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Abstract

Background: The number of people undergoing cancer screening decreased during the COVID-19 pandemic. The pandemic
may have affected the willingness and motivation of undergoing cancer screening by those eligible for it.

Objective: This study aims to clarify the effect of the COVID-19 pandemic on the intention to undergo cancer and
esophagogastroduodenoscopy (EGD) screening.

Methods: We performed a web-based survey on the intention to undergo screening among 1236 men and women aged 20-79
years. The numbers of participants by sex and 10-year age groups were equal. The survey was conducted in January 2021, during
which the government declared a state of emergency because of the third wave of the COVID-19 pandemic in Japan. Emergency
declarations were issued in 11 prefectures among all the 47 prefectures in Japan.

Results: In total, 66.1% (817/1236) of the participants felt anxious about undergoing screening due to COVID-19. More women
than men were anxious about undergoing screening. By modality, EGD had the highest percentage of participants with anxiety
due to COVID-19. Regarding the intention to change the participants’ appointment for screening, the most common strategies
were to book an appointment for a time during nonpeak hours, postpone the appointment to a later date, and change the mode of
transportation. In addition, 35.8% (442/1236) of the participants were willing to cancel this year’s screening appointment. Among
the 1236 participants, 757 (61.2%) were scheduled for screening in 2020. Of the 757 participants in this subgroup, 68% (n=515)
did not change the schedule, 6.1% (n=46) cancelled, and 26% (n=197) made some changes, including changing the appointment
date, hospital, or mode of transportation. Among the 296 participants scheduled for EGD screening, 18.9% (n=56) made some
changes, 5.7% (n=17) cancelled on their own, and 2.7% (n=8) cancelled on the hospital’s order. Based on the previous screening
results, the percentage of participants who felt anxious about EGD due to the COVID-19 pandemic was higher in the order of
those who had not undergone screening and those who were judged to be in need of further examination in screening but did not
visit a hospital for it. In the logistic regression analysis, the factors associated with anxiety about EGD screening due to the
COVID-19 pandemic were “viral infection prevention measures,” “waiting time,” “fees (medical expenses),” “mode of
transportation,” “worry about my social position if I contracted COVID-19,” and “perceived the risk of gastric cancer.” However,
“residence in declared emergency area” was not associated with EGD anxiety due to COVID-19.

Conclusions: Excessive anxiety about COVID-19 may lead to serious outcomes, such as a “decreasing intention to undergo
EGD screening,” and it is necessary to thoroughly implement infection prevention measures and provide correct information to
examinees.
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Introduction

The COVID-19 pandemic has led to severe restrictions in almost
all countries and has affected many health care services
worldwide. It disrupted the use of preventive health care
services. In the United States, the American College of
Radiology supported the postponement and rescheduling of
nonurgent care, including cancer screening [1]. Screening for
cancer is a proven and recommended approach to prevent deaths
owing to cancer. The number of people undergoing cancer
screening decreased during the COVID-19 pandemic [2].
Although there was an increase in the number of cancer
screening tests beginning in late 2020, screenings remained
between 29% and 36%, lower than those in the prepandemic
era [3]. Coma et al [4] reported that during the pandemic, the
number of malignant neoplasms decreased in all age groups,
and the number of colonoscopies and mammograms also
decreased. However, the number of chest radiographies
increased. Another study conducted in north-eastern United
States during the COVID-19 pandemic revealed a significant
decrease in the number of patients undergoing screening tests
for cancer and in the number of ensuing diagnoses of cancerous
and precancerous lesions [5]. According to a survey conducted
by the Japan Cancer Society, the number of people undergoing
cancer screening in 2020 decreased by 30.5% compared with
the number of screenings in the previous year. Consequently,
the COVID-19 pandemic could disrupt oncology care by
delaying the diagnosis and surgical treatment of cancer owing
to reduced screening, thereby leading to the long-term
consequence of projected increases in cancer-related deaths [6].
The reduction in the number of cancer screenings has been
attributed to health care providers. Health care provider
constraints included restrictions on elective procedures and
shortages of health care staff owing to redeployment to help
with pandemic-related care [7]. At the start of the pandemic,
elective medical procedures, including cancer screening, were
put on hold to conserve medical resources and reduce the risk
of spreading COVID-19 in health care settings. However, health
systems are now back to scheduling cancer screening tests and
examinations. Even when health care providers have increased
the availability of preventive care and cancer screenings, many
patients face constraints such as loss of income and
employer-based insurance coverage [2] and fear of contracting
COVID-19 during in-person health care visits [8]. To increase
the number of people who receive screening while the
COVID-19 pandemic continues, it is necessary to survey the
intention to be screened. However, to our knowledge, no studies
have investigated the causes of refraining from undergoing
cancer screening because of the effect of the COVID-19
pandemic.

This study aimed to examine the predictors of anxiety around
cancer screening owing to the COVID-19 pandemic, with a
focus on esophagogastroduodenoscopy (EGD).

