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Abstract

Background: Most older people with disabilities or illnesses continue to use long-term care (LTC) services for the rest
of their lives. However, disasters can cause a discontinuation of LTC services, which usually means tragic outcomes

of affected persons. In view of the recent progression of population aging and the increase in natural disasters, this
study focuses on the impact of disasters on older people’s discontinuation of LTC services, and those more risk of such
discontinuation than others. However, current evidence is scarce.

Methods: We conducted a retrospective cohort study with 259,081 subjects, 2,762 of whom had been affected by
disaster and 256,319 who had not been affected during the 2018 Japan Floods. The sample in the three most disaster-
affected prefectures was drawn from the Long-term Care Insurance Comprehensive Database and included older
people certified with care-need level. The observation period was two months before the disaster and five months
after it. We calculated the hazard ratio (HR) of municipality-certified subjects affected by the disaster versus those who
were not. Subgroup analyses were conducted for categories of individual-, facility- and region-associated factors.

Results: Affected persons were twice as likely to discontinue LTC services than those who were not affected
(adjusted HR, 2.06 95% Cl, 1.91-2.23). 34% of affected persons whose facilities were closed discontinued their LTC
services at five months after the disaster. A subgroup analysis showed that the risk of discontinuing LTC services for
affected persons compared to those who were not affected in the relatively younger subgroup (age < 80: adjusted
HR, 2.55; 95% Cl, 2.20-2.96 vs. age >80 : 1.91; 1.75-2.10), and the subgroup requiring a lower level of care (low: 3.16;
2.74-3.66 vs. high: 1.71; 1.50-1.96) were more likely to discontinue than the older and higher care level subgroups.
Conclusions: A natural disaster has a significant effect on the older people’s discontinuation of LTC services. The
discontinuations are supposedly caused by affected persons’ death, hospitalization, forced relocation of individuals,
or the service provider's incapacity. Accordingly, it is important to recognize the risk of disasters and take measures to
avoid discontinuation to protect older persons’ quality of life.
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Introduction

Building a mature welfare state is an urgent task for
many countries because of the rapid progression of
aging in societies. People under welfare services are
quite vulnerable to disasters, and in the context of the
increasing trend of large-scale natural disasters at a
global level, every mature welfare state should build a
welfare system that is robust to disaster impacts [1].
Japan has one of the world’s highest proportion of older
people in its population and also one of the highest fre-
quencies of natural disasters [2]. Over five million older
people in Japan are currently using care services based
on the long-term care (LTC) insurance system, which
is a public, nationwide comprehensive welfare insur-
ance scheme covering most of the care services of the
entire older population [2]. Every year various types of
disasters, such as typhoons, earthquakes, and floods,
hit Japan, and their frequency and scale are increasing
due to global climate change. Older people, particularly
those who are using care services, are vulnerable to dis-
asters because such disasters affect their physical and
mental condition, support from family members, and
service provisions by professional care providers.

Catastrophic rainfall in western Japan

From the end of June to the beginning of July 2018, a
series of record-breaking deluges devastated a wide
range of area in western Japan [3]. Among the most
severely affected areas were Hiroshima, Okayama, and
the Ehime prefecture. About 89.4% of all fatalities and
76.8% of all injuries occurred in the above three pre-
fectures. Parts of these prefectures received more than
360 millimeters of precipitation in only two hours, and
a total rainfall of more than 500 millimeters. During
the disaster, floods and landslides caused severe dam-
age to the local infrastructure and resulted in electric-
ity shortages and a lack of water at 75,000 and 260,000
houses, respectively, for one month after the deluge.
Additionally, more than 4,000 houses in these three
prefectures were inundated, and complete and partial
damage occurred in approximately 6,700 and 11,000
houses, respectively. Two million people were evacu-
ated, 237 died, eight were missing, and 433 were injured
[3]. A number of nursing care services, including home
visit services, day care, short-stay services, and in-facil-
ity services, were affected and were unable to continue
providing services. The total financial damage was esti-
mated at approximately 1.3 billion yen (USD 1.2 mil-
lion) [3]. This was the second-largest natural disaster in
the past 100 years in Japan, exceeded only by the Great
Eastern Japan Earthquake. The Cabinet Office desig-
nated this as an “extremely damaging disaster” under
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the Law Concerning Special Fiscal Aid for Coping with
Disasters.

LTC insurance claims in Japan

The LTC insurance system covers all formal and fee-
charging care services, and provides support accord-
ing to the degree of disability, with the aim of enabling
independent living [4, 5]. It is a social insurance system
governed by each municipality wherein all residents aged
40 or older must pay a monthly premium. Residents older
than 40 with a disability from specific diseases and resi-
dents older than 65 years with a disability from any dis-
ease are eligible to receive the services [6]. Out-of-pocket
charges for LTC services vary from 10 to 30% of the total
charge, depending on the recipient’s income level, but it
never exceeds 44,000 yen (USD 420) per month. Users
are classified into seven grades according to the sever-
ity of their disabilities. The amount of care services they
may receive varies depending on the level of care needed.
The seven grades include support levels 1 and 2, defined
as those who maintain the basic activities of daily living
(ADL) but need some care, and certified care-need lev-
els 1-5, defined as those who have lost the basic ADL
and need substantial care. The higher the level, the more
services the person can use. The three major reasons for
care-need level certification are dementia (24.8%), stroke
sequelae (18.4%), and frailty (12.1%) [7].

Disaster and discontinuation of LTC services
High mortality and morbidity rates have been reported
among older people and people with high care needs in
areas affected by world-class disasters, such as the Great
East Japan Earthquake and Hurricane Katrina [8-12].
Death and severe illness among the victims of such dis-
asters can lead to a temporal or terminal ending of LTC
service use. These disasters can damage care facilities
in the affected areas, which results in a stoppage of ser-
vice utilization. Therefore, during such disasters, those
affected are probably more likely to be forced to stop
using LTC services than non-affected persons. Normally,
once an older individual starts using LTC services, he or
she usually continues to use such services until the end
of his or her life. Thus, a discontinuation of service use
means something catastrophic has happened. The major
reasons for discontinuation of LTC services are: (1) death,
(2) hospitalization of the user, (3) incapacity of the ser-
vice provider due to disaster damage, and (4) forced
relocation. All of these outcomes mean a significant loss
and burden for an older person and/or their family, and
should therefore be avoided whenever possible.

To the best of our knowledge, however, no stud-
ies have investigated whether or not a disaster actu-
ally caused the discontinuation of LTC services.
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Furthermore, little is known about which individual,
community, or institutional characteristics amplify the
effect of a disaster on the discontinuation of LTC. The
lack of evidence is probably because the government’s
database on LTCI has only recently been available for
research purposes, and only a few major disasters have
occurred since that time.

