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Abstract

Background

In the global aging, the coronavirus disease 2019 (COVID-19) pandemic may have affected
the place of death (PoD) in Japan, where hospital deaths have dominated for decades. We
analyzed the PoD trends before and during the COVID-19 pandemic in Japan.

Methods

This nationwide observational study used vital statistics based on death certificates from
Japan between 1951 and 2021. The proportion of PoD; deaths at home, hospitals, and nurs-
ing homes; and annual percentage change (APC) were estimated using joinpoint regression
analysis. Analyses were stratified by age groups and causes of death.

Results

After 2019, home deaths exhibited upward trends, while hospital death turned into down-
ward trends. By age, no significant trend change was seen in the 0-19 age group, while hos-
pital deaths decreased in the 20—-64 age group in 2019. The trend change in home death in
the >65 age group significantly increased since 2019 with an APC of 12.3% (95% confi-
dence interval [CI]: 9.0 to 15.7), while their hospital death trends decreased by —4.0% (95%
Cl: -4.9t0 —-3.1) in 2019-2021. By cause of death, home death due to cancer and the old
age increased since 2019 with an APC of 29.3% (95% ClI: 25.4 to 33.2) and 8.8% (95% CI:
5.5t0 12.2), respectively.

Conclusion

PoD has shifted from hospital to home during the COVID-19 pandemic in Japan. The major-
ity of whom were older population with cancer or old age.
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Introduction

With the increase in life expectancy, the global population is aging rapidly. Japan is one of the
most super-aged countries in the world, and end-of-life care for older population has been a
pressing issue [1]. Since the 1950s, medical services and technology have developed sharply
during the period of rapid economic growth and the bubble economy in Japan. Consequently,
we benefited from the increased number of inpatient beds, leading to a change in the place of
death (PoD), i.e., an increase in hospital deaths over the 21st century [2]. However, with the
establishment of a long-term care insurance system in 2000 and the institutionalization of
home care support clinics in 2006, home deaths have increased in Japan [3]. In fact, in 2005,
we observed a decreasing trend in hospital deaths and an inverse increase in home deaths in
Japan [4]. However, previous efforts have revealed that the decreasing trend of hospital deaths
differs greatly depending on the cause of death (CoD) [5, 6], and the details of this trend need
to be examined individually.

The coronavirus disease 2019 (COVID-19) pandemic occurred amid this trend in PoD.
Facing the disease outbreak, the world has witnessed various changes in people’s access to and
utilization of healthcare services [7]. Although Japan recorded fewer COVID-19-related deaths
than other countries [8], the provision of medical services for non-COVID-19 diseases, includ-
ing emergency care, surgery, and hospitalization, is considerably limited [9-12]. Moreover,
family visits to hospitalized patients were severely regulated from the perspective of infection
prevention and control; thus, some people might refuse hospitalization. These direct and indi-
rect changes could have contributed to the changing trend of PoD in Japan. In order to be pre-
pared for the upcoming pandemic, the governments and health care providers need to know
how the COVID-19 pandemic has changed the demographics of mortality, including PoD.
However, studies on this topic are limited. Thus, this study aimed to determine the PoD and
CoD trends before and during the COVID-19 pandemic in Japan, a country with a super-aged
society.

Materials and methods
Data source

This population-based observational study was conducted in Japan using vital statistics. Data
on the number of deaths by location and cause were obtained from vital statistics based on
death certificates collected by the Japanese Ministry of Health, Labor, and Welfare from 1951
to 2021 [13]. In the Japanese death certificate database, the direct and underlying CoD and
PoD are recorded based on information from death certificates completed by doctors within
one week of death. The underlying CoD is published in the vital statistics, based on death cer-
tificates. Since 1995, it has been classified based on the International Classification of Diseases
Tenth Revision (ICD-10) codes. Determining the underlying cause of death from death certifi-
cates consists of an auto-coding system, a rule-based process with manual review. Manual
review is performed when the auto-coding system cannot assign an ICD-10 code or when
ancillary information is included, which accounts for approximately 40% of the approximately
100,000 death certificates per month [14].