Methods

Survey Method and Participants
All participants were recruited using an internet panel survey
company, as we have previously reported [9-11]. All participants
were registered as panel members with the company. The
participants of this study included registered panel members
aged between 20 and 79 years. First, to recruit participants, the
survey company created a list using random sampling across
all registers. Next, an email that gauges interest in survey
participation was sent to all the individuals on this list.
Registration was ended when the number of participants in each
group reached the target sample size to ensure that the number
of participants by sex and 10-year age groups was similar.
Participants completed and provided their responses via mail.
After completing the survey, participants received a small cash
reward. This study comprised 1236 participants aged 20-79
years. Each group was balanced for age and sex. Assuming a
confidence level of 95%, a margin of error of 5%, and an
expected response rate of 50%, the required sample size was
calculated to be 384. When the margin of error was assumed to
be 3%, the required sample size was calculated to be 1067.
Therefore, the sample size of 1236 was considered sufficient
for the analysis. The survey was conducted in January 2021,
when the Japanese government declared a state of emergency
during the third COVID-19 pandemic. Emergency declarations
were issued in the following 11 prefectures among all the 47
prefectures in Japan: Tochigi, Saitama, Chiba, Tokyo,
Kanagawa, Gifu, Aichi, Kyoto, Osaka, Hyogo, and Fukuoka.

Survey of Intention to Undergo Screening During the
COVID-19 Pandemic
We conducted an internet survey to assess selected measures
of interest, that is, sex, age, place of residence, plans to undergo
screening or EGD screening in 2020, results of previous
screening, anxiety about undergoing screening due to the
COVID-19 pandemic, concerns about undergoing EGD
screening due to the COVID-19 pandemic, things to be
concerned about if you have COVID-19, and whether you feel
you are at risk of having gastric cancer (Multimedia Appendix
1).

Statistical Analyses
Continuous variables were compared between study groups
using the t test (2-tailed). Categorical variables were compared
using a chi-squared test. Logistic regression analysis was
performed with anxiety regarding EGD screening due to the
COVID-19 pandemic as the dependent variable. The
independent variables included anxiety about viral infection
control measures, waiting times, fees (medical expenses), mode
of transportation, crowdedness, worry about own social position
in case of contracting COVID-19, worry about own health in
case of contracting COVID-19, worry about family member’s
social position in case of contracting COVID-19, worry about
health risk to family members in case of contracting COVID-19,
perceived risk of contracting gastric cancer, and residence in a
declared emergency area.
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All statistical analyses were performed using SPSS version 27.0
(IBM Corp). Statistical significance was set at P<.05.

Ethics Approval
This study was approved by the Ethics Committee of the
National Institute of Public Health, Japan (NIPH-IBRA#12302,
approval date: November 17, 2020). All participants provided
informed consent for data collection and storage. Written
informed consent for participation in the study was obtained at
the time of registration.

Patient and Public Involvement Statement
Patients or the public were not involved in the design, conduct,
reporting, or dissemination plans of our research.

Results

Baseline Characteristics of Participants Concerning
Anxiety About Screening Due to COVID-19
The background characteristics of the participants are shown
in Multimedia Appendix 2. The average age of the participants
was 49.4 (SD 16.5) years, with equal numbers in each 10-year
age group and both sexes. Moreover, of the 1236 participants,
63.3% (n=783) resided in a declared emergency area.
Furthermore, 66.1% (n=817) responded that they were anxious
about undergoing screening due to the COVID-19 pandemic.
There were more women than men in the group who were
anxious about undergoing screening, but there were no
significant differences in age or the percentage of people who
resided in a declared emergency area (Table 1).

Participants who were anxious about receiving screening due
to COVID-19 were significantly more likely to worry about

their own health, the health risk of their family members, their
own social position, or the social position of their family
members if they had COVID-19 compared with those who were
not anxious (Figure 1).

Excessive crowdedness was the most common concern regarding
screening (n=1036, 83.8%), followed by waiting time (n=966,
78.2%), viral infection control measures (n=958, 77.5%),
transportation (n=786, 63.6%), and fees (n=734, 59.4%; Table
2). By modality, the percentage of participants who felt anxious
because of COVID-19 was higher for EGD and colonoscopy
(Table 3).

Regarding the intention to change the screening, the most
common strategies were to book an appointment for a time
during nonpeak hours, postpone the appointment to a later date,
and change the mode of transportation. In addition, 35.8%
(442/1236) of the participants were willing to cancel this year’s
checkup (Table 4).

Among the 1236 participants, 757 (61.2%) were scheduled for
screening in 2020. In this subgroup of 757 participants, 68%
(n=515) did not change the schedule, 6.1% (n=46) cancelled,
and 26% (n=197) made some changes, such as booking an
appointment for a time during the nonpeak hours, postponing
the appointment to a later date, or changing the hospital or mode
of transportation (Table 5).

Among participants scheduled for screening, 18.9% (56/296)
of those scheduled for EGD and 19.6% (37/189) of those
scheduled for colonoscopy screening made some changes.
Among participants scheduled for EGD, 5.7% (17/296)
cancelled on their own, and 2.7% (8/296) cancelled on the
hospital’s order (Table 6).

Table 1. Anxiety about receiving a screening due to COVID-19 (N=1236).

P valueAnxietyCharacteristics

No (n=419)Yes (n=817)

<.001Sex, n (%)

246 (58.7)372 (45.5)Male

173 (41.3)445 (54.5)Female

.5649.8 (17.0)49.2 (16.2)Age (years), mean (SD)

.21255 (60.9)528 （64.6）Declared emergency area, n (%)
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Figure 1. Association between anxiety due to having COVID-19 and intention of screening. A. The question was as follows: If you have COVID-19,
are you concerned about your health? B. The question was as follows: If you have COVID-19, are you concerned about the health of your family
members? C. The question was as follows: If you have COVID-19, are you concerned about your social status? D. The question was as follows: If you
have COVID-19, are you concerned about the social status of your family members?

