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Abstract.
Background: Japan has one of the highest percentages of persons with dementia and hospital deaths in the world. Hospitals
are often not equipped to handle the care complexity required for persons with dementia at the end of life. The National
Dementia Orange plan aimed to decrease hospital deaths by expanding time in the community.
Objective: The aim of this study is to evaluate whether the National Dementia Orange Plan is associated with a decrease in
hospitals deaths for persons with dementia.
Methods: We used quarterly, cross-sectional, national death certificate data consisting of the total Japanese dementia pop-
ulation 65 years and older, spanning a period from 2009 to 2016. The primary outcome was quarterly adjusted relative risk
rates (aRRR) of dying in hospital, nursing home, home, or elsewhere. An interrupted time series analysis was performed to
study the slope change over time. Analyses were adjusted for sex and seasonality.
Results: 149,638 died with dementia. With the implementation of the Orange Plan, death in nursing home (aRRR 1.08,
[1.07–1.08], p < 0.001) and elsewhere (aRRR 1.05, [1.05–1.06], p < 0.001) increased over time compared to hospital death.
No changes were found in death at home.
Conclusion: This study provides evidence that the National Dementia Orange plan was associated with a small increase in
death in nursing home and elsewhere. Hospital death remained the primary location of death. End-of-life strategies should
be expanded in national dementia policies to increase aging in the community until death.
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INTRODUCTION

Japan has the oldest population in the world with
nearly 36 million persons of 65 years and older [1].
The proportion of persons over 65 years old is pro-
jected to reach 40% of the total population by 2060
[2]. Parallel to the aging of society, the Japanese
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government projects 7 million persons with dementia
by 2025; one of the highest proportions of dementia in
the world [3]. Japan also has the highest percentage of
hospital deaths in the world [4]. This is not favorable
as hospitalization can be harmful for persons with
dementia due to the increased risk of delirium, func-
tional decline, inadequate pain control, and mortality
[5, 6]. Moreover, as persons with dementia increas-
ingly experience complex symptoms of cognitive and
functional impairments, care needs at the end of life
can be difficult to address in hospitals [7, 8]. Although
there is only limited evidence available on persons’
with dementia own preference for location of death,
a small Japanese study showed that death at home or
nursing is preferred over hospital death [9].

The Japanese government introduced in 2013 a
national dementia plan, the Orange Plan, which ai-
med to enable persons with dementia to maximize
time in the community by developing dementia
friendly communities. Important pillars of the Orange
Plan included 1) create a widespread, standardized
dementia care pathway; 2) improve community-
based healthcare services; 3) strengthen family sup-
port in communities; 4) accelerate the development
of more health care staff providing long-term care;
and 5) facilitate end-of-life care in group homes [10].
Koyama et al. [11] found that since 2005 Japanese
proportions of hospital death gradually decreased
over time for the total population while nursing home
deaths increased. Nakanishi et al. [12] showed that
after the introduction of the Orange Plan, persons
with dementia were still more likely to die in a hospi-
tal, compared to nursing home and home. However,
the analysis did not include comparisons between
pre-reform and post-reform trends, making it diffi-
cult to assess if the Orange Plan was associated with
changes in location of death.

There is a growing recognition that location of
death is an important quality indicator of end-of-life
care [13]. Research on location of death is needed
to evaluate and create evidenced-based end-of-life
dementia policy. In recent years, countries world-
wide increasingly adopted end-of-life care strategies
in national dementia plans; however, content was
varying in terms of comprehensiveness and matu-
rity [14]. Assessing effects of the Japanese Orange
Plan could inform on how to address the growing
end-of-life care needs for persons with dementia. The
aim of this study is to evaluate whether the Orange
Plan is associated with a decrease in hospitals deaths
for persons with dementia based on population-level
data using an interrupted time-series analysis. We

hypothesized that the Orange Plan would gradually
increase proportions of death in nursing home and at
home over time, as establishing the infrastructure for
community-based care services was planned over a
five-year period [10].

METHODS

Study design

We performed an interrupted time series analy-
sis based on the guidelines of Bernal et al. [15] to
evaluate whether the Orange plan reform was asso-
ciated with changes in location of death for the total
Japanese population 65 years and older that died with
dementia. In an interrupted time series analysis, out-
come data is taken from regularly spaced intervals
and is divided by an interruption point, in this case
April 1, 2013, the introduction of the Orange Plan.
The robust modeling technique analyzes segmented
patterns of the pre and post-reform period, which
allows for controlling for secular changes that might
have occurred when the reform was not implemented
[15]. We structured methods and results based on
the reporting recommendations for interrupted time
series by Jandoc et al. (Supplementary Material) [16].

