the
US Residency Internal Medicine in-Training Examina-
tion that assesses resident physicians’ clinical knowledge.
The General Medicine In-Training Examination aims to
provide residents and training program directors with
an objective, a reliable, and a validated assessment of
clinical knowledge. The examination includes important
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disciplines focusing on primary care to evaluate resident
physicians’ competency regarding clinical basics. In Janu-
ary 2021, the General Medicine In-Training Examina-
tion included 60 questions on four main topics: medical
interviews and professionalism (six questions), symptom-
atology and clinical reasoning (15 questions), physical
examination and clinical procedures (15 questions), and
disease knowledge (24 questions). Some of the questions
were in video and audio formats. The questions are devel-
oped annually by an independent committee of board-
certified physicians. The General Medicine In-Training
Examination can only be attempted by residents who
work in training hospitals authorized to administer the
examination.

Data collection and variables

We collected data on resident physicians’ educational
environments and hospital characteristics. These charac-
teristics were divided into resident and hospital variables.
A self-reporting questionnaire included the following
resident variables: PGY grade, sex, desired specialty,
rotational training in the Department of GM, rotational
training in the Department of Internal Medicine, night
duty work in the emergency room (ER) during a resi-
dency program, mean number of caring for inpatients,
mean self-study time per day, frequency of case confer-
ences per week, and supply of PPE for caring for a patient
with COVID-19, from a self-reporting questionnaire
sheet. The residents were divided into the following five
groups based on the number of COVID-19 patients they
treated: O patients, 1-10 patients, 11-20 patients, 21-30
patients, and 31 patients or more. The present study
defined experiencing care of one or more patients as the
presence of experience with COVID-19 (“0 patient” as no
experience).

The following training hospital variables were extracted
from the hospitals’ websites: the location of each hospi-
tal, region (47 prefectures in Japan), region-level state of
the COVID-19 pandemic, category of an infectious dis-
ease-designated medical institution, hospital function,
university hospital or community hospital, and adminis-
tration type. The high-incidence areas of COVID-19 were
determined from published websites, and there were 23
high-incidence areas among the 47 prefectures.

The outcome variables were determined from the
total and four categorical General Medicine In-Training
Examination scores: (1) general skills (medical interview
and professionalism), (2) symptomatology and clinical
reasoning, (3) physical examination and clinical proce-
dures, and (4) disease knowledge. In addition, the exami-
nation included one COVID-19-specific question, which
was developed by two certified physicians for selection
validity and reliability (Additional file 1 Supplementary
Questionnaire).

Page 3 of 13

Statistical analysis

The primary outcome measure was the General Medi-
cine In-Training Examination score. We examined the
difference in General Medicine In-Training Examina-
tion scores based on the presence and absence of expe-
rience in caring for patients with COVID-19, which was
estimated using linear generalized estimating equation
(GEE) models by clustering hospitals. The GEE does
not require many observations (i.e., physicians) in each
cluster (i.e., hospitals) to obtain valid point and inter-
val estimates as the number of clusters increases. The
model adjusted for resident variables (graduated years,
sex, desired specialty, general medicine rotation, internal
medicine rotation, night shift in ER department, num-
ber of care patients, study time, frequency of case con-
ference, and PPE supply) and hospital variables (hospital
location, hospital function, pandemic area for COVID-
19, designated hospitals for specified infectious diseases,
urban or rural, university or community hospital, and
administration type). A similar model was applied to the
COVID-19-specific question (binary outcome); the esti-
mate represented the difference in the correct response
rate between the groups. Each background variable was
analyzed for association of presence of experience with
COVID-19 in univariable and multivariable models using
clustered log-linear ‘modified’ Poisson models. Statistical
significance was set at a two-tailed p-value<0.05. All sta-
tistical analyses were performed using the geeglm func-
tion in the “geepack” package of the R software.

Results

Among the 7,669 residents who attempted the Gen-
eral Medicine In-Training Examination in January
2021 from 593 teaching hospitals, 6,049 residents were
finally included in this study (Fig. 1). The response rate
was 78.9%. It was found that 2,841 residents cared for
0 COVID-19 patients (47.0%; 95% confidence interval
[CI], 45.7-48.2%), 2,733 cared for 1-10 patients (45.2%),
305 cared for 11-20 patients (5.0%), 73 cared for 21-30
patients (1.2%), 97 cared for more than 31 patients
(1.6%). There was no significant tendency between the
total score of the General Medicine In-Training Examina-
tion (including scores of the four test categories) and the
number of experiences caring for patients with COVID-
19 (data not shown).