Table 2. Concerns due to the effect of the COVID-19 pandemic in screening.

No, n (%)Yes, n (%)Concerns

200 (16.2)1036 (83.8)Crowdedness

270 (1.8)966 (78.2)Waiting time

278 (22.5)958 (77.5)Viral infection control measures

450 (36.4)786 (63.6)Transportation

502 (40.6)734 (59.4)Fees (medical expenses)
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Table 3. Anxiety due to the effect of COVID-19 by modality.

No, n (%)Yes, n (%)Modality

726 (58.7)510 (41.3)EGDa

751 (60.8)485 (39.2)Colonoscopy

823 (66.6)413 (33.4)CTb

827 (66.9)409 (33.1)MRIc

834 (67.5)402 (32.5)Ultrasonography

aEGD: esophagogastroduodenoscopy.
bCT: computed tomography.
cMRI: magnetic resonance imaging.

Table 4. Intentions to change screening due to the COVID-19 pandemic.

No, n (%)Yes, n (%)Variable

263 (21.3)973 (78.7）Book an appointment for a time during the nonpeak hours

644 (52.1)592 (47.9)Postponement

659 (53.3)577 (46.7)Change of transportation

690 (55.8)546 (44.2)Change to a nearby hospital

794 (64.2)442 (35.8)Cancel this year’s screening

1023 (52.8)213 (17.2)Change to a large hospital

Table 5. Changes made regarding screening (n=757; multiple answers).

Value, n (%)Variable

515 (68)Nothing changed

95 (12.5)Book an appointment for a time during the nonpeak hours

63 (8.3)Postponed

45 (5.9)Changed to a nearby hospital

32 (4.2)Changed the mode of transportation

9 (1.2)Changed to a large hospital

7 (1)Others

46 (6.1)Cancelled this year’s screening

Table 6. Changes made regarding examinations for screening.

No changeCancelled on the
hospital’s orders,
n (%)

Cancelled at your
own will, n (%)

Postponed on hospital
order, n (%)

Postponed at own
will, n (%)

Total participants
scheduled for testing, n

Modality

240 (81.1)8 (2.7)17 (5.7)11 (3.7)20 (6.8)296EGDa

152 (80.4)4 (2.1)14 (7.4)10 (5.3)9 (4.8)189Colonoscopy

179 (82.9)3 (1.4)8 (3.7)12 (5.6)14 (6.5)216CTb

170 (82.9)6 (2.9)10 (4.9)11 (5.4)8 (3.9)205MRIc

288 (84.5)8 (2.3)17 (5.0)10 (2.9)18 (5.3)341Ultrasonography

aEGD: esophagogastroduodenoscopy.
bCT: computed tomography.
cMRI: magnetic resonance imaging.
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Percentage of Anxiety Stratified by Previous Screening
Result
The proportion of “anxiety about EGD due to the COVID-19
pandemic” responses was analyzed according to the results of
the previous screening. Based on previous screening results,
participants who had not undergone prior screening had the
highest amount of anxiety about EGD screening due to the
COVID-19 pandemic (52%). Participants who were judged as

needing extended examination but did not go for it had the
second highest rate of anxiety about EGD (44%) (Figure 2,
section A). Participants who were judged as needing extended
examination but did not go for further screening had the highest
amount of anxiety about visiting the hospital due to the
COVID-19 pandemic (84%). Participants who had not
undergone prior screening had the second highest rate of anxiety
about visiting the hospital (73%) (Figure 2, section B).

Figure 2. Percentages of respondents reporting anxiety stratified by previous screening result. A. The question was as follows: Do you feel anxious
about having EGD screening due to the COVID-19 pandemic? B. The question was as follows: Do you feel anxious about visiting a hospital due to the
COVID-19 pandemic? EGD: esophagogastroduodenoscopy.

Feeling at Risk of Developing Gastric Cancer and
Anxiety About EGD Screening Due to the COVID-19
Pandemic
We compared “anxiety about EGD screening due to the
COVID-19 pandemic’”between participant subgroups classified
based on whether or not they felt at risk of contracting gastric
cancer. There were 385 participants who felt that they were at

risk of contracting gastric cancer, of whom 195 (50.6%) were
anxious about EGD screening due to the COVID-19 pandemic.
There were 851 patients who did not feel at risk for gastric
cancer, of whom 315 (37.0%) were anxious about EGD due to
the COVID-19 pandemic. The percentage of “anxiety about
EGD screening” was significantly higher in the “feel the risk
of contracting gastric cancer” group compared to the “do not
feel the risk of contracting gastric cancer” group (Figure 3).
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Figure 3. Percentages of respondents with “anxiety about EGD screening” in the “feel the risk of contracting gastric cancer” and the “do not feel the
risk of contracting gastric cancer” groups. EGD: esophagogastroduodenoscopy.

Factors Associated With Anxiety About EGD
Screening Due to the COVID-19 Pandemic
The factors associated with anxiety concerning EGD screening
due to COVID-19 were examined using logistic regression
analysis (Table 7).

The following factors were related to anxiety regarding EGD
screening anxiety due to the COVID-19 pandemic: “viral
infection prevention measures,” “waiting time,” “fees (medical

expenses),” “mode of transportation,” “worry about my social
position if I contracted COVID-19,” and “perceived the risk of
gastric cancer.” However, the following responses were not
associated with anxiety about EGD due to the COVID-19
pandemic: “residence in declared emergency area,” “worry
about my health if I contracted COVID-19,” “crowdedness,”
“worry about health risk of my family members if I contracted
COVID-19,” or “worry about social position of my family
members if I contracted COVID-19.”