Data processing

PoD was classified as hospital (hospital or physician’s office), nursing home (care home or
nursing care home), or home. Data were stratified by age as follows: 0-19 years, 20-64 years,
and >65 years. The top five CoDs were redefined based on ICD-10 codes as follows: pneumo-
nia (J12-J18), cerebrovascular disease (160-169), heart disease (101-102, 105-109, 120-125, 127,
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and I30-152), cancer (C00-97), and old age (R54). In 2021, the major causes of death were
26.5% from cancer, 14.9% from heart disease, 10.6% from old age, 7.3% from cerebrovascular
disease, and 5.1% from pneumonia [13]. In the Japanese manual on completing a death certifi-
cate, old age is defined as the death of an old person from natural causes without an apparently
describable CoD.

Statistical analysis

Firstly, we analyzed the proportion of PoD from 1951 to 2021, then by age group or by the top
five CoDs from 2001 to 2021. The percentage of PoDs was calculated by dividing the number
of deaths that occurred at each hospital, nursing home, and home by the total number of
deaths that occurred in one year. To estimate PoD trends, a joinpoint regression model was
applied using the Joinpoint Regression Program version 4.9.1.0 (April 2022; National Cancer
Institute). This study used the permutation test as the model selection method in the Joinpoint
regression analysis. The year was the independent variable.

The annual percent change (APC) characterizes trends in the proportion of deaths by PoD
over time. This method defines the percentage of deaths by PoD as a constant percentage
change relative to the previous year’s percentage. A single APC can accurately characterize the
trend across a set of data. The Joinpoint model uses statistical criteria to determine when and
how often an APC changes. Average Annual Percent Change (AAPC) summarizes trends over
the entire study period. This allows the average AAPC over multiple years to be represented by
a single number; the AAPC is useful when the joinpoint model shows a change in trend over
those years. Additionally, it is calculated as a weighted average of the APCs from the joinpoint
model, with the weight equal to the length of the APC interval. Data analysis was performed
independently by M. Shibata and Y. Otsuka for validation. Statistical significance was set at
p < 0.05.

Ethics approval

The Japanese Ministry of Health, Labour, and Welfare and the Statistics Bureau of the Ministry
of Internal Affairs and Communications provided the data for this study. The Okayama Uni-
versity Hospital Ethics Committee determined that a formal ethics review was unnecessary
because the data were anonymous and accessible to the general public.

Results

In 1951, hospital, home, and nursing home deaths accounted for 11.6%, 82.5%, and 0% of all
deaths, respectively; in 2021, the percentages changed to 67.4%, 17.2%, and 13.5%, respectively.
Trends in the number of PoDs over the past 70 years in Japan are presented in Fig 1. Since the
1950s, hospital deaths have steadily increased, whereas home deaths have gradually declined
until the mid-2000s; however, they have gradually increased after that. The number of deaths
in nursing homes has increased since the late 2000s. These trends indicated apparent shifts
between 2019 and 2020: hospital deaths demonstrated a downward trend, whereas home
deaths exhibited upward trends.

The number and the proportion of PoD were different by age in 2001 and 2021 (S1 Table).
The PoD trend during this period was calculated by age group and represented in Table 1.
The pediatric population aged <19 years demonstrated a monotonic trend, with an APC of
3.0% (95% CI: 2.6 to 3.5) increase in home deaths and 0.4% (95% CI: —0.7 to —0.2) decrease in
hospital deaths. No trend change points were observed. In contrast, in young- and middle-
aged adults (20-64 years), the proportion of home deaths remained slightly increasing trends
by 2019 and indicated an upsurge thereafter with an APC of 12.2% (95% CI: 8.9 to 15.6).
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Fig 1. Trends in the place of death since 1951 in Japan. The number of counted deaths in hospitals, nursing homes,
and homes are demonstrated. The number of hospital deaths decreased and that of other deaths increased after 2019
when the COVID-19 pandemic began.

https://doi.org/10.1371/journal.pone.0299700.9001

Meanwhile, hospital deaths decreased suddenly from 2019 to 2021 with an APC of —5.0%
(95% CI: 9.2 to —0.5). The older population aged >65 years initially demonstrated a decreas-
ing trend in the early 2000s (APC, —4.1% 95% CI: —5.4 to —2.8), then rising trends from 2005
to 2019, and finally a big surge since 2019 with an APC of 12.3% (95% CI: 9.0 to 15.7). In the

Table 1. Trends in the place of death by age group in Japan in 2001-2021.