Table 1 reveals background characteristics divided into
resident and hospital variables. The number of male resi-
dents exceeded that of female residents. Most of the resi-
dent physicians (total 84%) sufficiently supplied PPE in
the fiscal year 2020. Training hospitals for residents were
more in rural than urban areas.

Table 2 shows resident variables associated with the
experience of caring for patients with COVID-19. Signifi-
cant residents’ variables associated with the experience
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n=7,669

Research participants

n=6,816

1 Excluded due to missing data in the
| following variables (n=767):

Final participants

! GM department rotation(n=654)

Im department rotation(n=670)
—y: ER night shift(n=656)

|

1

1

Preferred subspecialty (n=660)

Number of inpatients(n=661)
Study time(n=663)

Case conference(n=674)
COVID-19 patient management(n=680)

LPPE supply status(n=709) _ _ _ _ _ !

N=6,049

GM-ITE=general medicine in-training examination, GM=general medicine, IM=internal medicine,
COVID-19=coronavirus disease, PPE=personal protective equipment

Fig. 1 Inclusion criteria flow chart

were PGY-2, man, resident physicians who were inter-
ested in specialty as ER physicians, resident physicians
who worked greater hours in the ER, resident physicians
who cared for patients with COVID-19, resident physi-
cians who had a significant amount of study time, and
resident physicians who received a sufficient supply of
PPE.

Table 2 also includes hospital variables associated with
the experience of caring for patients with COVID-19.
Significant hospital variables associated with the experi-
ence were urban areas, Kanto (close to Tokyo) or Kinki
(close to Osaka), high-incidence areas for COVID-19,
and non-designated hospitals for specified infectious
diseases.

Sixty questions were provided in the General Medi-
cine In-Training Examination in January 2021. As shown
in Table 3, univariable GEE analysis of the relationship
between difference in General Medicine In-Training
Examination scores based on the experience in car-
ing for patients with COVID-19 revealed the following:
total score (score difference 0.436, 95% CI, 0.052-0.820;
p=0.026), symptomatology and clinical reasoning (score
difference 0.120, 95%CI, 0.001-0.238; p=0.047), and
COVID-19-related question (score difference 0.046,
95%CI, 0.023-0.069; p<0.001). After adjustment for
resident and hospital variables, the COVID-19-related
question (score difference 0.026, 95%CI, 0.003-0.049;
p=0.028) was significantly associated with experience in
caring for patients with COVID-19 (Table 3).

Discussion
The present study is the first to use nationwide data from
Japan to investigate the effect of caring for patients with
COVID-19 on the educational achievements of resident
physicians during the COVID-19 pandemic. Fewer than
half of the Japanese resident physicians (47%) had no
experience caring for COVID-19 patients in 2020. It was
found that experience in caring for patients with COVID-
19 did not significantly affect the total score obtained in
the General Medicine In-Training Examination, but it did
affect the score for the COVID-19-related question; resi-
dent physicians who had experience in treating patients
with COVID-19 scored higher than those who did not.

An unexpected finding was that approximately half
of the Japanese resident physicians (47%) did not care
for COVID-19 patients during the initial phase of the
COVID-19 pandemic. The result revealed that per-
centage of Japanese resident physicians with experi-
ence in COVID-19 is too low, even though it is early in
the COVID-19 pandemic. However, almost all cared for
in-patients and worked in the ER 3-5 times a month
(Table 1). Furthermore, in the initial phase of the
COVID-19 epidemic, the ER training frequency of the
Japanese resident physicians was almost the same as that
before the outbreak. Thus, training hospitals in rural and
non-contaminated areas could have failed to provide res-
ident physicians with the opportunity to care for patients
with COVID-19 (Table 2).

As mentioned earlier, the present study revealed
that COVID-19 care did not affect resident physicians’
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Table 1 Background variable (N=6,049)