Table 7. Factors associated with anxiety about esophagogastroduodenoscopy screening due to the COVID-19 pandemic.

ValuesVariables

P valueOdds ratio (95% CI)

<.0013.7 (2.2-6.3)Viral infection control measures

<.0012.7 (1.6-4.6)Waiting time

<.0011.8 (1.4-2.4)Fees (medical expenses)

.0021.7 (1.2-2.3)Mode of transportation

.0081.5 (1.1-2.0)Worry about my social position if I contracted COVID-19

.011.4 (1.1-1.8)Perceived the risk of gastric cancer

.191.2 (0.9-1.6)Residence in a declared emergency area

.541.1 (0.73-1.8)Worry about my health if I contracted COVID-19

.790.92 (0.51-1.7)Crowdedness

.980.99 (0.61-1.6)Worry about the health risk of my family members if I contracted COVID-19

.321.2 (0.84-1.7)Worry about the social position of my family members if I contracted COVID-19

Discussion

Principal Findings
In this study, we conducted a web-based survey on the intention
to undergo cancer and EGD screening. In total, 66.1% of
participants responded that they felt anxious about undergoing
screening owing to the pandemic. With respect to modality, the
percentage of participants who felt anxious about screening was
the highest for EGD. Factors associated with anxiety around
EGD owing to the COVID-19 pandemic were “viral infection

prevention measures,” “waiting time,” “fees (medical
expenses),” “mode of transportation,” “worry about my social
position if I contracted COVID-19,” and “perceived the risk of
gastric cancer.” However, residing in a declared emergency
area was not associated with anxiety around EGD screening
owing to the COVID-19 pandemic. According to a previous
screening result, the percentage of “concerned about EGD due
to the COVID-19 pandemic” was higher in the groups who had
not undergone screening or who needed extended examination
but did not undergo it.
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The World Health Organization declared the COVID-19
pandemic on March 11, 2020. Plans were put in place to reserve
capacity for the surge in COVID-19 clinical care, including the
suspension of elective care. In Japan, the Ministry of Health,
Labour and Welfare issued a notification, stating that in areas
where a state of emergency has been declared, only mass
screenings should be postponed during the period the emergency
declaration is in effect, and that those who are unable to receive
screenings due to postponement will be given another
opportunity to receive screening. Hospitals and clinics reduced
appointments for cancer screening and nonemergency care to
prepare for the diagnosis and treatment of patients with
COVID-19 and to prevent the spread of the infection during the
periods of emergency declaration, that is, from April to May
2020, and again from January to March 2021. The Japan Cancer
Society reported that the number of people receiving cancer
screenings in 2020 decreased by 30.5% compared to 2019, and
that the number of cancer diagnoses in 2020 was 9.2% lower
compared to the previous year (2019). This suggests that the
decrease in the number of cancer diagnoses can be attributed
to the temporary suspension of cancer screening due to the
COVID-19 pandemic and the decrease in the number of people
receiving screening due to refraining from visiting hospitals
and going outside. In Taiwan, the number of mammography
screening examinations decreased in 2020, although the medical
system was not disrupted due to the COVID-19 pandemic, likely
due to the influence of the population’s perceived risk on their
willingness to attend screening [12]. In our survey, 66.1% of
the participants felt anxious about undergoing cancer screening
regardless of whether they resided in a prefecture where a state
of emergency was declared. With the spread of COVID-19, the
deterioration of public mental health has become a major global
and social problem. A web survey conducted in August 2020
among Japanese participants revealed that 73.2% of the
respondents experienced perceived stress related to the
COVID-19 pandemic, 34.9% felt intense stress associated with
COVID-19, 17.1% were depressed, and 13.5% had severe
anxiety symptoms [13]. Therefore, the psychological burden
caused by COVID-19 could have affected the intention to
undergo screening.

Various factors such as sex, age, marital status, education,
occupation and income, place of residence, contact history with
patients with COVID-19, and comorbidities were associated
with mental health problems such as stress, depression, and
anxiety [14-16]. During the COVID-19 pandemic, psychiatric
disorders such as depression and anxiety were more prevalent
in women than in men [13,17,18]. In this study, more women
than men were anxious about undergoing screening.
Epidemiological sex differences in anxiety disorders and major
depression are well characterized. Anxiety and major depressive
disorders are more common in women than in men [19,20].
Besides psychological and cultural factors, biological factors
contribute to these sex differences [21]. Therefore, it is likely
that there are sex differences in anxiety about undergoing
screening owing to COVID-19.

By modality, the percentage of participants who felt anxious
due to the COVID-19 pandemic was highest for EGD and
colonoscopy, respectively. Malignant neoplasms are the leading

cause of death in Japan. Colorectal cancer was the most common
cancer type in 2018, followed by gastric cancer. In 2019,
colorectal cancer was the second most common cause of
cancer-related mortality, followed by gastric cancer. Delays in
screening will increase the number of advanced cancers and
deaths in the near future.

