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Abstract

Background: this study aimed to identify distinct subgroups of trajectories of disability over time before 3 years of death and
examine the factors associated with trajectory group membership probabilities among community-dwelling Japanese older
adults aged 65 years and above.
Methods: participants included 4,875 decedents from among community-dwelling Japanese older adults, aged ≥ 65 years
at baseline (men: 3,020; women: 1,855). The certified long-term care levels of the national long-term care insurance (LTCI)
system were used as an index of functional disability. We combined data from the 2010 Japan Gerontological Evaluation
Study and data from the 2010 to 2016 LTCI system. Group-based mixture models and multinominal logistic regression
models were used for data analysis.
Results: five distinct trajectories of functional disability in the last 3 years of life were identified: ‘persistently severe
disability’ (10.3%), ‘persistently mild disability’ (13.0%), ‘accelerated disability’ (12.6%), ‘catastrophic disability’ (18.8%)
and ‘minimum disability’ (45.2%). Multinominal logistic regression analysis found several factors associated with trajectory
membership; self-rated health was a common predictor regardless of age and gender. The analysis also showed a paradoxical
association; higher education was associated with trajectory group membership probabilities of more severe functional decline
in men over 85 years at death.
Conclusions: individual perception of health was a strong predictor of trajectories, independent of demographic factors and
socio-economic status. Our findings contribute to the development of policies for the long-term care system, particularly for
end-of-life care, in Asian countries.
Keywords: disability, Japan, trajectory, older people

Key Points

• Understanding the heterogeneity of the disablement process over time is informative for disability prevention strategies.
• Using long-term care insurance data and nationwide survey samples, we identified five disability patterns at end of life.
• Self-rated health was a strong predictor of such trajectories, independent of demographic factors and socio-economic status.
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Introduction

Functional disability is a critical public health issue in an
increasingly ageing society. Functional disability, defined as
difficulty in performing tasks needed for independent living
[1], is generally measured by activities of daily living (ADL)
[2–4] and instrumental ADL [5]. Functional disability in
older adults affects their quality of life and health status,
and impacts the health care system with long-term hospital-
isation and care needs [6, 7]. Thus, exploring the potential
factors for the prevention and postponement of functional
disability is necessary.

The theory of compression of morbidity proposes that, if
the onset of chronic illness and disability can be postponed,
the lifetime burden of illness and disability can be com-
pressed into a shorter average period before death [8]. This
theory is informative for population-based disability preven-
tion strategies; however, the disablement is an individual-
level phenomenon. For the development of clinical strategies
for end-of-life care and support from family members, it is
more useful to understand the systematic heterogeneity of
the disablement process over time for community-dwelling
older people at the end-of-life stage.

Although several studies have revealed trajectory patterns
of functional disability in old age [9–13], research on dis-
ability trajectories at the end of life is sparse. Gill et al. [14]
found five distinct trajectories of disability in the last year of
life among community-dwelling older residents—no disabil-
ity, catastrophic disability, accelerated disability, progressive
disability and persistently severe disability. Lunney et al.
[15] also identified similar trajectory patterns of mobility
limitation at end of life (3 years before death) in community-
dwelling older people. However, these two studies were
based on data from the United States; no study from Asian
countries, including Japan, has explored these patterns at
end of life. Functional trajectories are relevant to diagnosis
and the delivery of health services and long-term care, which
vary across countries [16, 17]. Furthermore, these studies did
not specifically examine the determinants of trajectories by
age group, which may be particularly informative for policy
implications.

To better understand the patterns of functional disabil-
ity at end of life in older adults, this study analysed data
from the Japan Gerontological Evaluation Study (JAGES), a
questionnaire-based nationwide study targeting community-
dwelling older people aged ≥ 65 years who are functionally
independent. First, it aimed to identify distinct subgroups
of trajectories of disability over time 3 years before death.
Second, it examined the factors associated with trajectory
group membership probabilities by age group.