Age/facility Period 1 Period 2 Period 3 Period 4 Average APC (%)
Years APC (%) Years APC (%) Years APC (%) Years APC (%) (95% CI)
0-19 years
Home 2001-2021 3.0* 3.0*
(2.6 to 3.5)
Hospital 2001-2021 -0.4* -0.4*
(-0.7 to —0.2)
Nursing - -
home’
20-64 years
Home 2001-2005 2.0* 2005-2008 4.1* 2008-2019 2.6" 2019-2021 12.2% 3.6*
(3.0t0 4.2)
Hospital 2001-2019 -0.5* 2019-2021 -5.0* -1.0*
(-1.4 to —0.5)
Nursing 2001-2003 -12.1 2003-2021 15.8* 12.6
home (9.3t016.1)
>65 years
Home 2001-2005 -4.1% 2005-2015 0.3 2015-2019 2.2% 2019-2021 12.3* 0.9*
(0.4to 1.4)
Hospital 2001-2005 0.5* 2005-2009 -0.6* 2009-2019 -1.1* 2019-2021 -4.0* -1.0*
(-1.1t0 —0.9)
Nursing 2001-2003 -0.9 2003-2007 6.7* 2007-2013 12.7% 2013-2021 7.6% 8.0*
home (7.3t08.8)

*Significantly different from zero (p < 0.05).

+ Data were not available for this age group. APC, annual percentage change; CI, confidence interval.

https://doi.org/10.1371/journal.pone.0299700.t001
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Fig 2. Trends in the place of death by cause of death in Japan in 2001-2021. The percentage of place of death among
the top five CoD in Japan was determined. Statistically significant trend shifts in 2019 were observed for cancer and old
age.

https://doi.org/10.1371/journal.pone.0299700.9002

inverse proportion, hospital deaths in the older population decreased, resulting in an APC of
—4.0% (95% CI: —4.9 to —3.1) in 2019-2021.

The trends in the proportions of PoD by CoD over the past two decades are depicted in Fig 2,
and the results of the joinpoint regression analysis are summarized in Table 2. Regarding cancer-
related deaths, the largest inflection point was observed in 2019. Proportion of home deaths had a
significant increase since 2005, which further escalated between 2019 and 2021 with an APC of
29.3% (95% CI: 25.4 to 33.2). By contrast, that of hospital death started to decrease in 2005, and
declined greatly in 2019 with an APC of -6.3% (95% CI: —6.9 to —5.8). No significant changes in
heart disease were observed during the study period. The proportion of home deaths due to cere-
brovascular disease initially demonstrated a decreasing trend and has increased since 2016 (APC,
3.4% 95% CI: 2.0 to 4.8). Hospital deaths followed an inverse trend and had an APC of -2.5%
from 2019 to 2021. The proportion of pneumonia-related deaths indicated a trend similar to that
of deaths related to cerebrovascular diseases. A remarkable increase in home deaths was observed
from 2017 to 2021, with an APC of 5.9% (95% CI: 2.2 to 9.8), Finally, the proportion of home
deaths due to old age initially followed significant decreasing trends, but indicated a great increase
since 2019 (APC, 8.8% 95% CI: 5.5 to 12.2). Inversely proportional to this, the proportion of hos-
pital deaths started to decline in 2005, with an APC of —0.8% (95% CI: —1.1 to —0.4) in 2005-
2012, -2.8% (95% CI: 3.1 to —2.6) in 2012-2019, and —5.8% (95% CI: —7.1 to —4.5) in 2019-
2021. The AAPC of all the categories for nursing home deaths demonstrated significant increases,
ranging from 5.2% (95% CI: 4.5 to 5.9) for pneumonia to 12.4% (95% CI: 11.3 to 13.5) for cancer.