In a French study investigating the effect of the COVID-19
pandemic on EGD screening in France, 98.7% of endoscopists
had cancelled endoscopies, and 73.6% of them had closed the
endoscopy outpatient clinic [22]. COVID-19 spreads primarily
through droplets of saliva, although airborne transmission and
fecal excretion have been documented [23,24]. Severe acute
respiratory syndrome coronavirus 2 can survive in the air for
several hours [25]. Health care professionals in endoscopy are
exposed to COVID-19 through contact with saliva droplets on
their face and in airways, via touch contamination, and through
contact with a patient’s stool [26,27]. Aerosol infections around
endoscopes have also been reported, making EGD among the
major aerosol-generating procedures [28,29]. In EGD, where
the risk of droplet diffusion and aerosol generation is high,
careful measures, such as patient triage and thorough infection
protection, are required [30]. Guidelines for endoscopy during
the COVID-19 pandemic have been developed [31]. The Japan
Gastroenterological Endoscopy Society has published a proposal
on its website regarding gastrointestinal endoscopic care for
COVID-19. In this survey, we did not ask about the risk for
COVID-19 infection from aerosol in EGD, but it is hypothesized
that the participants felt anxious about EGD because it is a
face-to-face examination compared to other modalities.

In a Japanese study, the Comprehensive Survey of Living
Conditions reported a 39% participation rate in gastric cancer
screening in 2019. Cancer screening rates in Japan are lower
than those in other countries, such as the United Kingdom and
Korea. In this study, the percentage of “concerned about EGD
due to the COVID-19 pandemic” was higher compared to
“haven’t undergone screening” and “needed further examination
but did not go for it” based on previous screening results. It is
a concern that those who do not undergo screening or visit
hospitals for further examination will become increasingly
reluctant to do so. In addition, one of the factors associated with
EGD screening anxiety due to the COVID-19 pandemic was
“perceived to be the risk of gastric cancer.” These results suggest
a decrease in the number of gastric cancer screenings and a
delay in the detection of gastric cancer. Other factors associated
with anxiety around EGD screening due to the COVID-19
pandemic were “viral infection prevention measures,” “waiting
time,” “fees (medical expenses),” and “mode of transportation.”
Medical institutions and the government must reassure citizens
by informing them that appropriate infection prevention
measures are being taken during cancer screening.

This study had several limitations. First, we used an internet
panel survey company to collect data. While we could obtain
responses regarding a wide range of demographic factors such
as age, occupation, and income, these groups were not
representative of the general population in Japan. However,
web surveys have recently become a common method for
conducting studies [32,33]. Second, the spread of infection
changes daily and varies across regions; however, the survey
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did not consider this effect. Third, because we did not ask
respondents whether they ever had COVID-19, we do not know
the effect of the respondents’personal experiences with previous
infection on their anxiety. Finally, the cross-sectional design of
this study made it difficult to assess causality.

Conclusions
This is the first survey-based study to examine the effects of
the COVID-19 pandemic on the intention to undergo cancer
screening. Most participants were anxious about undergoing
screening owing to COVID-19 regardless of whether they
resided in a prefecture where a state of emergency was declared,

and the percentage of anxiety was higher for EGD than for other
modalities. “Viral infection prevention measures,” “waiting
time,” “fees (medical expenses),” “mode of transportation,”
“worry about my social position if I contracted COVID-19,”
and “perceived the risk of gastric cancer” were associated with
anxiety about EGD screening anxiety owing to the COVID-19
pandemic. Excessive anxiety about COVID-19 leads to serious
outcomes such as delayed detection of cancer and increased
cancer-related deaths. Thus, it is necessary to thoroughly
implement infection prevention measures and provide correct
information to examinees.

Acknowledgments
This research received no specific grant from any funding agency in the public, commercial, or not-for-profit sectors.

Data Availability
The data sets generated during this study are available from the corresponding author upon reasonable request.

Authors' Contributions
TA and MA were responsible for the conception and design of the study and for the analysis of data. MA and YN contributed to
acquisition of data. TA, YN, MA, and HY were responsible for the interpretation of data as well as drafting and revising the
manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Questionnaire survey.
[DOCX File , 20 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Background characteristics of the participants.
[PPTX File , 56 KB-Multimedia Appendix 2]

References

1. Prabhakar AM, Glover M, Schaefer PW, Brink JA. Academic radiology departmental operational strategy related to the
coronavirus disease 2019 (COVID-19) pandemic. J Am Coll Radiol 2020 Jun;17(6):730-733 [FREE Full text] [doi:
10.1016/j.jacr.2020.04.004] [Medline: 32315599]

2. Cancino RS, Su Z, Mesa R, Tomlinson GE, Wang J. The impact of COVID-19 on cancer screening: Challenges and
opportunities. JMIR Cancer 2020 Oct 29;6(2):e21697 [FREE Full text] [doi: 10.2196/21697] [Medline: 33027039]

3. Shah SK, McElfish PA. Cancer screening recommendations during the COVID-19 pandemic: Scoping review. JMIR Cancer
2022 Feb 24;8(1):e34392 [FREE Full text] [doi: 10.2196/34392] [Medline: 35142621]

4. Coma E, Guiriguet C, Mora N, Marzo-Castillejo M, Benítez M, Méndez-Boo L, et al. Impact of the COVID-19 pandemic
and related control measures on cancer diagnosis in Catalonia: a time-series analysis of primary care electronic health
records covering about five million people. BMJ Open 2021 May 18;11(5):e047567 [FREE Full text] [doi:
10.1136/bmjopen-2020-047567] [Medline: 34006554]