Methods

Study participants

Baseline data were obtained from the 2010 JAGES and
combined with individual long-term care insurance (LTCI)

data for 6 years (2010–16) from 14 municipalities in seven
prefectures across six regions in Japan. Of the 121,398 adults
recruited in the JAGES 2010 survey, 72,440 responded
(response rate 59.7%). Among them, 70,697 participants’
data matched with the LTCI database, whereas 7,943 had
died during the follow-up period until 2016. Among them,
4,875 decedents were eligible for LTCI trajectories with
>36 months’ follow-up (Figure 1).

The JAGES protocol was approved by the Ethics Com-
mittee for Research on Human Subjects at Nihon Fukushi
University (No. 10-05), and the use of the JAGES data
was approved by the Ethics Committee of the Faculty of
Medicine, The University of Tokyo (No. 10555).

This study is a continuation of our previous work that
identified the trajectory patterns, using the same combined
databases of JAGES 2010 and individual LTCI data for
6 years [10]. While the previous study identified three trajec-
tory patterns from the ‘onset’ of the functional disability, this
study focuses on functional disability at ‘end of life’ in older
adults, which can contribute directly to the development of
end-of-life care and support from family members.

Functional disability

We used the certified long-term care levels of the national
LTCI system as an index of functional disability. According
to the LTCI system, individuals are classified into seven care
levels based on a home visit survey by a trained interviewer
and an examination by a primary care physician: support
levels 1–2 and care levels 1–5 [18], where care level 5
indicates the highest functional disability. In principle, the
long-term care level certification is valid for 12 months, and
a maximum of 24 months (with the exception of 6 months
for the initial certification). Older adults or their family
members need to renew the certification before expiry, and
may apply for re-evaluation of the care level based on the
progress of the disability even during the validity period.
Each municipality, as the insurer, makes the final decision
to certify the care level based on nationally standardised
evaluation items. We scored individual functional disability
using an 8-point Likert scale: 8 = independent, 7 = support
level 1, 6 = support level 2, 5 = care level 1, 4 = care level
2, 3 = care level 3, 2 = care level 4 or 1 = care level 5. In
the current analysis, we used the care levels during the last
36 months before death.

Sociodemographic factors

We assessed participants’ marital status and socio-economic
status (SES; including education, annual equivalised house-
hold income and working status) from the 2010 JAGES
survey. Marital status was divided into ‘married’ or ‘not
married’. Education was measured by years of schooling and
categorised into ‘≤9 years’ or ‘≥10 years’. Annual equiv-
alised household income was adjusted for household size,
dividing the income by the square root of the number of
people in the household, and categorised into ‘< 3 million
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Figure 1. Flow diagram for participant selection.

yen’ or ‘≥3 million yen’. Working status was categorised into
‘currently working’ or ‘currently not working’.

Health status

Health status included self-rated health and number of
current medical treatments, from the 2010 JAGES data.
Self-rated health was assessed by: ‘How do you feel
about your current health status: excellent, good, fair,
or poor?’ Responses were categorised into dichotomous
variables (good [excellent/good] or poor [fair/poor]). The
number of current medical treatments was calculated for
14 diseases (i.e. cancer, heart disease, stroke, high blood
pressure, diabetes, obesity, hyperlipidaemia, osteoporosis,
joint disease/neuralgia, injury/fracture, respiratory disease,
gastrointestinal disease, liver disease and mental disease)
in three categories (1 = no disease, 2 = 1 disease or 3 = ≥2
diseases).

Covariates

Duration from the baseline survey to death (days) and
population density were used as covariates. We evaluated
the last 3 years of life during the 6 follow-up years from
2010, encompassing 1,095–2,339 days. Municipality pop-
ulation density of inhabitable area was categorised as fol-
lows: metropolitan (≥4,000 people/km2), urban (1,500–
3,999 people/km2), semi-urban (1,000–1,499 people/km2)
and rural (≤999 people/km2).