Discussion

This study revealed a significant increase in home deaths after 2019 in Japan. This period coin-
cides with the time of the COVID-19 pandemic. The first case of COVID-19 was identified in
Japan on January 16, 2020, and the first emergency declaration was issued on April 7, 2020.
Since then, the country has experienced waves 1 to 5 through 2021. The fifth wave (7/1/2021 to
9/30/2021), a delta strain (B.1.617), which tended to cause severe illness, was epidemic. This
resulted in a sharp increase in the number of critical cases and caused the collapse of the medi-
cal system [15].
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Table 2. Trends in the place of death by cause of death in Japan in 2001-2021.

Age/facility Period 1 Period 2 Period 3 Period 4 Average APC (%)
Years (APC(%) | Years (APC(%) | Years (APC(%) | Years APC (%) |(95%CD
Cancer
Home 2001-2005 -0.4 2005-2019 5.7* 2019-2021 29.3* 6.5*
(6.0to 7.1)
Hospital 2001-2005 0.1 2005-2011 -0.7* 2011-2019 -1.0* 2019-2021 -6.3* -1.3*
(-1.3to-1.2)
Nursing 2001-2004 2.9 2004-2015 15.9* 2015-2019 9.5* 2019-2021 14.1* 12.4*
home (11.3to 13.5)
Heart disease
Home 2001-2013 -0.1 2013-2017 -2.1* 2017-2021 0.9* -0.3
(-0.3t0 0)
Hospital 2001-2006 0 2006-2013 -0.6* 2013-2017 0.1 2017-2021 -1.0* -0.4*
(-0.5t0 -0.2)
Nursing 2001-2005 1.1 2005-2013 8.7* 2013-2021 5.8* 6.0*
home (5.4 to 6.6)
Cerebrovascular disease
Home 2001-2004 -5.2% 2004-2016 -1.4* 2016-2021 3.4* -0.8*
(1.3 to -0.3)
Hospital 2001-2006 0.5* 2006-2019 -0.8* 2019-2021 -2.5% -0.7*
(-0.8 to —0.5)
Nursing 2001-2006 2.5% 2006-2013 12.2% 2013-2019 4.5* 2019-2021 8.4* 7.0*
home (6.1 to 8.0)
Pneumonia
Home 2001-2006 -10.2* 2006-2017 -0.6 2017-2021 5.9% -1.9*
(=27 to —1.0)
Hospital 2001-2006 0.5* 2006-2021 -0.4* -0.2*
(0.2 to —0.1)
Nursing 2001-2006 -1.4 2006-2014 9.7* 2014-2018 3.2% 2018-2021 7.5% 5.2%
home (4.5t05.9)
Old age
Home 2001-2014 -7.6* 2014-2019 -2.0* 2019-2021 8.8* -4.7*
(-5.1 to —4.3)
Hospital 2001-2005 4.4* 2005-2012 -0.8* 2012-2019 -2.8* 2019-2021 -5.8* -1.0*
(-1.2t0 -0.8)
Nursing 2001-2011 8.6* 2011-2016 5.4* 2016-2021 2.7* 6.3*
home (6.0 t0 6.6)

*Significantly different from zero (p < 0.05). APC, annual percentage change; CI, confidence interval.

https://doi.org/10.1371/journal.pone.0299700.t002

Based on the study result, the majority of the increase in home deaths was attributed to
elderly individuals with cancer or old age, whereas COVID-19 did not constitute a large pro-
portion of deaths at home. No change in the trend was observed in younger or older patients
without malignancies. Thus, the shift in the PoD from hospital to home, recognized over the
global outbreak of emerging infectious diseases, varied greatly by patient age and CoD. A mul-
ticenter web-based survey of the directors of home visit facilities in Japan has reported an
increase in home visits for patients with cancer during the pandemic [16]. Additionally, a
study using Japanese vital statistics data has reported an increase in excess deaths at home
among patients with cancer since the early stages of the pandemic [17]. The present data reflect
the results of previous studies.