5. Bakouny Z, Paciotti M, Schmidt AL, Lipsitz SR, Choueiri TK, Trinh Q. Cancer screening tests and cancer diagnoses during
the COVID-19 pandemic. JAMA Oncol 2021 Mar 01;7(3):458-460 [FREE Full text] [doi: 10.1001/jamaoncol.2020.7600]
[Medline: 33443549]

6. Sharpless NE. COVID-19 and cancer. Science 2020 Jun 19;368(6497):1290. [doi: 10.1126/science.abd3377] [Medline:
32554570]

7. Basu P, Alhomoud S, Taghavi K, Carvalho AL, Lucas E, Baussano I. Cancer screening in the coronavirus pandemic era:
Adjusting to a new situation. JCO Glob Oncol 2021 Mar;7:416-424 [FREE Full text] [doi: 10.1200/GO.21.00033] [Medline:
33784177]

JMIR Cancer 2022 | vol. 8 | iss. 4 | e40600 | p. 9https://cancer.jmir.org/2022/4/e40600
(page number not for citation purposes)

Akahane et alJMIR CANCER

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=cancer_v8i4e40600_app1.docx&filename=1336640d7df6f8f1a258db74c10aa6ce.docx
https://jmir.org/api/download?alt_name=cancer_v8i4e40600_app1.docx&filename=1336640d7df6f8f1a258db74c10aa6ce.docx
https://jmir.org/api/download?alt_name=cancer_v8i4e40600_app2.pptx&filename=a5ffe6a3b645233d37325c701b654940.pptx
https://jmir.org/api/download?alt_name=cancer_v8i4e40600_app2.pptx&filename=a5ffe6a3b645233d37325c701b654940.pptx
https://europepmc.org/abstract/MED/32315599
http://dx.doi.org/10.1016/j.jacr.2020.04.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32315599&dopt=Abstract
https://cancer.jmir.org/2020/2/e21697/
http://dx.doi.org/10.2196/21697
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33027039&dopt=Abstract
https://cancer.jmir.org/2022/1/e34392/
http://dx.doi.org/10.2196/34392
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35142621&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=34006554
http://dx.doi.org/10.1136/bmjopen-2020-047567
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34006554&dopt=Abstract
https://europepmc.org/abstract/MED/33443549
http://dx.doi.org/10.1001/jamaoncol.2020.7600
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33443549&dopt=Abstract
http://dx.doi.org/10.1126/science.abd3377
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32554570&dopt=Abstract
https://europepmc.org/abstract/MED/33784177
http://dx.doi.org/10.1200/GO.21.00033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33784177&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


8. Moore R, Zielinski MJ, Thompson RG, Willis DE, Purvis RS, McElfish PA. "This Pandemic Is Making Me More Anxious
about My Welfare and the Welfare of Others:" COVID-19 stressors and mental health. Int J Environ Res Public Health
2021 May 26;18(11):5680 [FREE Full text] [doi: 10.3390/ijerph18115680] [Medline: 34073187]

9. Akahane M, Maeyashiki A, Yoshihara S, Tanaka Y, Imamura T. Relationship between difficulties in daily activities and
falling: Loco-check as a self-assessment of fall risk. Interact J Med Res 2016 Jun 20;5(2):e20 [FREE Full text] [doi:
10.2196/ijmr.5590] [Medline: 27323871]

10. Akahane M, Yoshihara S, Maeyashiki A, Tanaka Y, Imamura T. Lifestyle factors are significantly associated with the
locomotive syndrome: a cross-sectional study. BMC Geriatr 2017 Oct 18;17(1):241 [FREE Full text] [doi:
10.1186/s12877-017-0630-1] [Medline: 29047351]

11. Akahane M, Maeyashiki A, Tanaka Y, Imamura T. The impact of musculoskeletal diseases on the presence of locomotive
syndrome. Mod Rheumatol 2019 Jan;29(1):151-156 [FREE Full text] [doi: 10.1080/14397595.2018.1452173] [Medline:
29529893]

12. Peng S, Yang K, Chan WP, Wang Y, Lin L, Yen AM, et al. Impact of the COVID-19 pandemic on a population-based
breast cancer screening program. Cancer 2020 Dec 15;126(24):5202-5205 [FREE Full text] [doi: 10.1002/cncr.33180]
[Medline: 32914864]

13. Midorikawa H, Tachikawa H, Taguchi T, Shiratori Y, Takahashi A, Takahashi S, et al. Demographics associated with
stress, severe mental distress, and anxiety symptoms during the COVID-19 pandemic in Japan: Nationwide cross-sectional
web-based survey. JMIR Public Health Surveill 2021 Nov 22;7(11):e29970 [FREE Full text] [doi: 10.2196/29970] [Medline:
34653018]

14. Hossain MM, Tasnim S, Sultana A, Faizah F, Mazumder H, Zou L, et al. Epidemiology of mental health problems in
COVID-19: a review. F1000Res 2020;9:636 [FREE Full text] [doi: 10.12688/f1000research.24457.1] [Medline: 33093946]

15. Wu M, Han H, Lin T, Chen M, Wu J, Du X, et al. Prevalence and risk factors of mental distress in China during the outbreak
of COVID-19: A national cross-sectional survey. Brain Behav 2020 Nov;10(11):e01818 [FREE Full text] [doi:
10.1002/brb3.1818] [Medline: 32869541]

16. Giorgi G, Lecca LI, Alessio F, Finstad GL, Bondanini G, Lulli LG, et al. COVID-19-related mental health effects in the
workplace: A narrative review. Int J Environ Res Public Health 2020 Oct 27;17(21):7857 [FREE Full text] [doi:
10.3390/ijerph17217857] [Medline: 33120930]