Some studies, both within and outside Japan, have
investigated the impact of natural disasters on a specific
aspect of the misfortune care recipients have experi-
enced, such as hospitalization, emergency room visit,
and death [13, 14]. However, most of these studies have
examined the impact by comparing the affected areas
or affected facilities with non-affected ones without
examining the impact on each individual. These com-
munity- and facility-based ecological studies are prone
to a failure called “ecological fallacy,” in which biased
results can be obtained by making inferences about an
affected individual based on aggregate data. In order
to overcome the limitation of these studies, an indi-
vidual-level cohort study is needed that identifies each
affected and non-affected individual within a disaster
area to make a direct comparison between them. Other
limitations of previous studies are a small sample size,
a large amount of missing data, a short observation
period, and incomplete demarcation of the study areas
[15]. Thus, comprehensive data is needed that covers
an entire impacted area and all the individuals affected
over a sufficient length of time to establish a more pre-
cise understanding of the effects of a disaster.

The purpose of this study was to examine whether
severely affected persons were more likely to discon-
tinue LTC services than less severely affected persons
by identifying those in the database who suffered signif-
icant housing and economic damage. For convenience
sake, the term “affected persons” refers to those who
were certified as affected by the disaster, while “non-
affected persons” refers to residents of the study area
who were not certified as affected by the disaster.

In this cohort study, we used the Long Term Care
Insurance Comprehensive Database provided by
the government, in which affected individuals and
non-affected persons of the 2018 Japan Floods are
identifiable. Based on the data, the frequencies of dis-
continuation of LTC services among those affected and
non-affected in the three hardest-hit prefectures were
calculated and compared with each other. In addition,
individual, facility, and regional factors that magnified
the effect of the disaster were identified. Based on these
results, we discuss political options for Japan and other
welfare states to prevent disruption in the administra-
tion of care caused by large-scale disasters.
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Materials and methods

Study design and settings

This is a retrospective cohort study that covers Ehime,
Hiroshima, and Okayama prefectures, which in June
2018 had a total population of approximately six million
(4.7% of the national population) [16]. The observation
period was from May 1, 2018, through December 31,
2018, which was the period between two months before
and six months after the disaster.

The inhabitants included a substantial number of the
older population; 30.1% (n=1,829,000) aged>65, and
9.8% (n=593,000) aged>80 years. These proportions
were similar to those among the national population
(28.1% and 8.7%, respectively) [16].

Eligibility criteria

Residents living in these three prefectures, who had a
certified level of care need as of May 2018, and who were
using any LTC service during the study period, were
included in this cohort. We excluded residents who did
not use any service throughout the study period and
those who discontinued before the disaster.

Data were derived from the Long-Term Care Insur-
ance Comprehensive Database, which is maintained
by the Japanese Ministry of Health, Labour, and Wel-
fare (MHLW). For this research, we extracted all the
data from the database for the above mentioned period
with special permission from the MHLW (approval no.
0711-1).

Outcome

The primary endpoint was the discontinuation of LTC
services, including all home visit services, day services,
short-stay services, and in-facility services (residential
services in nursing homes). LTC discontinuation was rec-
ognized when those in the sample stopped using these
LTC services for more than two months. In this study, the
reasons for discontinuation were not recorded, except
for residents using in-facility services. The consider-
able main reasons for discontinuing LTC services were
death, admission to hospital, incapacity of service provid-
ers, change in resident registration to another address,
and recovery from a dependent to an independent sta-
tus, although the last item is quite unlikely in light of the
usual aging process.

In this study, the personal identification number on
the database was changed when a person moved from
one municipality to another and changed their resident
registration, whereas the identification wasn’t changed
when a person moved but did not change their registra-
tion. Therefore, only when residents had changed their
resident registration and could not be tracked in the
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database were they considered as having discontinued
LTC services.

Certification of severely affected persons

In this study, persons severely affected by the disas-
ter were certified as such by the local government [17].
After the 2018 Japan Floods, the government enacted the
Disaster Relief Act, and certified those affected as fully
exempt from out-of-pocket payment of charges for any
LTC service. A certified affected person needed to meet
at least one of the following conditions: (1) the person’s
house was damaged completely or partially; and (2) the
main caregiver, who financially supported the person,
was severely injured, lost his/her job, passed away, or was
missing due to the disaster. The certification was con-
ducted by each municipality. Severely affected persons
with disaster certification were identified in the database
if they were fully exempted from out-of-pocket payment
of charges.

As this disaster was designated “extremely damaging,’
the MHLW instructed nursing homes to certify resi-
dents as severely affected only by verbal confirmation if
they met the conditions for disaster certification, and
exempted them from applying to be certified as severely
affected until January 2019.

Closure of care facility

A temporary or permanent closure of a service facility
can shorten the life expectancy of a disaster-affected per-
son [18, 19]. If an LTC facility stops providing services,
residents who use the facility are forced to relocate to
another service facility or resort to family care, which
substantially affects a person’s health and life thereafter.
In this study, therefore, we assessed the risk of those who
experienced closure of their residential facility on discon-
tinuing LTC. In the database, a facility was recognized as
closed if it stopped requesting any payment claim from
the LTC insurer for more than two months.

Potential confounding factors

Information on individual, facility, and regional factors
were also collected from the database. Individual fac-
tors were subjects’ age, gender, and level of care needed.
Age was divided into eight categories: less than 65 years
old, every five years from 65 years to 95 years old, and
above 95 years old. Level of care need was determined by
the local government where the subject lived, based on
opinions issued by a family physician and care experts,
based on objective data regarding the subject’s physical,
psychological, and social conditions. The certified level
is known to be well correlated with the activities of daily
living and level of cognitive impairment [20-22].
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A facility-associated factor was the type of services
LTC facilities provided. The type of service was catego-
rized based on the service code in the database (Supple-
mentary Table 1).

The municipality (city, town, village) code for the area
in which each subject lived was extracted from National
Census Data. Municipalities in the study area were
divided into two categories: cities and towns/villages [23].
Regional factors such as: population density, number of
nursing homes per 10,000 population, hospital beds per
10,000 population, average income, and proportion of
older people among the whole population, were obtained
from National Census Data [23].

Statistical methods

Data on the baseline characteristics in both disaster-
affected and non-affected persons were presented as
the mean and standard deviation for each continuous
variable and as the number and proportion for each cat-
egorical variable. A chi-square or Fisher’s exact test was
used to detect the difference in a dichotomous variable
between the two groups. Student’s t test or the Wilcoxon
rank-sum test was applied to compare affected and non-
affected persons in terms of each continuous and cat-
egorical variable.