Several reports on changes in the PoD during the COVID-19 pandemic have been pub-
lished in the UK. A population-based modeling study has suggested a 220% increase in elderly
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care facility deaths during the first 10 weeks of the pandemic [18]. Additionally, from March
2020 to March 2021, a descriptive analysis of mortality data from England, Wales, Scotland,
and Northern Ireland has reported a 41% increase in home deaths and a 11% increase in hos-
pital deaths, whereas hospice deaths decreased by 15% [19]. The UK has a significant number
of COVID-19 deaths, with 130.1 deaths per 100,000 people [8]. Meanwhile, the mortality rate
in Japan is 7.3 deaths per 100,000 people, with comparatively lower overall excess mortality
[19]. Thus, the data between the two countries cannot be simply compared.

The changes in the PoD in Japan, where the direct impact of COVID-19 was minimal, may
have been influenced by the following reasons. First, the pandemic severely limited hospital
capacity. The pandemic’s restrictions on access to hospital beds increased the number of cases
in which hospitals could not accept emergency transports [20] and in cases where transport to
hospitals providing intensive care was difficult [21]. This may have prevented patients who
should have received care at the hospital from accessing it. Second, the intentions of the
patient’s family changed due to the restriction of visits. Although it is important to have family
support in end-of-life care, hospital visitation restrictions were implemented to prevent hospi-
tal outbreaks during the pandemic. This may have increased the number of patients requesting
home-based palliative care, and a multicenter web-based survey of home visit facilities in
Japan during the pandemic supports this [16]. Furthermore, disease-specific differences in the
prevalence of palliative care may explain why the impact of this shift varies by age and cause of
death. Palliative care in Japan has a history of being developed mainly for patients with cancer
under the Cancer Control Act [22] and home care and palliative care for patients without can-
cer is still developing. Therefore, it is possible that a system to provide home palliative care to
the potential demand of patients without cancer, during the pandemic was not yet in place.

Strength of the present study is that it used the vital statistics and thus enabled us to clarify
the nationwide trend of PoD in Japan. While, several limitations of this study should also be
considered. First, this was a descriptive study, and the causal relationship between the
COVID-19 pandemic and changes in the PoD is inconclusive. PoD may be affected by both
environmental and individual variables, such as changes in patient preferences for care settings
caused by the pandemic or the discharge of patients from medical institutions to secure hospi-
tal beds. However, the present findings cannot be directly used to assess causal correlations.
Second, other unmeasured confounding factors that could potentially influence the choice of
end-of-life care location in addition to age, sex, and CoD were not considered. Hence, other
parameters identified in previous studies should be verified in future studies. However, PoD
changes since the pandemic have occurred in only three years, and the impact of factors that
occur over a longer period, such as population aging, is expected to be limited. Third, the
CoDs on death certificates may have been misclassified. For example, in old age, any disease
including COVID-19 present may be misclassified. Thus, the apparent increase in home
deaths of old age may suggest an underdiagnosis of COVID-19. Nonetheless, the accuracy of
CoD is rather high, particularly for patients with cancer whose changes in PoD were the most
pronounced [23]. Finally, this study covered data from 2019 to 2021, including the first five
waves of the COVID-19 pandemic in Japan. Depending on the viral variants and hospital
capacity, the mortality rate of COVID-19 may change. Thus, the effects of the sixth and subse-
quent waves after 2022 are unknown. Future studies incorporating longer-term data are
needed to determine the clinical significance of this trend change.