Resident variable n (%)
Grade PGY-1 3,072 (51)
PGY-2 2977 (49)
Sex Male 4107 (68)
Female 1,942 (32)
Hoped specialty department Internal medicine 2,163 (36)
Surgery 1,258 (21)
General medicine 146 (2)
Emergency room 209 3)
Others 2,273 (38)
General medicine rotation No 3,461 (57)
Yes 2,588 (43)
Internal medicine rotation 0-5 month 1,182 (20)
6-10 month 3813 (63)
11-15 month 1,054 (17)
Emergency department duty per month 0 per month 218 (4
1-2 per month 927 (15)
3-5 per month 4255 (70)
>6 per month 617 (10)
Unknown 32 (1)
Care of in-patients 0-4 patients 1420 (23)
5-9 patients 3,633  (60)
10-14 patients 675 an
>15 patients 172 (3)
Unknown 149 )
Study time 0-30 minutes per day 2,059  (34)
31-60 minutes per day 2,515 (42)
61-90 minutes per day 1,007 (17)
>91 minutes per day 255 (4)
Unknown 213 (4)
Case conferences in a hospital 0 per week 990 (16)
1 per week 2,987 (49)
2 per week 1,268 (21)
3 per week 348 6)
4 per week 456 (8)
PPE supply status Completely sufficient supply 2,844 (47)
Sufficient supply 2,228 (37)
Neither 622 (10)
Insufficient supply 295 (5)
Completely insufficient supply 60 Q)
Hospital variable
Location Rural area 4,048 (67)
Urban area 2,001  (33)
Region Hokkaido 206 (3)
Tohoku 454 (8)
Kanto 1,751 (29)
Chubu 907 (15)
Kinki 1,353 (22)
Chugoku 389 6)
Shikoku 232 (4)
Kyushyu/Okinawa 757 (13)
Epidemic area for COVID-19 Non-contaminated area 2,605 (43)
Contaminated area 3,444  (57)
Category of infectious disease designated medical institution ~ Specific-designated medical institutions for specified infectious diseases 4 (0)
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Table 1 (continued)

Resident variable n (%)
Class 1-designated medical institutions for specified infectious diseases 570 9)
Class 2-designated medical institutions for specified infectious diseases 1,946 (32)
Non-designated medical institutions for specified infectious diseases 3529 (58)

Hospital function Small and middle-sized hospital 1,325 (22)
Advanced treatment hospital 712 (12)
Regional medical care support hospital 4,012 (66)

University or community hospital University 682  (11)
University-branch hospital 312 (9
Community hospital 5,055 (84)

Administration type National hospital organization's hospital 260 (4)
Japan community health care organization’s hospital 60 (1)
Industrial accident compensation hospital 140 (2)
Prefectural hospital 411 7)
Ordinance designated city hospital 161 (3)
Municipality-owned hospital 725 (12)
Others 4,286 (71)

COVID-19=coronavirus disease, PGY =post graduate year, PPE=personal protective equipment

General Medicine In-Training Examination scores. This
suggests that resident physicians who cared for patients
with COVID-19 did not experience a reduction in educa-
tional achievement. Perhaps because the ratio of resident
physicians who cared for over 21 patients with COVID-
19 was low (2.8%) in the early stage of the COVID-19
pandemic, indicating a low medical load, COVID-19 care
did not reduce education achievement. Moreover, caring
for patients with COVID-19 may improve clinical knowl-
edge associated with COVID-19 care; the COVID-19-re-
lated question was correctly answered by over 80% of the
resident physicians, as shown in Table 3. This question
has a 4.6% significance level for the correct answer rate
between the presence and absence of experience in car-
ing for patients with COVID-19, which may be valuable
for clinical practice. Therefore, experience of caring for
patients with COVID-19 may contribute to the acquisi-
tion of clinical knowledge, and COVID-19 care may not
negatively impact Japanese resident physicians’ educa-
tional outcomes.

In the sub-analysis of the number of experiences car-
ing for COVID-19 patients (data not shown), the univari-
able analysis showed no difference in General Medicine
In-Training Examination scores between the 0 patients,
1-20 patients, or >21 patients groups. The analysis found
a tendency for a sufficient supply of PPE and an increased
number of care for patients with COVID-19. This result
indicates that training hospitals with sufficient PPE sup-
ply were affirmatively involved in resident physicians’
training for COVID-19 care early in the COVID-19
pandemic. In a further sub-analysis between the PGY-1
and PGY-2, the same tendency was observed in the cor-
rect answer rate to the COVID-19-related question
and experience in caring for patients with COVID-19

(Additional file 2 Supplementary Table). However, among
only the PGY-2 resident physicians, experience in car-
ing for patients with COVID-19 was significantly asso-
ciated with the correct answer of the COVID-19-related
question (Additional file 2 Supplementary Table). Thus,
it may be speculated that those in PGY-2 had not only
more experience in but also greater responsibility toward
patient care, including of patients with COVID-19, than
those in PGY-1 [18].

To the best of our knowledge, this is the first multi-
level study to determine the relationship between expe-
rience in caring for COVID-19 patients and the medical
achievement of resident physicians. Extant studies have
examined the medical education of under-graduate med-
ical students during the COVID-19 pandemic [19-21].
However, only a few studies have qualitatively examined
the post-graduate medical education of resident physi-
cians [4, 22-25]. Previous research has focused on spe-
cific department resident physicians (e.g., emergency
medicine in the U.S., surgery in the Netherlands, and
surgery and anesthesiology in the U.S.) and used a small
sample of resident physicians. The present study exam-
ined the characteristics of resident physicians in various
departments. Therefore, the results of this study may be
useful for resident physicians in other countries with a
similar rotational system.