The event-free rate, or proportion of those who did
not experience an interruption in LTC service use, was
estimated with the Kaplan-Meier survival analysis, and
survival estimates were compared between affected and
non-affected persons using the log-rank test. Data were
censored on December 31, 2018. Patients who were lost
were censored at the month of last follow-up. The event-
free survival rate was calculated from July 1, 2018 to the
month of the discontinuation of LTC services. Because
the database has monthly-aggregated data of payment
claims and service usage, we could not calculate the exact
days from the disaster to when discontinuation took
place.

The hazard ratio (HR) of affected versus non-affected
persons who experienced LTC discontinuation was cal-
culated using a Cox proportional hazard model. HRs
were calculated with three models: a crude model, an
age and sex-adjusted model, and a model adjusted for
factors related to the individual, facility, or region (mul-
tivariate-adjusted model). The findings of the above
three models were compared between a complete case
analysis and multiple imputation analysis with a chained
equation [24].

Reasons for discontinuation of LTC services were
available only among the subjects who used in-facility
services before the discontinuation. The coded reasons
were “death”, “hospitalization”, “transfer to another

facility”, “return to home’, and “others” We compared
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the distribution of the reasons between victims and
non-victims, using chi-square test for overall differ-
ence and residual analysis for the contributions of each
reason [25].

Furthermore, we calculated the interaction term
between affected status and each subgroup in the mul-
tivariate-adjusted model to conduct the likelihood ratio
test wherein the term was compared with each main
result of the multivariable Cox proportional hazards
model. In the same subgroup, a five-month, cumula-
tive event-free rate and its 95% confidence interval were
determined.

Data were analyzed using Stata version 16.1 (StataCorp
LP, College Station, TX). A P-value<0.05 (two-tailed)
was considered statistically significant.

Ethical considerations

The study was conducted according to the guidelines of
the Declaration of Helsinki, and the study protocol was
submitted and approved by the Ethical Committee for
Epidemiology of Hiroshima University (approved no.
E-1389). The need to obtain informed consent from each
subject was waived, as this was a retrospective review of
the subjects’ records according to the Ethical Guidelines
for Medical and Health Research Involving Human Sub-
jects in Japan.

Results
Subjects
Figure 1 shows the recruitment process of the study sub-
jects. In May 2018, 273,288 people used LTC services. Of

Page 5 of 13

these, 8,656 were excluded because they had discontin-
ued LTC services by the day of the disaster (July 1, 2018).
Among the 264,632 cases remaining, 5,551 were excluded
due to a lack of data in at least one variable. Finally,
259,081 people were included as qualified subjects for the
complete case analysis.

Table 1 shows the baseline characteristics of the study
subjects. The median age category of the subjects was
85-90 years old, and men accounted for 28.4% of all par-
ticipants. Among these subjects, 1.1% were confirmed
as disaster-affected persons. Closure of a facility in use
was observed in 3,857 (1.5%) of the subjects. Age cate-
gory and level of care needs were significantly lower in
disaster-affected persons. Affected persons used in-facil-
ity care, multifunctional facility, and home visit services
more frequently than non-affected persons. Regional
factors, such as hospital beds per population, average
income, number of nursing homes and the proportion of
older people were significantly higher in disaster-affected
than non-affected persons.

Association between the disaster and health outcomes

Figure 2 shows the cumulative event-free rate of LTC
discontinuation among affected and non-affected per-
sons. The figures also show the HRs of affected persons
for discontinuation. Among all subjects, 663 affected
and 31,092 non-affected persons discontinued their
use of LTC services after the disaster, which means that
affected persons were twice as likely to discontinue LTC
services than non-affected persons (adjusted HR, 2.06;
95% CI, 1.91-2.23) after adjusting for factors related to

Residents using LTC services
on May 1st, 2018 in Ehime,
Hiroshima, and Okayama
n=273288

Multiple imputed
analysis
n=264632

Discontinued before Floods
n=8656

Complete case analysis
n=259081

data

Excluded due to missing data
5531 Sex, 20 Region-
associated factors
n=5551

Fig. 1 Flow chart for the selection of participants. On May 1st, 2018, 273,288 subjects living in three prefectures were included in this study. 8,656
subjects discontinued long-term care before the 2018 Japan Floods and 5,551 subjects were excluded from the primary analysis due to missing
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Table 1 Baseline Characteristics of Study Participants

Total Disaster affected Non-Affected P value
(N =259,081) (n=2,762,1.1%) (n = 256,319, 98.9%)
Individual-associated factors
Age, categorical (%) <0.001+
<65 4,493 (1.7) 58 (2.1) 4,435(1.7)
65-69 9,403 (3.6) 99 (3.6) 9,304 (3.6)
70-74 15,987 (6.2) 187 (6.8) 15,797 (6.2)
75-79 28407 (11.0) 333(12.1) 28,074 (11.0)
80-84 53,672 (20.7) 576 (20.9) 53,096 (20.7)
85-90 72,126 (27.8) 793 (28.7) 1,333 (27.8)
90-94 52,476 (20.3) 510 (18.5) 1,966 (20.3)
>95 22,520 (8.7) 206 (7.5) 22,314 (87)
Men, n (%) 73,555 (28.4) 842 (30.5) 72,713 (28.4) 001"
Level of care needs (%) <0.001t
Support level 1 20,456 (7.9) 265 (9.6) 20,191 (7.9)
Support level 2 27,030 (10.4) 370 (13.4) 26,660 (10.4)
Care need level 1 58,622 (22.6) 659 (23.9) 57,963 (22.6)
Care need level 2 51,328 (19.8) 532(19.3) 50,796 (19.8)
Care need level 3 39,788 (15.4) 360 (13.0) 39,428 (15.4)
Care need level 4 34,406 (13.3) 316 (11.4) 34 090( 3)
Care need level 5 27451 (10.6) 260 (9.4) 91 (10.6)
Facility-associated factors (%)
Closure of facility in use 3,857 (1.5) 416 (15.1) 3,441 (1.3) <0.001"
Type of LTC services in use
Home visit service 81,443 (31.4) 797 (28.8) 80,646 (31.5) 0.005"
Day care 139,073 (53.7) 1,527 (55.3) 137,546 (53.7) 0055
Short term stay 70,386 (27.2) 917 (33.2) 69,469 (27.1) <0.001"
Nursing facilities 104,332 (40.3) 1,035 (37.5) 103,297 (40.3) 0.004
Multifunctional facility 9,124 (3.5) 71(2.6) 9,053 (3.5) 0.006"
Care manager service 39,991 (15.4) 290 (10.5) 39,701 (15.5) <0.001"
Region-associated factors
Population density (SD) 2,017 (1,901) 1,510 (1,399) 2,023 (1,905) <0.001%
Hospital beds per population (SD) 1.5(0.6) 1.6(0.7) 1.5(0.6) 0.009+
No. of nursing facilities per 10,000 elderly 23 (1.1) 25(1.1) 23(1.1) <0.001%
Average income (every 1,000 yen) (SD) 2,971 (276) 2,916 (277) 2,972 (276) <0.001%
Proportion of the elderly (%) <0.001t
Low 19.8-25.0 97,601 (37.7) 599 (21.7) 97,002 (37.8)
Middle 25.5-30.7 77,937 (30.1) 1,102 (39.9) 76,835 (30.0)
High 31.2-49.1 85,543 (33.0) 1,061 (38.4) 83,543 (334)