Conclusions

In conclusion, the dying situation of Japanese patients with cancer or old age has changed dur-
ing the COVID-19 pandemic. The rapid shift of PoD from hospital to home since the
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pandemic may require greater expansion of home palliative care to accommodate the growing
number of terminally ill homebound patients. Also, whether this trend is preferable for
patients and their families and whether it will persist after the end of the pandemic remain
debatable. Therefore, further studies focusing on the quality of end-of-life care during
COVID-19 pandemic are suggested. At the very least, physicians are expected to continue to
pursue a good death for patients.

Supporting information

S1 Table. Number and proportion of deaths by place and age group in 2001 and 2021.
(DOCX)

Acknowledgments
We would like to thank Editage (www.editage.jp) for the English language editing.

Author Contributions

Conceptualization: Masashi Shibata, Yuki Otsuka.
Data curation: Masashi Shibata, Yuki Otsuka.
Formal analysis: Masashi Shibata, Yuki Otsuka.
Investigation: Masashi Shibata, Yuki Otsuka.
Methodology: Hideharu Hagiya, Toshihiro Koyama.

Supervision: Yuki Otsuka, Hideharu Hagiya, Toshihiro Koyama, Hideyuki Kashiwagi, Fumio
Otsuka.

Writing - original draft: Masashi Shibata, Yuki Otsuka, Hideharu Hagiya.

Writing - review & editing: Masashi Shibata, Yuki Otsuka, Hideharu Hagiya, Toshihiro
Koyama, Hideyuki Kashiwagi, Fumio Otsuka.

References

1. Nakatani H. Population aging in Japan: policy transformation, sustainable development goals, universal
health coverage, and social determinates of health. Glob Health Med. 2019; 1: 3—10. https://doi.org/10.
35772/ghm.2019.01011 PMID: 33330747

2. Anezaki H. Transition of the place of death and total number of death in Japan. Asian Pac J Dis Manag.
2008; 2: 97—-101.

3. Akiyama A, Hanabusa H, Mikami H. Trends associated with Home Care Supporting Clinics (HCSCs) in
Japan. Arch Gerontol Geriatr. 2012; 54: €383-6. https://doi.org/10.1016/j.archger.2012.01.004 PMID:
22310210

4. Koyama T, Hagiya H, Funahashi T, Zamami Y, Yamagishi M, Onoue H, et al. Trends in place of death
in a super-aged society: a population-based study, 1998-2017. J Palliat Med. 2020; 23: 950-956.
https://doi.org/10.1089/jpm.2019.0445 PMID: 32069164

5. Taniguchi Y, lwagami M, Jin X, Sakata N, Sato M, Watanabe T, et al. National trends in the proportion
of in-hospital deaths by cause of death among older adults with long-term care: a nationwide observa-
tional study in Japan from 2007 to 2017. BMC Geriatr. 2022; 22: 6. https://doi.org/10.1186/s12877-021-
02700-1 PMID: 34979942

6. KoyamaT, Sasaki M, Hagiya H, Zamami Y, Funahashi T, Ohshima A, et al. Place of death trends
among patients with dementia in Japan: a population-based observational study. Sci Rep. 2019; 9:
20235. https://doi.org/10.1038/s41598-019-56388-w PMID: 31882673

7. Moynihan R, Sanders S, Michaleff ZA, Scott AM, Clark J, To EJ, et al. Impact of COVID-19 pandemic
on utilisation of healthcare services: a systematic review. BMJ Open. 2021; 11: e045343. https://doi.
org/10.1136/bmjopen-2020-045343 PMID: 33727273

PLOS ONE | https://doi.org/10.1371/journal.pone.0299700 February 28, 2024 8/9


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0299700.s001
http://www.editage.jp/
https://doi.org/10.35772/ghm.2019.01011
https://doi.org/10.35772/ghm.2019.01011
http://www.ncbi.nlm.nih.gov/pubmed/33330747
https://doi.org/10.1016/j.archger.2012.01.004
http://www.ncbi.nlm.nih.gov/pubmed/22310210
https://doi.org/10.1089/jpm.2019.0445
http://www.ncbi.nlm.nih.gov/pubmed/32069164
https://doi.org/10.1186/s12877-021-02700-1
https://doi.org/10.1186/s12877-021-02700-1
http://www.ncbi.nlm.nih.gov/pubmed/34979942
https://doi.org/10.1038/s41598-019-56388-w
http://www.ncbi.nlm.nih.gov/pubmed/31882673
https://doi.org/10.1136/bmjopen-2020-045343
https://doi.org/10.1136/bmjopen-2020-045343
http://www.ncbi.nlm.nih.gov/pubmed/33727273
https://doi.org/10.1371/journal.pone.0299700