Statistical analysis

First, we used group-based mixture models (GBMM) with
maximum likelihood estimation, using traj STATA package

[19], to identify distinct trajectories of functional disability
before death among older decedents. GBMM focuses on
between-class differences in intercepts and slopes; individuals
within each group start at the same value [20]. We used
GBMM since our study focuses on trajectory group identi-
fication, rather than distinct populations within subgroups.
In addition, GBMM results are simple and easy to interpret
compared with other models, such as the growth mixture
model, because the model provides clearer identification
of latent classes and simpler computations [20]. The level
of functional disability per month in the last 36 months
before death (i.e. 36 time points) was modelled as a normal
distribution. We identified trajectories based on the number
of groups (2–5) and the shape of their trajectory (1: linear,
2: quadratic or 3: cubic) and selected the best fit using the
Bayesian information criterion, the Akaike information cri-
terion, substantial number of participants in each group (at
least 5%) and the study objective (identification of distinct
and interpretable trajectories of functional disability). To
determine the final model’s validity, we confirmed that the
average posterior probability of each class was above 0.70,
which indicated good discrimination. There were no missing
data for the group-based trajectory analysis, since functional
disability information was collected from a public (LTCI)
database.

We then used multinomial logistic regression analysis to
calculate the relative risk ratios (RRR) and 95% confidence
intervals (CIs), stratified by gender and three age-at-
death groups—young–old (67–79 years), middle–old (80–
84 years) and old–old (≤85 years)—as research on older
Japanese adults has shown that the factors associated
with functional disability differ by gender [21, 22].
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Figure 2. Trajectories of functional disability in the last 3 years of life among decedents. Functional disability indicated the certified
long-term care levels of the national LTCI system by an 8-point Likert scale: 8 = independent, 7 = support level 1, 6 = support level
2, 5 = care level 1, 4 = care level 2, 3 = care level 3, 2 = care level 4 and 1 = care level 5. The solid lines show the estimated values of
functional disability for members in the groups. The plots show the observed level of functional disability among members in the
groups. Dashed lines in black colour show the 95% CIs.

Sociodemographic variables, health status, municipality
population density and duration from baseline survey to
death (days) were added in the model. In addition, we
examined the heterogeneity in the association between
age-at-death and trajectory patterns by gender including
interaction terms. To mitigate potential biases because of
missing data in the JAGES, we used the multiple imputation
(MI) by chained equations approach under the missing at
random assumption. We built 20 imputed data sets and
combined the results using the standard Rubin’s rule [23].
We conducted a sensitivity analysis without MI, applying the
missing indicator method [24]. All analyses were conducted
using STATA 14.2 (Stata Corp, College Stations, TX, USA).

Results

The best-fitting model of functional disability trajectories
before death was a five-trajectory model, shaped ‘3-3-3-3-1’.
Figure 2 illustrates the trajectories of functional disability in
the last 3 years of life for deceased participants: persistently
severe disability (504 [10.3%]), persistently mild disabil-
ity (635 [13.0%]), accelerated disability (616 [12.6%]),

catastrophic disability (915 [18.8%]) and minimum disabil-
ity (2,205 [45.2%]).

Table 1 shows the baseline characteristics of the decedents
by the five trajectories. For both men and women, the
‘minimum disability’ and ‘catastrophic disability’ groups,
respectively, had the highest (49.2% and 38.8%, respec-
tively) and second highest proportions (18.8% and 18.8%).
The average age-at-death differed across the trajectories for
men and women; the ‘persistently mild disability’ group
showed the oldest age-at-death (85.5 years) for men and
the ‘persistently severe disability’ group showed the oldest
age-at-death (88.8 years) for women, whereas the ‘minimum
disability’ group showed the youngest age-at-death (80.0 and
81.2 years, respectively). These groups had different sociode-
mographic characteristics, including marital status and SES.
During the follow-up period, 59.1% of men (n = 1,784) and
68.9% of women (n = 1,278) had certified long-term care
needs. The mean functional ability (the mean certified long-
term care level) at 36 months before death was 7.68 for
men and 7.44 for women, and these decreased to 5.27 and
4.89, respectively, in the last month of life (data not shown).
These results demonstrate that functional disability at the
end of life is more severe in women than in men. The detailed
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Table 1. Characteristics of decedents at baseline according to functional disability trajectory group with imputed data.