Individual- and facility-associated factors were extracted from the Long-term care insurance comprehensive database, and region-associated factors were extracted
from the National Census Database. LTC long-term care, SD standard deviation, No., number; * chi-squared test, + Wilcoxon rank-sum test, + two samples t-test

(See figure on next page.)

Fig. 2 Kaplan-Meier Curves for Event-free Survival and Hazard Ratios of Disaster Affected Persons for LTC Discontinuation. Data show event-free
rate among disaster affected persons compared with non-affected in all subjects (Panel A), in subjects with facility closure (Panel B) and in subjects
without facility closure (Panel C). No interaction was found between disaster-affected persons and closure of associated service facility (p=0.16).
Cl, confidence interval; HR, Hazard ratio; *Adjusted for age, sex, level of care needs, type of LTC services in use, facility closure, population density,
average income, older people rate of the living place
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the individual, facility, and region. When the analysis was
stratified according to the existence/non-existence of clo-
sure of a facility, the risk of affected persons discontinu-
ing LTC was approximately double that of non-affected
persons (adjusted HR 2.03 for those without facility
closure and 1.91 for those with facility closure). In the
group with a facility closure, the majority who discon-
tinued LTC did so immediately after the disaster, while
in the group without a facility closure the outcome took
place throughout the study period. The result was robust
throughout the three different models we conducted: the
crude model (HR, 2.15; 95% CI, 2.00-2.33), the age and
sex-adjusted model (HR, 2.15; 95% CI, 1.99-2.32), and
the multiple imputed model (adjusted HR, 2.06; 95% ClI,
1.91-2.23) (Supplementary Table 2). In the multivariable
adjusted model, older age and higher level of care needs
were significantly associated with discontinuation of LTC
services, even after being adjusted for disaster status.
Table 2 shows the incidence rate, incidence rate ratio,
and event-free rate sorted by a combination of disaster
status and facility closure status. The incidence rates per
1,000 person-months among persons severely affected
by the disaster who experienced facility closure and non-
affected persons who did not experience facility closure
were 86.5 and 25.4, respectively, with the incidence rate
ratio of those who were severely affected by the disas-
ter and experienced facility closure being 3.41 (95% CI;
2.82-4.09). Approximately one-third of the group that
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were severely affected by the disaster and experienced
facility closure discontinued LTC services during the five
months after the floods.

Table 3 shows reasons for discontinuing LTC services
for residents using in-facility services. regulations for the
use of the database prohibit the use of numbers less than
10, which may identify individuals. Therefore, only per-
centages are given for Affected person and Non-affected
person. The chi-square test for reasons of discontinu-
ation were significantly different between affected and
non-affected persons (p<0.001). However, the propor-
tion of subjects who were discharged from the facility
to home and subsequently used no service (the group
considered to have fully recovered) was only 2.1% among
non-affected and 2.2% among people affected by the
flood; the difference was not significant in residual analy-
sis (p=0.40). The proportion of death cases was signifi-
cantly higher among non-affected than affected people
(p<0.001), while the proportion of hospitalization was
not difference between the two groups (p=10.29).

Subgroup Analysis

Subgroup analysis showed that the risk of persons
affected by the disaster discontinuing LTC services was
significantly higher than non-affected persons in most of
the subgroups (Fig. 3). In particular, hazard ratios were
higher in the categories aged less than 80 and care sup-
port 1-2, compared with those aged 80 or older and

Table 2 Incidence Rate and 5-month Event-free Survival Rate of LTC Discontinuation

Incidence rate? (95% Cl)

IRR (95% CI) EFRin 5 mo (95% Cl)

Disaster affected w/ FSC (N = 416) 86.5(72.1-103.8)
Disaster affected w/o FSC (N = 2762) 50.7 (46.6-55.1)
Non-affected w FSC (N = 3441) 34.2(31.0-37.9)
Non-affected w/o FSC (N = 256319) 254 (25.1-25.6)

341 (2.82-4.09) 66.2% (60.9-70.9)
2.00(1.83-2.18) 774% (75.7-79.0)
1.35(1.22-1.50) 83.9% (82.3-85.3)
Ref 87.9% (87.8-88.0)

@ Per 1,000 person months; C/ confidence interval, LTC long-term care, IRR incidence rate ratio, mo, months, FSC facility closure, EFR event-free rate, w/ with, w/o

without

Table 3 Reasons for Discontinuation of LTC Services in the Affected and non-Affected Persons using in-Facility Services

Total (N=9131) Affected Non-affected p-value for Chi- p-value for
persons ? persons? square test Residual
analysis

The reason of discontinuation (%) <0.001
Death 4958 (54.3 %) 259 % 54.7 % <0.001
Admission to hospital 3357 (36.8 %) 40.0 % 36.7 % 0.29
Moved to other facilities 88 (1.0 %) 8.1 % 1.1% <0.001
Becoming fully independent 195 (2.1 %) 22 % 2.1 % 0.40
Others 522 (5.7 %) 23.7 % 54 % <0.001