PLOS ONE

COVID-19 pandemic and place of death

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

Wang H, Paulson KR, Pease SA, Watson S, Comfort H, Zheng P, et al. Estimating excess mortality due
to the COVID-19 pandemic: a systematic analysis of COVID-19-related mortality, 2020—21. Lancet.
2022; 399: 1513—-1536. https://doi.org/10.1016/S0140-6736(21)02796-3 PMID: 35279232

Yamaji K, Kohsaka S, Inohara T, Numasawa Y, Ando H, Wada H, et al. Percutaneous coronary inter-
vention during the COVID-19 pandemic in Japan: Insights from the nationwide registration data. Lancet
Reg Health West Pac. 2022; 22: 100434. https://doi.org/10.1016/j.lanwpc.2022.100434 PMID:
35330940

Nagano H, Shin J-H, Morishita T, Takada D, Kunisawa S, Fushimi K, et al. Hospitalization for ischemic
stroke was affected more in independent cases than in dependent cases during the COVID-19 pan-
demic: An interrupted time series analysis. PLoS One. 2021; 16: e0261587. https://doi.org/10.1371/
journal.pone.0261587 PMID: 34919571

Ikeda N, Yamamoto H, Taketomi A, Hibi T, Ono M, Niikura N, et al. The impact of COVID-19 on surgical
procedures in Japan: analysis of data from the National Clinical Database. Surg Today. 2022; 52: 22—
35. https://doi.org/10.1007/s00595-021-02406-2 PMID: 34783905

Yamaguchi S, Okada A, Sunaga S, Ikeda Kurakawa K, Yamauchi T, Nangaku M, et al. Impact of
COVID-19 pandemic on healthcare service use for non-COVID-19 patients in Japan: retrospective
cohort study. BMJ Open. 2022; 12: e060390. https://doi.org/10.1136/bmjopen-2021-060390 PMID:
35466081

Ministry of Health, Labour, and Welfare Japan. Outline of Vital Statistics in Japan. [cited 12 Nov 2023].
Available: https://www.mhlw.go.jp/english/database/db-hw/outline/index.html

Imai T, Myojin T, Oigawa H, Kagawa R, Imamura T. Genshiinkakuteisagyou nitsuite no Jittai Mondaiten
no Haaku narabini Seikaku Kouritsusei Koujou ni muketa Kikaigakusyu no Tekiyoukanousei to Kadai ni
kansuru Kennkyuu. Journal of Health and Welfare Statistics. 2020; 67: 17-24. (in Japanese).

Lee H, Chubachi S, Namkoong H, Asakura T, Tanaka H, Otake S, et al. Characteristics of hospitalized
patients with COVID-19 during the first to fifth waves of infection: a report from the Japan COVID-19
Task Force. BMC Infect Dis. 2022; 22: 935. https://doi.org/10.1186/s12879-022-07927-w PMID:
36510172

Hamano J, Tachikawa H, Takahashi S, Ekoyama S, Nagaoka H, Ozone S, et al. Changes in home visit
utilization during the COVID-19 pandemic: a multicenter cross-sectional web-based survey. BMC Res
Notes. 2022; 15: 238. https://doi.org/10.1186/s13104-022-06128-7 PMID: 35799212

Nomura S, Eguchi A, Ghaznavi C, Tanoue Y, Kawashima T, Yoneoka D, et al. Excess deaths from non-
COVID-19-related causes in Japan and 47 prefectures from January 2020 through May 2021 by place
of death. SSM Popul Health. 2022; 19: 101196. https://doi.org/10.1016/j.ssmph.2022.101196 PMID:
35958225