Study data

We received anonymized and publicly available,
repeated cross-sectional, national aggregated data on
location of death from vital statistics Japan. The data
covered the entire Japanese population 65 years and
older at death. We used quarterly data spanning the
period January 1, 2009 to December 31, 2016. For the
identification of persons with dementia, underlying
cause of death was obtained from death certifi-
cates based on the International Classification of
Diseases, Tenth Revision (codes: F00.0, F00.1, F0
0.2, F00.9, F01.0, F01.1, F01.2, F01.3, F01.8, F01.9,
F02.0, F02.1, F02.2, F02.3, F02.4, F02.8, F03, G30.0,
G30.1, G30.8, G30.9).

Primary outcome

The primary outcome variable was location of
death based on the death certificate categorized by
hospital, nursing home, home, and elsewhere (includ-
ing rehabilitation centers and unknown). Death
certificates did not specify hospice as a separate cate-
gory. Death in hospice was included in hospital death,
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as in Japan the vast majority were in-hospital hospice
services [17].

Analysis

We performed a weighted multinomial logistic
regression to calculate adjusted relative risk ratios
(aRRR) and year-specific mean predicted probabil-
ities of location of death for persons with dementia.
The regression analyses were weighted to adjust for
population growth over the duration of the study, and
sex was included as a covariate. All variables were
held at their means when calculating predicted prob-
abilities. Death in hospital was the reference category.
The multinomial logistic regression model included
an interaction term between a Time variable in year
quarters, and a Reform variable coded as 0 pre-reform
period and 1 as post-reform period. The interaction
can be interpreted as the quarterly change in relative
risk of dying at a given location over time since the
introduction of the reform compared to the underly-
ing counterfactual (i.e., slope change). We adjusted
for sex, and included calendar quarters as a categor-
ical variable in the model to account for seasonality
[15]. Stata version 16 was used for all analyses.

RESULTS

Descriptive analysis

Dementia was the registered underlying cause of
death for 149,638 individuals during the study period.
Before the Orange Plan introduction, the average pro-
portions by location of death were hospital 54.9%,
nursing home 21.7%, home 12.1%, and elsewhere
11.3%. Post-implementation, the average proportions

by location of death were hospital 50.0%, nursing
home 26.7%, home 10.9%, and elsewhere 12.4%.
Table one presents yearly unadjusted ratios of loca-
tion of death. Dementia accounted for between 1.1%
and 2.3% of the yearly deaths from the total Japanese
population 65 years and older, of which the majority
were female.

Interrupted time series analysis

Pre-reform estimates indicated, compared to hos-
pital deaths, a relative increase in death in nursing
homes (aRRR 1.08, 95% CI 1.06–1.09, p < 0.001)
and elsewhere (aRRR 1.07, 95% CI 1.05–1.10,
p < 0.001) (Fig. 1 and Table 2). There was no sig-
nificant pre-reform change in dying at home. After
the implementation of the Orange Plan, an accelera-
tion (increased slope) in nursing home deaths (aRRR

Fig. 1. Quarterly predicted probabilities of location of death for
persons with dementia plotted over time. From multinomial logis-
tic regression, weighted to adjust for population growth over the
study period. Grey dashed line is the implementation of the April
2013 National Dementia Orange plan.

Table 1
Unadjusted yearly proportions of location of death (2009–2016) for persons with dementia

Persons with dementia

Proportion Female Nursing Female Home Female Hospital Female Elsewhere Female
of total Home

population
Years N (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

2009 10,214 1.1 65.9 19.9 81.6 12.8 69.6 57.5 58.1 9.73 75.4
2010 12,011 1.2 66.5 21.3 81.5 12.1 67.8 54.9 58.2 11.8 77.1
2011 14,808 1.4 66.9 22.8 80.8 11.4 69.9 54.1 58.3 11.8 76.5
2012 17,714 1.6 67.6 23.8 80.1 11.7 68.9 52.1 58.9 12.5 77.3
2013a 20,494 1.8 67.9 25.3 80.8 11.5 69.3 51.5 59.3 11.7 76.9
2014a 22,573 2.0 67.7 26.3 79.6 10.9 67.3 50.4 59.7 12.4 75.7
2015a 24,637 2.1 67.9 27.1 79.7 10.5 68.3 49.5 59.2 12.8 76.5
2016a 27,187 2.3 67.9 28.8 79.7 10.6 68.5 48.1 59.0 12.5 74.1
Total 149,638
aIndicates post Orange Plan Reform.
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Table 2
Interrupted time series analysis adjusted Relative Risk Ratios of location of death for persons with dementia

Persons with dementia (N = 149,638)

Nursing home Home Elsewhere

aRRR aRRR aRRR
(95% CI) (95% CI) (95% CI)

p p p

Pre-intervention trend 1.08 (1.06–1.09) 1.00 (0.98–1.02) 1.07 (1.05–1.10)
<0.001 0.991 <0.001

Slope change after 1.08 (1.07–1.08) 1.00 (0.99–1.00) 1.05 (1.05–1.10)
Orange Plan <0.001 0.765 <0.001
Females 2.84 (2.76–2.92) 1.52 (1.47–1.58) 2.21 (2.13–2.30)

<0.001 <0.001 <0.001

Data are year quarters, adjusted Relative Risk Ratios (aRRR) from multinomial logistic regressions with hospital
death set as reference category. Models are weighted for population growth over the study period.