LTC long-term care; ® Regulations for the use of the database prohibit the use of numbers less than 10, which may identify individuals. Therefore, only percentages are

given for Affected person and Non-affected person
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Number of Adjusted p-value for 5mo event free rate
Subgroup Subjects HR* (95% Cl) interaction Disaster-affected Non-affected
1
Overall 1
Overall 259081 -+— 206 (1.91,2.23) 76.0(74.4-77.5) 87.9(87.7-88.0)
I
Sex 1
Male 73555 —0—;- 1.84(160,2.10) 003 76.8(74.8-78.6) 88.9(88.8-89.1)
Female 185526 JI-O— 221(2.01,2.43) 74.2(711.1-771) 85.2(84.9-85.5)
1
Age, categorical :
<80 58287 : —— 255(2.20,2.96) 0.0002 73.0(69.5-76.2) 89.0(88.7-89.2)
=80 200794 - 1.91(1.75, 2.10) 77.0(75.1-78.7) 87.6(87.4-87.7)
. |
Level of care need :
Support level 1-2 47486 | —— 3.16 (2.74,3.66)  <0.0001 69.9(66.2-73.3) 89.6(89.3-89.8)
Care needs level 1-2 106108 : —_ 2.47(2.21,2.76) 75.5(73.0-77.8) 89.6(89.4-89.8)
Care needs level 3-5 101645 — : 1.71 (1.50, 1.96) 75.8(72.9-78.4) 85.7(85.5-86.0)
) ]
Type of LTC Services in use :
Home visit services 81443 + 211(1.83,242) 07 74.5(71.4-77.4) 87.2(87.0-87.5)
Day services 139073 —— 193(173,216) 028 77.7(75.6-79.7) 88.2(88.0-88.4)
Short stay services 70386 — : 1.67 (1.44,1.93) 0.003 77.4(74.6-80.0) 87.1(86.9-87 .4)
In-facility services 104332 —0—: 1.79 (1.57,2.05)  0.006 77.5(74.8-79.9) 87.6(87.4-87.8)
Multifunctional care services 9124 —_——— 115(061,215) 004 85.9(75.4-92.2) 87.6(86.9-88.2)
Care manager service 39991 —— : 1.51(1.16, 1.98) 0.008 81.0(76.0-85.1) 87.3(87.0-87.7)
: I
Proportion of elderly :
Low 97601 ——— 226(191,267)  <0.0001 76.6(73.0-79.8) 88.4(88.2-88.6)
Middle 77937 —:0— 2.16 (1.91, 2.45) 71.9(69.1-74.4) 87.5(87.3-87.8)
High 83543 —— : 1.67 (1.45,1.91) 79.9(77.4-82.2) 87.6(87.4-87.8)
1
\
)
I I I I I I I
5 1 2 3 4
Fig. 3 Hazard ratio of affected persons for LTC discontinuation and 5-month event free rate in each subgroup of subjects. Each hazard ratio
was adjusted for all the other variables. Test for interaction between disaster suffering and each subgroup was conducted. HR, hazard ratio; Cl,
confidence interval; mo, months

those who had a care needs level of between 3 and 5,
respectively. The risk of users of a multifunctional care
service was not significantly different from non-users
(adjusted HR 1.15; 95% CI, 0.61-2.15). There were sig-
nificant interactions between disaster status and age cat-
egory, level of care needs, sex, and specific LTC services,
such as short-stay services, in-facility services, and multi-
functional care services.

Discussion

After controlling for factors related to the individual,
facility, and region, this retrospective cohort study
revealed that persons severely affected by the 2018 Japan
Floods were twice as likely to discontinue LTC than
non-affected persons were. This result was robust in
multiple imputation analysis. Moreover, the rate of dis-
continuing LTC among disaster-affected persons who

had also experienced a facility closure was strikingly
high (86.5 events per 1,000 person-months). One quarter
of those affected by the disaster discontinued LTC ser-
vices over the five-month period after the disaster; and
this value increased to one third among those that were
affected by the disaster and experienced closure of their
care facilities. To the best of our knowledge, this is the
first large-scale longitudinal study showing the effect of
a natural disaster on the continued use of care services.
Discontinuation of LTC is usually due to death, hos-
pitalization, or forced relocation on the part of the care
recipient, and closure of the service facility on the part
of the provider. In Hurricane Katrina, the incidence of
death at 30 and 90 days after the disaster among nurs-
ing home residents was higher than that of previous
years [14]. This increase in disaster-related mortality
may partially explain the post-disaster increase in LTC
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discontinuation shown in our study. Another potential
reason for LTC discontinuation is hospitalization. Our
findings are supported by previous studies showing that
hospitalization rates increased in the entire affected area
during Hurricane Katrina [13, 14, 26]. Forced relocation
and facility closure entailed separating older people from
their familiar environment, which placed a heavy physi-
cal and psychological burden on them due to the destruc-
tion of the living environment, and the loss of caregivers
[27, 28]. A previous facility-based study reported that the
risk of death and hospitalization increased among facility
residents who were forced to relocate due to Hurricane
Katrina and the Great East Japan Earthquake [18, 19, 29].
However, these previous reports were based on studies
with a cross-sectional or ecological design, which have
difficulty in confirming the association between the dis-
aster and its individual-level effect. Our study overcame
the limitation of past studies and strongly suggests that a
natural disaster has a significant impact on the quality of
life of those affected by the disaster.

In order to reduce the impact of disasters on care recip-
ients, local governments have been conducting disaster
preparedness campaigns such as encouraging recipients
to evacuate early, educating them about evacuation sites,
and assisting the development of community support
programs. For a further reduction of facility-derived care
discontinuation, local governments should increase the
capacity of residential care facilities and strengthen the
supply of LTC services. In Japan, however, the capacity of
residential care facilities has not been able to keep pace
with the rapid increase in the number of people in need.
There is also a serious shortage of human resources to
provide long-term care [22, 30], which has forced Japan
to utilize care workers from overseas to address the
demand-supply gap [31]. Prompt improvement of this
situation is essential for Japan to develop into a disaster-
resilient welfare nation.

Meanwhile, in the subgroup analysis, the risk of LTC
discontinuation was higher among those aged less than
80 and support level 1 and 2, compared to the other sub-
jects, and this result differs from the general assumption
that older age and ADL decline are the risks of LTC dis-
continuation. Several factors can explain this gap; (1) care
interruption caused by destruction of homes and loss of
family caregivers, (2) increased hospitalization due to
worsened cognitive function, physical function, frailty,
and other health conditions after the disaster [14, 32, 33],
(3) loss of care services due to disrupted infrastructure
[34, 35], and 4) reallocation of care resources to people
with a high level of care needs. Older people who do not
live in nursing homes are dependent on the community-
based services such as home care and care by family car-
egivers. In contrast to the in-facility people who are fully
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supported by facility’s caregivers, those at home tend
to be cut off from the community care network and be
isolated after a disaster. Also the disaster itself can cause
cognitive decline, physical impairment, and the progres-
sion of frailty. In particular cognitive function of peo-
ple receiving home care is reportedly more vulnerable
to disasters than that of residents in LTC facilities [36],
which supports the gap observed in this study. Further-
more, the disruption of infrastructure during the disaster
can lead to a decreased supply of LTC services. Previous
studies have shown that disaster sufferers need more LTC
services than usual for several months after the disaster
[37], and the expanded gap between supply and demand
in LTC services must be met through shifting services to
those with higher level of care needs. As a result, those
with low levels of care needs and relatively younger older
people might have led to LTC discontinuation more often
than the older elderly and those with high-level of care
needs. Therefore, it is important to pay due attention
not only to very old people and the population that has
high care needs, but also to relatively younger people and
those who are on the middle and low levels of care needs,
who have conventionally been regarded as a less vulner-
able group of people during a disaster.