Bone AE, Finucane AM, Leniz J, Higginson IJ, Sleeman KE. Changing patterns of mortality during the
COVID-19 pandemic: population-based modelling to understand palliative care implications. Palliat
Med. 2020; 34: 1193—-1201. https://doi.org/10.1177/0269216320944810 PMID: 32706299

O’Donnell SB, Bone AE, Finucane AM, McAleese J, Higginson IJ, Barclay S, et al. Changes in mortality
patterns and place of death during the COVID-19 pandemic: a descriptive analysis of mortality data
across four nations. Palliat Med. 2021; 35: 1975—-1984. https://doi.org/10.1177/02692163211040981
PMID: 34425717

Katayama Y, Tanaka K, Kitamura T, Dohmi H, Masui J, Hirose T, et al. Incidence and outcome of
patients with difficulty in hospital acceptance during COVID-19 pandemic in Osaka Prefecture, Japan:
A population-based descriptive study. Acute Med Surg. 2023; 10: €880. https://doi.org/10.1002/ams2.
880 PMID: 37564634

Kurahara Y, Kobayashi T, Shintani S, Matsuda Y, Tamiya A, Sugawara R, et al. Clinical characteristics
of COVID-19 in Osaka, Japan: Comparison of the first-third waves with the fourth wave. Respir Investig.
2021; 59: 810-818. https://doi.org/10.1016/j.resinv.2021.08.005 PMID: 34565716

Mori M, Morita T. Advances in hospice and palliative care in japan: A review paper. Korean J Hosp Pal-
liat Care. 2016; 19: 283-291.

Mieno MN, Tanaka N, Arai T, Kawahara T, Kuchiba A, Ishikawa S, et al. Accuracy of death certificates
and assessment of factors for misclassification of underlying cause of death. J Epidemiol. 2016; 26:
191-198. https://doi.org/10.2188/jea.JE20150010 PMID: 26639750

PLOS ONE | https://doi.org/10.1371/journal.pone.0299700 February 28, 2024 9/9


https://doi.org/10.1016/S0140-6736%2821%2902796-3
http://www.ncbi.nlm.nih.gov/pubmed/35279232
https://doi.org/10.1016/j.lanwpc.2022.100434
http://www.ncbi.nlm.nih.gov/pubmed/35330940
https://doi.org/10.1371/journal.pone.0261587
https://doi.org/10.1371/journal.pone.0261587
http://www.ncbi.nlm.nih.gov/pubmed/34919571
https://doi.org/10.1007/s00595-021-02406-2
http://www.ncbi.nlm.nih.gov/pubmed/34783905
https://doi.org/10.1136/bmjopen-2021-060390
http://www.ncbi.nlm.nih.gov/pubmed/35466081
https://www.mhlw.go.jp/english/database/db-hw/outline/index.html
https://doi.org/10.1186/s12879-022-07927-w
http://www.ncbi.nlm.nih.gov/pubmed/36510172
https://doi.org/10.1186/s13104-022-06128-7
http://www.ncbi.nlm.nih.gov/pubmed/35799212
https://doi.org/10.1016/j.ssmph.2022.101196
http://www.ncbi.nlm.nih.gov/pubmed/35958225
https://doi.org/10.1177/0269216320944810
http://www.ncbi.nlm.nih.gov/pubmed/32706299
https://doi.org/10.1177/02692163211040981
http://www.ncbi.nlm.nih.gov/pubmed/34425717
https://doi.org/10.1002/ams2.880
https://doi.org/10.1002/ams2.880
http://www.ncbi.nlm.nih.gov/pubmed/37564634
https://doi.org/10.1016/j.resinv.2021.08.005
http://www.ncbi.nlm.nih.gov/pubmed/34565716
https://doi.org/10.2188/jea.JE20150010
http://www.ncbi.nlm.nih.gov/pubmed/26639750
https://doi.org/10.1371/journal.pone.0299700