Furthermore, the sample size was large, accounting for
one-third of the resident physicians in Japan. In short,
among about 18,000 resident physicians reported by the
Japanese government [26], the present study involved
6,049 resident physicians. Therefore, this study has high
internal validity because of the large sample size. In addi-
tion, the General Medicine In-Training Examination has
been administered over a long period since 2011, with
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Table 3 Relationship between COVID-19 care and General Medicine In-Training examination score (univariable and multivariable-

adjusted linear generalized estimating equations analysis)

Univariable Multivariable adjusted

COVID-19 Mean Score 95%Cl p-value Score 95%Cl p-

care score difference difference value
Total (score, 0-60) no 2885  reference reference

experience

experience 2928 0436 0.052 0.820 0.026* 0.242 -0.128 0611 0.200
Medical Interview and Professionalism ~ no 2.89 reference reference
(score, 0-6) experience

experience  2.93 0.041 -0.027 0.109 0.230 0.008 -0.061 0.076 0.824
Symptomatology and Clinical Reason-  no 8.54 Reference reference
ing (score, 0-15) experience

experience  8.66 0.120 0.001 0.238 0.047*  0.069 -0.049 0.187 0.254
Physical Examination and Clinical Proce- no 6.71 reference reference
dures (score, 0-15) experience

experience  6.83 0.116 -0.01 0243 0.072 0.061 -0.074 0.196 0372
Disease Knowledge (score, 0-24) no 10.70  reference reference

experience

experience 1086  0.159 -0.04 0358 0.120 0.104 -0.089 0296 0292
COVID-19 related question (score, 0-1)  no 0.80 reference reference

experience

experience  0.85 0.046 0.023 0.069 <0.001* 0.026 0.003 0.049 0.028*

GM-ITE=general medicine in-training examination, COVID-19=coronavirus disease, Cl=confidence interval, * p<0.05

Estimates of the coefficients of COVID-19 management experience in linear generalized estimating equation models, including hospitals as clusters with the
independent working correlation structure. The interpretation of coefficients is the mean difference of scores (total score and scores in subject-specific areas) or

difference in correct answer rates (COVID-19-related question)
Multivariable model adjusted for resident-level and hospital-level variables

Resident variable: number of years since graduation, sex, hoped/preferred specialty, general medicine rotation, internal medicine rotation, emergency department
duty per month, number of care patients, study time, frequency of case conferences, and PPE supply

Hospital variable: hospital location, hospital function, epidemic area for COVID-19, designated medical institutions for specified infectious diseases, urban or rural,

university or community hospital, administration type

an increasing number of resident physicians attempting
it (data not shown); thus, the examination score is highly
reliable.

However, the study has some limitations. First, we
studied the relationship between the experience in caring
for patients with COVID-19 and the resident physicians’
General Medicine In-Training Examination score for only
one year, that is, during the COVID-19 pandemic. The
training environment for resident physicians has changed
every year since the pandemic. Therefore, additional lon-
gitudinal analysis might highlight the effects of COVID-
19 care and COVID-19-specific knowledge on some of
the four categories, including medical interviews and
professionalism, symptomatology and clinical reasoning,
physical examination and clinical procedures, and dis-
ease knowledge. Second, this study did not include all the
participants from training hospitals in Japan. Third, only
one question in the study was related to the COVID-19.
Fourth, our study has a cross-sectional design; thus, the
results cannot explain the causal relationship between
COVID-19 care and the score for the COVID-19-related
question. Furthermore, this study could not identify a
correlation between the number of experiences caring
for patients with COVID-19 and the General Medicine

In-Training Examination score (sub-analysis finding, data
not shown). Additionally, other aspects of the different
services of care for patients with COVID-19 were not
considered in this study.

Consequently, future studies are needed to clarify the
appropriate number of experiences caring for patients
with COVID-19 during residency training. A longitudi-
nal study with more detailed questions on the experience
of caring for patients with COVID-19 is required to con-
tribute to COVID-19 residency training.

Conclusion

COVID-19 care provided by Japanese resident physicians
did not affect the General Medicine In-Training Exami-
nation score; however, it did highlight an improvement
in the score on the COVID-19-related question. There-
fore, experience in caring for patients with COVID-19
is important for effective training in the management of
COVID-19 infection.
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