This study has several strengths. We extracted data
for the three most disaster-affected prefectures using a
nationwide, complete, and individualized database. The
proportion of people using care services, while being
uncovered by LTCI is very limited, which excluded the
effect of selection bias in this study. In addition, certifi-
cation of disaster-affected persons was conducted by
municipal governments, which produced a substan-
tial amount of evidence supporting the physical and/or
financial damage of affected persons and affected families
during certification. Thus, the disaster-affected status of
each individual in the dataset is reliable.

A potential limitation of this study is the possibility
that, as a reason for discontinuing LTC use, some indi-
viduals might have recovered to the point where they
no longer required long-term care services. In general,
however, it is very unlikely that a person requiring nurs-
ing care will become completely independent in the
course of natural aging. As shown in Table 3, the pro-
portion of those who discontinued nursing care because
they became fully recovered was negligible. On the other
hand, among people using in-facility services, the pro-
portion of death cases among non-affected people was
almost double that among affected people. The mecha-
nism under which this gap takes place is unclear, and fur-
ther studies are needed to reveal the real reasons for LTC
discontinuation among all subjects.

Another possible limitation is the misclassification
between cases and controls [38]. In this study, those who
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were admitted to a hospital immediately after the dis-
aster and those who died immediately after the disaster
may not have been certified as disaster-affected people,
or even if they were certified as such, they may have been
unrecorded in the database, which suggests the exist-
ence of a differential misclassification between disaster
affected and non-affected people. However, this type of
classification bias, if any, would have underestimated, not
overestimated, the risk of disaster- affected persons esti-
mated in this study, and thus would not affect the validity
of our interpretation.

In addition, the higher hazard ratios for the relatively
younger subgroup in the subgroup analysis may be due
to the potential selection bias that younger subjects are
more independent than older subjects and more likely to
apply for disaster certification. However, in the 2018 tor-
rential rain disaster, the government gave a special waiver
to victims who had difficulty in applying for disaster cer-
tification, and severely affected persons did not have to
pay an out-of-pocket charge for their care services if they
orally reported their damage status, and the service pro-
viders recognized the status as true. Thus, we consider
age was not a substantial barrier, and the degree of this
selection bias would be small.

Finally, the frequency of subjects that moved from the
disaster areas with and without a change in their resi-
dence registration is unknown. The former were treated
as continuing and the latter as discontinuing LTC ser-
vices in this study, although many of the latter actually
continued using the services. The Japanese government
designated the 2018 Japan Floods as an “extremely dev-
astating disaster; and therefore those affected were
exempted from out-of-pocket expenses for LTC services
as long as they retained their registration of residence in
the affected areas, even if they had actually moved out of
the areas. Thus, affected persons who moved from areas
after the disaster tended not to change their registration
of residence. However, according to the database, the
number of affected persons who moved out of the three
prefectures without changing their registration of resi-
dence was less than 10 out of 2,762 affected persons. In
other words, most of the movers changed their residence
registration. Therefore, a bias of the results caused by this
registration issue would be minimal.

Conclusions

In conclusion, a natural disaster forced severely affected
victims to stop using LTC services, probably through
death, hospitalization, undesired relocation, and stop-
page of service delivery by providers. Japan imple-
mented a nationwide long-term care insurance for the
public in 2001, making long-term care services available
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to all citizens. However, this insurance program has
been unable to keep pace with the rapidly increasing
numbers of service users since its inception 20 years
ago, and the scale and frequency of disasters as a result
of climate change has escalated to such an extent that
the Japanese government needs to address the chronic
shortage of LTC services. In particular, the government
needs to investigate the residential capacity of in-facil-
ity services in order to prevent the emergence of “care
refugees” who are unable to receive necessary care ser-
vices in the event of a disaster. The same recommenda-
tion could be applied to other countries experiencing a
similar development in social ageing and disaster fre-
quency. Through these improvements, countries will be
able to bolster their own care service delivery systems
and develop into more sophisticated welfare societies.

Abbreviations

ADL: Activities of Daily Living; Cl: Confidence Interval; HR: Hazard ratio; LTC:
Long-term Care; LTCI: Long-term Care Insurance; MHLW: Ministry of Health,
Labour, and Welfare.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512877-022-02864-4.

[ Additional file 1. }

Acknowledgements
Not Applicable.

Authors’ contributions

The authors confirm contribution to the paper as follows: study conception
and design: D.M. and M.M;; project supervision: M.M.; data acquisition: S.Y. and
M.M; fund acquisition: S.Y. and M.M,; analysis and interpretation of results:
DM, SK,SY, SK, S.I,and M.M; draft manuscript preparation: D.M., M.M. All
authors reviewed the results and approved the final version of the manuscript.

Funding

This work was supported by JSPS KAKENHI Grant Number JP19K19388. The
funders had no role in study design, data collection and analysis, decision to
publish, or preparation of the manuscript.

Availability of data and materials

The datasets generated and analyzed during the current study are not pub-
licly available due to legal reasons but are available from the corresponding
author, DM on reasonable request.

Declarations

Ethics and consent to participate

The study was conducted according to the guidelines of the Declaration of
Helsinki, and the study protocol was approved by the Ethical Committee for
Epidemiology of Hiroshima University (approved no. E-1389). The need to
obtain informed consent from each subject was waived as this was a retro-
spective review of the subjects'records according to the Ethical Guidelines for
Medical and Health Research Involving Human Subjects in Japan.

Consent for publication
Not applicable.


https://doi.org/10.1186/s12877-022-02864-4
https://doi.org/10.1186/s12877-022-02864-4

Miyamori et al. BMC Geriatrics (2022) 22:168

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of General Internal Medicine, Hiroshima University Hospital,
Hiroshima, Japan. 2Department of Community-Based Medical System,
Graduate School of Biomedical and Health Sciences, Hiroshima University,
Hiroshima, Japan. *Environmental Health Sciences Laboratory, Graduate
School of Advanced Science and Engineering, Hiroshima University, 1-5-1
Kagamiyama, Higashi-Hiroshima, Hiroshima, Japan. *Division of Health Policy
and Management, Center for Community Medicine, Jichi Medical Univer-
sity, 3311-1 Yakushiji, Shimotsuke, Tochigi, Japan. >Department of Medicine
for Integrated Approach to Social Inclusion, Graduate School of Biomedical
and Health Sciences, Hiroshima University, Hiroshima, Japan.