17. Rosenblum S, Cohen Elimelech O. Gender differences in state anxiety related to daily function among older adults during
the COVID-19 pandemic: Questionnaire study. JMIR Aging 2021 Jun 03;4(2):e25876 [FREE Full text] [doi: 10.2196/25876]
[Medline: 33939623]

18. Vallières F, Murphy J, McBride O, Shevlin M, Gilmore B, Travers Á, et al. The role of psychosocial factors in explaining
sex differences in major depression and generalized anxiety during the COVID-19 pandemic. BMC Public Health 2022
Aug 17;22(1):1563 [FREE Full text] [doi: 10.1186/s12889-022-13954-8] [Medline: 35978320]

19. Altemus M, Sarvaiya N, Neill Epperson C. Sex differences in anxiety and depression clinical perspectives. Front
Neuroendocrinol 2014 Aug;35(3):320-330 [FREE Full text] [doi: 10.1016/j.yfrne.2014.05.004] [Medline: 24887405]

20. Kessler RC, Petukhova M, Sampson NA, Zaslavsky AM, Wittchen H. Twelve-month and lifetime prevalence and lifetime
morbid risk of anxiety and mood disorders in the United States. Int J Methods Psychiatr Res 2012 Sep;21(3):169-184 [FREE
Full text] [doi: 10.1002/mpr.1359] [Medline: 22865617]

21. Bangasser DA, Cuarenta A. Sex differences in anxiety and depression: circuits and mechanisms. Nat Rev Neurosci 2021
Nov;22(11):674-684. [doi: 10.1038/s41583-021-00513-0] [Medline: 34545241]

22. Belle A, Barret M, Bernardini D, Tarrerias A, Bories E, Costil V, French Society of Digestive Endoscopy (Société Française
d’Endoscopie Digestive). Impact of the COVID-19 pandemic on gastrointestinal endoscopy activity in France. Endoscopy
2020 Dec;52(12):1111-1115 [FREE Full text] [doi: 10.1055/a-1201-9618] [Medline: 32557489]

23. Tian Y, Rong L, Nian W, He Y. Review article: gastrointestinal features in COVID-19 and the possibility of faecal
transmission. Aliment Pharmacol Ther 2020 May;51(9):843-851 [FREE Full text] [doi: 10.1111/apt.15731] [Medline:
32222988]

24. Wilson NM, Norton A, Young FP, Collins DW. Airborne transmission of severe acute respiratory syndrome coronavirus-2
to healthcare workers: a narrative review. Anaesthesia 2020 Aug;75(8):1086-1095 [FREE Full text] [doi: 10.1111/anae.15093]
[Medline: 32311771]

25. van Doremalen N, Bushmaker T, Morris DH, Holbrook MG, Gamble A, Williamson BN, et al. Aerosol and surface stability
of SARS-CoV-2 as compared with SARS-CoV-1. N Engl J Med 2020 Apr 16;382(16):1564-1567 [FREE Full text] [doi:
10.1056/NEJMc2004973] [Medline: 32182409]

26. Gralnek IM, Hassan C, Beilenhoff U, Antonelli G, Ebigbo A, Pellisè M, et al. ESGE and ESGENA position statement on
gastrointestinal endoscopy and the COVID-19 pandemic. Endoscopy 2020 Jun;52(6):483-490 [FREE Full text] [doi:
10.1055/a-1155-6229] [Medline: 32303090]

27. Repici A, Aragona G, Cengia G, Cantù P, Spadaccini M, Maselli R, ITALIAN GI-COVID19 Working Group. Low risk
of COVID-19 transmission in GI endoscopy. Gut 2020 Nov 22;69(11):1925-1927. [doi: 10.1136/gutjnl-2020-321341]
[Medline: 32321857]

JMIR Cancer 2022 | vol. 8 | iss. 4 | e40600 | p. 10https://cancer.jmir.org/2022/4/e40600
(page number not for citation purposes)