1.08, 95% CI 1.07–1.08, p < 0.001) and death else-
where (aRRR 1.05, 95% CI 1.05–1.06, p < 0.001)
occurred over time. There was no significant slope
change for home death. Females compared to males
were more likely to die in nursing home (aRRR 2.84,
95% CI 2.76–2.92, p < 0.001), home (aRRR 1.52,
95% CI 1.47–1.58, p < 0.001), and elsewhere (aRRR
2.21, 95% CI 2.13–2.30, p < 0.001) than in hospital.

DISCUSSION

Key findings

This study provides evidence that the National
Dementia Orange Plan is associated with a small
increase in death for persons with dementia in nursing
homes and elsewhere compared to hospital. We did
not find a significant change over time in home deaths
compared to hospital deaths. Hospital remained the
primary location of death for persons with dementia.

The small increase in nursing home deaths may
be related to several policies of the Orange Plan. For
example, a goal of the Orange Plan to facilitate end-
of-life care in small group nursing homes might have
enabled more persons with dementia to reside in nurs-
ing homes until death. Previous to the Orange Plan,
end-of-life care in group homes was uncommon as
a national survey showed that in 2004 only 5.4% of
Japanese group homes provided a form of end-of-life
care [9]. Yet, Hirakawa et al. [18] found that 76.4%
of the managing directors from group homes deemed
it was possible under the conditions: that staff had
the appropriate training, no need of medical inter-
ventions, and understanding of users and family. By
accelerating the development of more health care staff
providing long-term care, and facilitating end-of-life
care, capacity in nursing homes to provide end-of-life
care might have been expanded.

However, the Orange Plan might have been subop-
timal in extending time in nursing homes until death.
Japan has several types of nursing home facilities
that provide care for the dementia population such
as small group homes, special nursing homes, care
medical facilities, and fee-based homes for older per-
sons. All facilities have a different aim and provision
of social and health care services, which compli-
cates care coordination. Nakanishi et al. [19] found
that medical deterioration is an important factor that
drives care transitions in Japan, frequently resulting in
hospitalization. This is disadvantageous for persons
with dementia who experience increased symptom
burden over time. Furthermore, specific end-of-life
policies for persons with dementia such as advance
care planning are lacking in Japanese nursing homes,
which also increases the risk of rushed decisions in
acute situations, resulting in hospitalization in the end
of life [20]. Although the Orange Plan aimed to create
a widespread standardized dementia care pathway,
increased attention to continuity of care in long-term
care may enable an increase in the number of persons
with dementia dying in nursing homes [21].

Proportions of death elsewhere marginally
increased over time after the Orange Plan implemen-
tation, and gradually surpassed proportions of home
death in the post-reform period. Death elsewhere
mainly included death in geriatric intermediate care
facilities. The increase in death elsewhere could be a
consequence of geriatric intermediate care facilitates
serving as nursing homes for people with complex
care needs who are discharged from hospital, yet,
cannot find nursing home placement due to long
waiting lists [22]. Persons with dementia rarely
return home from geriatric intermediate care facil-
ities [23]. Residents that were using care services
at home before geriatric intermediate care facility
admission were more likely to be discharged home,
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suggesting the need for appropriate home-based care
services [24].

This study found no changes over time in pro-
portions of dying at home. An increase in home
deaths may be difficult to achieve due to the com-
plex demanding care needs of persons with dementia
in the end of life. This is consistent with the findings
of Sato et al. [25] who researched the 2006 Japanese
incentivization program that aimed to decrease hos-
pitals death, and found that the shift from hospitals
towards different locations of death was more promi-
nent for nursing home residents than for older adults
living in at home. In addition, Penders et al. [26]
showed that nursing homes seem to be more success-
ful than home-based care in avoiding hospitalizations
at the end of life. Although home-based end-of-life
care services in Japan are expected to provide care
for a variation of diseases, it is primarily offered to
cancer patients, which leave the demanding end-of-
life care needs of community-dwelling persons with
dementia unaddressed [27].