All Persistently
severe
disability

Persistently
mild
disability

Accelerated
disability

Catastrophic
disability

Minimum
disability

P-value

% or mean
(SD)

% or mean
(SD)

% or mean
(SD)

% or mean
(SD)

% or mean
(SD)

% or mean
(SD)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Men

(n = 3,020;
100%)

(n = 255;
8.4%)

(n = 331;
11.0%)

(n = 382;
12.7%)

(n = 567;
18.8%)

(n = 1,485;
49.2%)

Age at death 82.0 (6.6) 85.0 (6.6) 85.5 (6.1) 83.8 (6.3) 82.6 (6.2) 80.0 (6.2) <0.001
Years of education, �10 years 45.0 44.5 46.4 39.7 46.1 45.8 <0.001
Equivalised household income,
≥3 million yen

24.7 21.6 25.1 23.7 25.6 25.1 <0.001

Working status, currently
working

19.3 10.7 12.9 15.7 19.3 23.2 <0.001

Marital status, married 82.4 81.4 74.4 84.0 82.5 83.9 <0.001
Number of medical treatments <0.001

0 23.7 23.4 17.3 23.3 23.5 25.3
1 39.9 39.3 40.2 41.8 37.3 40.5
≥2 36.5 37.3 42.5 34.9 39.2 34.3

Self-rated health, good 66.8 55.9 50.3 61.6 66.4 73.9 <0.001
Women

(n = 1,855;
100%)

(n = 249;
13.4%)

(n = 304;
16.4%)

(n = 234;
12.6%)

(n = 348;
18.8%)

(n = 720;
38.8%)

Age at death 84.1 (7.0) 88.8 (6.5) 86.5 (6.2) 85.5 (6.2) 84.0 (6.6) 81.2 (6.6) <0.001
Years of education, �10 years 35.8 29.8 36.5 36.1 35.9 37.6 <0.001
Equivalised household income,
≥3 million yen

25.6 22.6 25.3 30.5 25.9 25.0 <0.001

Working status, currently
working

12.0 5.7 8.2 10.8 12.1 16.1 <0.001

Marital status, married 40.9 32.3 35.5 39.2 34.9 49.5 <0.001
Number of medical treatments <0.001

0 19.1 16.8 17.9 21.3 17.2 20.6
1 38.7 41.7 42.2 36.2 38.7 37.0
≥2 42.2 41.6 39.9 42.5 44.1 42.5

Self-rated health, good 65.9 59.2 56.7 59.4 66.4 74.0 <0.001

SD, standard deviation. The results of one-way factorial ANOVA for age-at-death and chi-square test for other variables.

proportions of each variable by trajectories and age-at-death
subgroups are shown in Supplementary Tables S1 and S2.

Tables 2 and 3 show the results of the multinomial logistic
regression analysis stratified by age (young–old, middle–old
and old–old) and gender. For men, poor self-rated health was
generally associated with memberships in the ‘persistently
severe disability’, ‘persistently mild disability’, ‘accelerated
disability’ and ‘catastrophic disability’ (only for young–old)
trajectories. In particular, among old–old men, higher edu-
cation was associated with ‘persistently mild disability’ and
‘catastrophic disability’; however, these associations were not
observed in other age-at-death groups. Marital status was
also inversely associated with membership in the ‘persistently
mild disability’ trajectory. For women, poor self-rated health
was associated with memberships in the same three trajecto-
ries as men. For other variables, common associations with
multiple trajectory groups were not found. The interaction
between age-at-death (three categories) and gender in the
model of all samples showed that the effect of age for women
aged ≥85 years and belonging to the ‘persistently severe
disability’ trajectory was significantly larger compared with

their male counterparts; however, such an interaction was
not observed in other trajectory patterns.