Akahane et alJMIR CANCER

XSL•FO
RenderX

https://www.mdpi.com/resolver?pii=ijerph18115680
http://dx.doi.org/10.3390/ijerph18115680
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34073187&dopt=Abstract
https://www.i-jmr.org/2016/2/e20/
http://dx.doi.org/10.2196/ijmr.5590
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27323871&dopt=Abstract
https://bmcgeriatr.biomedcentral.com/articles/10.1186/s12877-017-0630-1
http://dx.doi.org/10.1186/s12877-017-0630-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29047351&dopt=Abstract
https://academic.oup.com/mr/article-lookup/doi/10.1080/14397595.2018.1452173
http://dx.doi.org/10.1080/14397595.2018.1452173
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29529893&dopt=Abstract
https://doi.org/10.1002/cncr.33180
http://dx.doi.org/10.1002/cncr.33180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32914864&dopt=Abstract
https://publichealth.jmir.org/2021/11/e29970/
http://dx.doi.org/10.2196/29970
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34653018&dopt=Abstract
https://f1000research.com/articles/10.12688/f1000research.24457.1/doi
http://dx.doi.org/10.12688/f1000research.24457.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33093946&dopt=Abstract
https://doi.org/10.1002/brb3.1818
http://dx.doi.org/10.1002/brb3.1818
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32869541&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph17217857
http://dx.doi.org/10.3390/ijerph17217857
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33120930&dopt=Abstract
https://aging.jmir.org/2021/2/e25876/
http://dx.doi.org/10.2196/25876
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33939623&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-022-13954-8
http://dx.doi.org/10.1186/s12889-022-13954-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35978320&dopt=Abstract
https://europepmc.org/abstract/MED/24887405
http://dx.doi.org/10.1016/j.yfrne.2014.05.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24887405&dopt=Abstract
https://europepmc.org/abstract/MED/22865617
https://europepmc.org/abstract/MED/22865617
http://dx.doi.org/10.1002/mpr.1359
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22865617&dopt=Abstract
http://dx.doi.org/10.1038/s41583-021-00513-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34545241&dopt=Abstract
https://europepmc.org/abstract/MED/32557489
http://dx.doi.org/10.1055/a-1201-9618
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32557489&dopt=Abstract
https://europepmc.org/abstract/MED/32222988
http://dx.doi.org/10.1111/apt.15731
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32222988&dopt=Abstract
https://doi.org/10.1111/anae.15093
http://dx.doi.org/10.1111/anae.15093
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32311771&dopt=Abstract
https://europepmc.org/abstract/MED/32182409
http://dx.doi.org/10.1056/NEJMc2004973
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32182409&dopt=Abstract
http://www.thieme-connect.com/DOI/DOI?10.1055/a-1155-6229
http://dx.doi.org/10.1055/a-1155-6229
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32303090&dopt=Abstract
http://dx.doi.org/10.1136/gutjnl-2020-321341
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32321857&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


28. Parodi SM, Liu VX. From containment to mitigation of COVID-19 in the US. JAMA 2020 Apr 21;323(15):1441-1442.
[doi: 10.1001/jama.2020.3882] [Medline: 32167525]

29. Wang J, Du G. COVID-19 may transmit through aerosol. Ir J Med Sci 2020 Nov 24;189(4):1143-1144 [FREE Full text]
[doi: 10.1007/s11845-020-02218-2] [Medline: 32212099]

30. Hussain A, Singhal T, El-Hasani S. Extent of infectious SARS-CoV-2 aerosolisation as a result of
oesophagogastroduodenoscopy or colonoscopy. Br J Hosp Med (Lond) 2020 Jul 02;81(7):1-7. [doi:
10.12968/hmed.2020.0348] [Medline: 32730160]

31. Lui RN, Wong SH, Sánchez-Luna SA, Pellino G, Bollipo S, Wong M, et al. Overview of guidance for endoscopy during
the coronavirus disease 2019 pandemic. J Gastroenterol Hepatol 2020 May;35(5):749-759. [doi: 10.1111/jgh.15053]
[Medline: 32233034]

32. Sugiura H, Ohkusa Y, Akahane M, Sano T, Okabe N, Imamura T. Development of a web-based survey for monitoring
daily health and its application in an epidemiological survey. J Med Internet Res 2011 Sep 23;13(3):e66 [FREE Full text]
[doi: 10.2196/jmir.1872] [Medline: 21946004]

33. Min YH, Lee JW, Shin Y, Jo M, Sohn G, Lee J, et al. Daily collection of self-reporting sleep disturbance data via a
smartphone app in breast cancer patients receiving chemotherapy: a feasibility study. J Med Internet Res 2014 May
23;16(5):e135 [FREE Full text] [doi: 10.2196/jmir.3421] [Medline: 24860070]

Abbreviations
EGD: esophagogastroduodenoscopy

Edited by A Mavragani; submitted 28.06.22; peer-reviewed by CS Cheng, T Hiyama; comments to author 17.10.22; revised version
received 29.10.22; accepted 04.11.22; published 11.11.22

Please cite as:
Akahane T, Nakanishi Y, Yoshiji H, Akahane M
Esophagogastroduodenoscopy Screening Intentions During the COVID-19 Pandemic in Japan: Web-Based Survey
JMIR Cancer 2022;8(4):e40600
URL: https://cancer.jmir.org/2022/4/e40600
doi: 10.2196/40600
PMID: 36343187

©Takemi Akahane, Yasuhiro Nakanishi, Hitoshi Yoshiji, Manabu Akahane. Originally published in JMIR Cancer
(https://cancer.jmir.org), 11.11.2022. This is an open-access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in JMIR Cancer, is properly cited. The complete bibliographic information,
a link to the original publication on https://cancer.jmir.org/, as well as this copyright and license information must be included.

JMIR Cancer 2022 | vol. 8 | iss. 4 | e40600 | p. 11https://cancer.jmir.org/2022/4/e40600
(page number not for citation purposes)

Akahane et alJMIR CANCER

XSL•FO
RenderX

http://dx.doi.org/10.1001/jama.2020.3882
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32167525&dopt=Abstract
https://europepmc.org/abstract/MED/32212099
http://dx.doi.org/10.1007/s11845-020-02218-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32212099&dopt=Abstract
http://dx.doi.org/10.12968/hmed.2020.0348
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32730160&dopt=Abstract
http://dx.doi.org/10.1111/jgh.15053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32233034&dopt=Abstract
https://www.jmir.org/2011/3/e66/
http://dx.doi.org/10.2196/jmir.1872
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21946004&dopt=Abstract
https://www.jmir.org/2014/5/e135/
http://dx.doi.org/10.2196/jmir.3421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24860070&dopt=Abstract
https://cancer.jmir.org/2022/4/e40600
http://dx.doi.org/10.2196/40600
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36343187&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