Received: 8 June 2021 Accepted: 22 February 2022
Published online: 01 March 2022

References

1. Veenema TG, Thornton CP, Lavin RP, et al. Climate Change-Related Water
Disasters'Impact on Population Health. J Nurs Scholarsh. 2017;49:625-34.
https://doi.org/10.1111/jnu.12328.

2. Arai H. Guide to prevent long term care (in Japanese). In: Ministry of
Health LaW, editor. Subsidy for promotion of health care services for the
elderly in 2019 (Health promotion services for the elderly). Aichi, Japan:
National Institute for Longevity Sciences; 2019.

3. Cabinet Office Government of Japan. Summary: the damage situations
caused by the heavy rain in July (in Japanese). 2018 http://www.bousai.
go,jp/updates/h30typhoon?/pdf/300905_1700_h30typhoon?.pdf.
Accessed January 12,2021

4. Ministry of Health Labour and Welfare, Bureau of Health and Welfare for
the Aged. Current and future role of the public long-term care insurance
system. 2013 http://www.mhlw.go.jp/seisakunitsuite/bunya/hukushi_
kaigo/kaigo_koureisha/gaiyo/dl/hoken.pdf Accessed October 10, 2020

5. Tsutsui T, Muramatsu N. Care-needs certification in the long-term care
insurance system of Japan. J Am Geriatr Soc. 2005;53:522-7. https://doi.
org/10.1111/j.1532-5415.2005.53175x.

6. National Institute of Population and Social Research. Population statitics
of Japan 2012. 2021 http://www.ipss.go.jp/p-info/e/Population%20%
20Statistics.asp. Accessed December 12, 2020

7. Mnistry of Health Lavour and Wellfar. Overview of the National Survey
on Living Standards 2019 (in Japanese). 2021 https://www.mhlw.gojp/
toukei/saikin/hw/k-tyosa/k-tyosa19/index.html

8. lgarashiY, Tagami T, Hagiwara J, et al. Long-term outcomes of patients
evacuated from hospitals near the Fukushima Daiichi nuclear power
plant after the Great East Japan Earthquake. PLoS One. 2018;13:0195684.
https://doi.org/10.1371/journal.pone.0195684.

9. Restoration of the Office. Number of earthquake related deaths in the
Great East Japan Earthquake (in Japanese). 2015 https://www.recon
struction.gojp/topics/main-cat2/sub-cat2-6/20201225_kanrenshi.pdf.
Accessed December 12,2020

10. Kyota K, Tsukasaki K, Itatani T. Disaster preparedness among families
of older adults taking oral medications. Home Health Care Serv Q.
2018;37:325-35. https://doi.org/10.1080/01621424.2018.1517704.

11. Lane SJ, McGrady E. Measures of emergency preparedness contributing
to nursing home resilience. J Gerontol Soc Work. 2018;61:751-74.
https://doi.org/10.1080/01634372.2017.1416720.

12. Kleier JA, Krause D, Ogilby T. Hurricane preparedness among elderly
residents in South Florida. Public Health Nurs. 2018;35:3-9.
https://doi.org/10.1111/phn.12344.

13. Fonseca VA, Smith H, Kuhadiya N, et al. Impact of a natural disaster on dia-
betes: exacerbation of disparities and long-term consequences. Diabetes
Care. 2009;32:1632-8. https://doi.org/10.2337/dc09-0670.

14. Dosa D, Feng Z, Hyer K, et al. Effects of Hurricane Katrina on nursing
facility resident mortality, hospitalization, and functional decline. Disaster
Med Public Health Prep. 2010;4(Suppl 1):528-32. https://doi.org/10.1001/
dmp.2010.11.

20.

AR

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

Page 12 of 13

. Prohaska TR, Peters KE. Impact of Natural Disasters on Health Outcomes

and Cancer Among Older Adults. Gerontologist. 2019;59:550-6.
https://doi.org/10.1093/geront/gnz018.

. Statistics of Japan. Vital Statistics Vital statistics of Japan Final data Sum-

mary Volume 1 3-3-1 Summary tables of vital statistics:Japan, each pre-
fecture and 21 major cities. 2018 https.//www.e-stat.go.jp/en/stat-search/
files. Accessed 1/13 2021

. Mnistry of Health Lavour and Wellfare. The 2018 Japan Floods Exemption

Requirement For Affected Residents. In: Mnistry of Health LaW (ed) 2021

. Laditka SB, Laditka JN, Xirasagar S, et al. Providing shelter to nursing

home evacuees in disasters: lessons from Hurricane Katrina. Am J Public
Health. 2008;98:1288-93. https://doi.org/10.2105/AJPH.2006.107748.

. Dosa D, Hyer K, Thomas K, et al. To evacuate or shelter in place: implica-

tions of universal hurricane evacuation policies on nursing home
residents. J Am Med Dir Assoc. 2012;13:190 e191-197. https://doi.org/10.
1016/jjamda.2011.07.011.

Nishiguchi S, Yamada M, Sonoda T, et al. Cognitive Decline Predicts Long-
Term Care Insurance Requirement Certification in Community-Dwelling
Older Japanese Adults: A Prospective Cohort Study. Dementia and
Geriatric Cognitive Disorders Extra. 2013;3:312-9. https://doi.org/10.1159/
000354962.

Matsuda T, Iwagami M, Suzuki T, et al. Correlation between the Barthel
Index and care need levels in the Japanese long-term care insurance
system. Geriatrics & Gerontology International. 2019;19:1186-7.
https://doi.org/10.1111/9gi.13777.

Tamiya N, Department of Health Services Research GSoHCS, University
of Tsukuba, Ibaraki, Japan, Noguchi H et al. Population ageing and
wellbeing: lessons from Japan's long-term care insurance policy. Lancet
2011;378:1183-1192. https://doi.org/10.1016/5S0140-6736(11)61176-8
Statistics Bureau Ministry of Internal Affairs and Communications. Popu-
lation Census | All | Browse Statistics | Portal Site of Official Statistics of
Japan. 2021 https.//www.e-stat.go.jp/en/stat-search?page=1&toukei=
00200521. Accessed December 20, 2020

Bartlett JW, Seaman SR, White IR, Alzheimer’s Disease Neuroimaging |,

et al. Multiple imputation of covariates by fully conditional specifica-
tion: Accommodating the substantive model. Stat Methods Med Res.
2015;24:462-87. https://doi.org/10.1177/0962280214521348.