Supplementary tables show the results of interaction
terms in multinominal logistic regression analysis of all
samples (Supplementary Table S3), baseline characteristics
without imputed data (Supplementary Table S4) and
sensitivity analysis without MI and the missing indicator
method (Supplementary Tables S5 and S6).

Discussion

This study analysed data on functional disability during
the last 3 years of life in a nationwide sample of older
Japanese decedents and generated two key findings. First,
it identified five distinct trajectories of end-of-life (here,
last 3 years before death) functional disability: ‘persistently
severe disability’, ‘persistently mild disability’, ‘accelerated
disability’, ‘catastrophic disability’ and ‘minimum disability’.
Second, it found several factors, including self-rated health
and education, associated with trajectory membership. In
particular, self-rated health was consistently associated with
trajectory membership in both men and women.
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Table 2. Multinominal logistic regression analysis on the trajectory membership of functional disability in the age-at-death
subgroups in men.

Men (n = 3,020)

67–79 years
(n = 1,096)

80–84 years
(n = 809)

85 years
(n = 1,115)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Persistently severe disability RRR (95% CI) RRR (95% CI) RRR (95% CI)
Years of education, ≥10 years 1.08 (0.59–2.00) 1.42 (0.80–2.53) 1.26 (0.81–1.95)
Equivalised household income, ≥3 million yen 0.70 (0.29–1.66) 0.75 (0.34–1.63) 0.88 (0.52–1.49)
Employment status, currently working 0.65 (0.30–1.41) 0.37 (0.13–1.04) 0.52 (0.24–1.15)
Marital status, married 0.95 (0.41–2.18) 0.95 (0.42–2.16) 0.91 (0.56–1.50)
Number of medical treatments

1 0.59 (0.29–1.20) 0.91 (0.42–1.96) 1.08 (0.59–1.96)
≥2 0.57 (0.28–1.17) 0.79 (0.36–1.76) 1.05 (0.58–1.92)

Self-rated health, good 0.31 (0.17–0.57) 0.37 (0.20–0.70) 0.50 (0.32–0.79)
Population density (ref: metropolitan)

Urban 1.02 (0.42–2.49) 0.79 (0.38–1.62) 1.33 (0.79–2.25)
Semi-urban 1.99 (0.92–4.33) 1.49 (0.72–3.08) 1.30 (0.74–2.28)
Rural 1.91 (0.69–5.33) 0.88 (0.36–2.16) 1.56 (0.74–3.29)

Duration from the baseline survey to death (days) 1.001 (1.001–1.002) 1.001 (1.000–1.002) 1.002 (1.001–1.003)
Persistently mild disability
Years of education, ≥10 years 0.94 (0.52–1.69) 1.02 (0.61–1.71) 1.86 (1.27–2.72)
Equivalised household income, ≥3 million yen 0.54 (0.22–1.30) 0.90 (0.44–1.84) 1.16 (0.75–1.80)
Employment status, currently working 0.60 (0.27–1.32) 1.11 (0.59–2.09) 0.51 (0.25–1.05)
Marital status, married 0.56 (0.29–1.10) 0.48 (0.26–0.88) 0.69 (0.45–1.06)
Number of medical treatments

1 3.08 (1.05–9.08) 0.94 (0.47–1.88) 1.10 (0.65–1.88)
≥2 2.40 (0.82–7.06) 0.88 (0.44–1.77) 1.27 (0.74–2.17)

Self-rated health, good 0.22 (0.12–0.40) 0.31 (0.19–0.51) 0.44 (0.30–0.65)
Population density (ref: metropolitan)

Urban 1.29 (0.54–3.07) 0.59 (0.32–1.09) 0.74 (0.46–1.19)
Semi-urban 2.02 (0.89–4.58) 1.54 (0.85–2.80) 1.04 (0.63–1.69)
Rural 2.49 (0.96–6.45) 0.33 (0.13–0.87) 1.55 (0.87–2.77)