The decreasing trend in hospital death over the
total study period can be mainly attributed to the
increase in nursing home death. We expect that this
shift in location of death also might be the result of
previous health policy reforms, as since 2000 Japan
has implemented a series of long-term care reforms.
The most substantial reforms occurred in 2005 with
the Long-Term Care Insurance Act and in 2006 the
Health Care Reform Act. Both reforms were char-
acterized by integrated measures across health and
social care for all older adults at the community level,
which also included changes in end-of-life policies
[28, 29]. Koyama et al. [11] who studied location
of death of persons with dementia in Japan over the
period 1999–2016 found that the peak of hospital
deaths was in 2005 and declined consistently after,
while nursing home deaths steadily increased. Fur-
ther research evaluating previous policy reforms on
location of death could contribute to evidenced-based
end-of-life policies.

Despite the decrease in hospital death, the propor-
tion of Japanese persons with dementia dying in a
hospital (48.1%) remained considerably high com-
pared to rates of other developed countries like the
Netherlands (11.6%), USA (13.2%) New Zealand
(14.3%), and England (31.7%) [30, 31]. These coun-
tries appear to have adapted their health system in a
way that enabled nursing home death for persons with
dementia (Netherlands 69.7%, USA 62.6%, New
Zealand 76.6%, England 61.7%) [30, 31]. Nakan-
ishi [10] compared the Japanese national dementia

strategy to those of other countries and found that
coordination of dementia care in Japan is fragmented,
compared to England were the local government per-
sonnel coordinates health- and social-care services,
while in the Netherlands care is coordinated by a
dementia case manager. Furthermore, unlike other
countries, Japanese families are rarely involved in
decision-making process for the arrangement of care
services, strategies for family advocacy are lacking,
and there are limited family caregiver support options
such as respite care. Also, Japan has no explicit
legislation on advance directives and advance care
planning, which are generally well established in the
Netherlands, USA, New Zealand, and England [10].

In the perspective of geographical location, South
Korea has a higher proportion of hospital death (73%)
for persons with dementia compared to Japan (48.1%)
[30]. Like Japan, in South Korea traditionally older
adults were cared for by family members at home;
however, in recent years there is a high reliance on
hospital care at the end of life. Despite the imple-
mentation of a long-term care insurance in 2008,
that aimed to increase access to nursing homes and
home care services, over time trends show that hos-
pital and nursing home deaths increased while home
deaths decreased. Suggesting increasing home deaths
asks for substantial investments in home-based care
services [32].

Strengths of this study include being the first study
evaluating effects of national dementia Orange Plan
on location of death, using longitudinal population-
level data, comparing pre- and post-reform trends.
However, several limitations remain. We depended
on the death certificate data to identify persons with
dementia making these results a conservative under-
estimate, as the Japanese prevalence of Alzheimer’s
and related dementia aged 65 years and older is esti-
mated to be 11.3% [3]. Furthermore, information
on changes in location shortly before death is not
included in death certificate data. Lastly, there may
be other sociodemographic and health factors that
are associated to location of death; however, those
data were not available. Fortunately, the use of inter-
rupted time series analysis is as stated by Bernal et
al. [15] “is usually robust against typical confounding
variables like population age distribution or socioe-
conomic status because they change slowly over time
and are normally accounted for when modelling the
underlying long-term trend”.

Nakanishi et al. [12] showed that the absolute
number of Japanese dementia deaths in hospital, nurs-
ing home, and intermediate geriatric care facilities
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increased consistently over the period 1996 to 2016,
mainly due to the steep increase in the total dementia
deaths over time. Even though the National Demen-
tia Orange Plan aimed to invest in the care capacity
of long-term care facilities, and stimulated end-of-
life care in community settings, it might have been
insufficient to cope with the care demand of the ris-
ing number of persons with dementia. The Orange
Plan was characterized by policies enabling persons
with dementia to maximize their time in the commu-
nity. However, the reform included few end-of-life
strategies. Results of this study show that the Orange
Plan had a modest effect on location of death in
persons with dementia, as proportions of hospital
death slightly decreased, moving towards death in
nursing home and elsewhere, while proportions of
home death remained relatively unchanged. This may
imply that end-of-life strategies in national dementia
policy must be expanded to extend time in the com-
munity until death. Policy makers should consider
addressing coordination of care between home, social
and health care services, as end-of-life care for per-
sons with dementia requires an integrated approach
with continuity of care across settings. Establish-
ing strong home-based end-of-life services integrated
in dementia care might help family caregivers to
extend the time at home of their loved ones. In addi-
tion, including family in the decision-making process
of arranging care, providing advocacy services, and
family support such as respite care seem important
to increase aging in the community. Furthermore,
nursing homes should institute strategies such as
advance care planning to minimize hospitalizations
at the end of life. Further work is required to create a
better understanding of persons with dementia, care
provider, and system related factors for successful
community-based end-of-life care.
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