Sharpe D. Chi-square test is statistically significant: Now what? Pract
Assessment Res Evaluation. 2015; 20:8

Crilly J, Chaboyer W, Wallis M. Continuity of care for acutely unwell older
adults from nursing homes. Scand J Caring Sci. 2006;20:122-34. https://
doi.org/10.1111/j.1471-6712.2006.00388 x.

Ohara M, Nagumo N. Mortality by Age Group and Municipality in the July
2018 Torrential Rainfall. J Disaster Res. 2019;14:912-21.

Bell SA, Abir M, Choi H, et al. All-Cause Hospital Admissions Among Older
Adults After a Natural Disaster. Ann Emerg Med. 2018;71:746-754 e742.
https://doi.org/10.1016/j.annemergmed.2017.06.042.

Brown LM, Dosa DM, Thomas K, et al. The effects of evacuation on nurs-
ing home residents with dementia. Am J Alzheimers Dis Other Demen.
2012;27:406-12. https://doi.org/10.1177/1533317512454709.

Nandi S. Quantifying dementia care in Japan: a discussion on the long-
term care insurance. Psychogeriatrics. 2001;1:100-7.

Redfoot DL, Houser AN. " We shall travel on": Quality of care, economic
development, and the international migration of long-term care workers.
Citeseer 2005.

Pelling M. The vulnerability of cities: natural disasters and social resilience.
2012; Routledge

Cherry K, Brown J, Marks L et al. Longitudinal Assessment of Cognitive
and Psychosocial Functioning After Hurricanes Katrina and Rita: Exploring
Disaster Impact on Middle-Aged, Older, and Oldest-Old Adults. J Appl
Biobehav Res. 2011; 16. https://doi.org/10.1111/.1751-9861.2011.00073.x
Pradhan PMS, Dhital R, Subhani H. Nutrition interventions for children
aged less than 5 years following natural disasters: a systematic review.
BMJ open. 2016;6:e011238.

Kermanshachi S, Bergstrand K, Rouhanizadeh B. Identifying, weight-

ing and causality modeling of social and economic barriers to rapid
infrastructure recovery from natural disasters. Irma and Maria: A study of
hurricanes Harvey; 2019.

Yoshida S, Kashima S, Matsumoto M. The effect of the 2018 Japan Floods
on cognitive decline among long-term care insurance users in Japan: a


https://doi.org/10.1111/jnu.12328
http://www.bousai.go.jp/updates/h30typhoon7/pdf/300905_1700_h30typhoon7.pdf
http://www.bousai.go.jp/updates/h30typhoon7/pdf/300905_1700_h30typhoon7.pdf
http://www.mhlw.go.jp/seisakunitsuite/bunya/hukushi_kaigo/kaigo_koureisha/gaiyo/dl/hoken.pdf
http://www.mhlw.go.jp/seisakunitsuite/bunya/hukushi_kaigo/kaigo_koureisha/gaiyo/dl/hoken.pdf
https://doi.org/10.1111/j.1532-5415.2005.53175.x
https://doi.org/10.1111/j.1532-5415.2005.53175.x
http://www.ipss.go.jp/p-info/e/Population%20%20Statistics.asp
http://www.ipss.go.jp/p-info/e/Population%20%20Statistics.asp
https://www.mhlw.go.jp/toukei/saikin/hw/k-tyosa/k-tyosa19/index.html
https://www.mhlw.go.jp/toukei/saikin/hw/k-tyosa/k-tyosa19/index.html
https://doi.org/10.1371/journal.pone.0195684
https://www.reconstruction.go.jp/topics/main-cat2/sub-cat2-6/20201225_kanrenshi.pdf
https://www.reconstruction.go.jp/topics/main-cat2/sub-cat2-6/20201225_kanrenshi.pdf
https://doi.org/10.1080/01621424.2018.1517704
https://doi.org/10.1080/01634372.2017.1416720
https://doi.org/10.1111/phn.12344
https://doi.org/10.2337/dc09-0670
https://doi.org/10.1001/dmp.2010.11
https://doi.org/10.1001/dmp.2010.11
https://doi.org/10.1093/geront/gnz018
https://www.e-stat.go.jp/en/stat-search/files
https://www.e-stat.go.jp/en/stat-search/files
https://doi.org/10.2105/AJPH.2006.107748
https://doi.org/10.1016/j.jamda.2011.07.011
https://doi.org/10.1016/j.jamda.2011.07.011
https://doi.org/10.1159/000354962
https://doi.org/10.1159/000354962
https://doi.org/10.1111/ggi.13777
https://doi.org/10.1016/S0140-6736(11)61176-8
https://www.e-stat.go.jp/en/stat-search?page=1&toukei=00200521
https://www.e-stat.go.jp/en/stat-search?page=1&toukei=00200521
https://doi.org/10.1177/0962280214521348
https://doi.org/10.1111/j.1471-6712.2006.00388.x
https://doi.org/10.1111/j.1471-6712.2006.00388.x
https://doi.org/10.1016/j.annemergmed.2017.06.042
https://doi.org/10.1177/1533317512454709
https://doi.org/10.1111/j.1751-9861.2011.00073.x

Miyamori et al. BMC Geriatrics

37.

38.

(2022) 22:168

retrospective cohort study. Environ Health Prev Med. 2021;26:113.
https://doi.org/10.1186/512199-021-01038-9.

Yoshida S, Kashima S, Ishii S, Koike S, M. M Effects of 2018 Japan Floods on
long-term care insurance costs in Japan: retrospective cohort study. BMC
Public Health (in press)

Sawano T, Nishikawa Y, Ozaki A, et al. Premature death associated with
long-term evacuation among a vulnerable population after the Fukush-
ima nuclear disaster: A case report. Medicine (Baltimore). 2019;98:216162.
https://doi.org/10.1097/md.0000000000016162.

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

Page 13 of 13

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

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

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

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1186/s12199-021-01038-9
https://doi.org/10.1097/md.0000000000016162

	Discontinuation of long-term care among persons affected by the 2018 Japan Floods: a longitudinal study using the Long-term Care Insurance Comprehensive Database
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Catastrophic rainfall in western Japan
	LTC insurance claims in Japan
	Disaster and discontinuation of LTC services

	Materials and methods
	Study design and settings
	Eligibility criteria
	Outcome
	Certification of severely affected persons
	Closure of care facility
	Potential confounding factors
	Statistical methods
	Ethical considerations

	Results
	Subjects
	Association between the disaster and health outcomes
	Subgroup Analysis

	Discussion
	Conclusions
	Acknowledgements
	References