Duration from the baseline survey to death (days) 1.001 (1.000–1.002) 1.001 (1.000–1.001) 1.001 (1.000–1.001)
Accelerated disability
Years of education, ≥10 years 0.65 (0.41–1.02) 1.03 (0.64–1.64) 1.04 (0.71–1.53)
Equivalised household income, ≥3 million yen 1.14 (0.65–1.99) 0.83 (0.42–1.67) 0.95 (0.60–1.51)
Employment status, currently working 0.72 (0.42–1.24) 0.65 (0.33–1.29) 0.89 (0.51–1.56)
Marital status, married 1.27 (0.67–2.40) 0.65 (0.37–1.15) 1.59 (0.97–2.59)
Number of medical treatments

1 1.29 (0.64–2.62) 1.09 (0.58–2.02) 0.85 (0.52–1.40)
≥2 1.51 (0.77–2.97) 0.61 (0.32–1.17) 0.85 (0.49–1.45)

Self-rated health, good 0.44 (0.27–0.70) 0.45 (0.28–0.72) 0.75 (0.49–1.14)
Population density (ref: metropolitan)

Urban 1.08 (0.61–1.91) 0.85 (0.48–1.51) 0.65 (0.41–1.03)
Semi-urban 0.71 (0.39–1.31) 1.12 (0.60–2.09) 0.92 (0.57–1.49)
Rural 1.90 (0.96–3.74) 1.14 (0.58–2.25) 0.86 (0.47–1.60)

Duration from the baseline survey to death (days) 1.000 (1.000–1.001) 1.000 (1.000–1.001) 1.000 (1.000–1.000)
Catastrophic disability
Years of education, ≥10 years 0.93 (0.66–1.29) 1.26 (0.83–1.91) 1.26 (0.89–1.79)
Equivalised household income, ≥3 million yen 1.09 (0.72–1.65) 1.17 (0.72–1.92) 0.92 (0.61–1.38)
Employment status, currently working 0.94 (0.64–1.37) 1.00 (0.60–1.67) 0.80 (0.48–1.34)
Marital status, married 1.20 (0.73–1.96) 0.86 (0.49–1.51) 0.97 (0.64–1.45)
Number of medical treatments

1 0.95 (0.60–1.53) 1.05 (0.57–1.92) 0.91 (0.57–1.43)
≥2 0.93 (0.58–1.50) 1.50 (0.84–2.67) 1.04 (0.66–1.64)

Self-rated health, good 0.62 (0.43–0.90) 0.73 (0.47–1.14) 0.76 (0.53–1.11)
Population densitya (ref: metropolitan)

Urban 0.78 (0.51–1.20) 0.65 (0.39–1.09) 0.84 (0.56–1.27)
Semi-urban 0.79 (0.52–1.21) 0.84 (0.48–1.47) 0.94 (0.60–1.47)
Rural 0.99 (0.57–1.70) 0.75 (0.40–1.42) 1.02 (0.58–1.78)

Duration from the baseline survey to death (days) 1.000 (1.000–1.001) 1.000 (1.000–1.001) 1.000 (1.000–1.001)

RRR, relative risk ratio. aMunicipality population density of inhabitable area was categorised as metropolitan (≥4,000 people/km2), urban (1,500–3,999
people/km2), semi-urban (1,000–1,499 people/km2) and rural (≤999 people/km2). Bold values (RRR and 95% CIs) reached statistical significance, <0.05.
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Table 3. Multinominal logistic regression analysis on the trajectory membership of functional disability in the age-at-death
subgroups in women.

Women (n = 1,855)

67–79 years
(n = 487)

80–84 years
(n = 443)

85 years
(n = 925)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Persistently severe disability RRR (95% CI) RRR (95% CI) RRR (95% CI)
Years of education, ≥10 years 0.94 (0.33–2.64) 1.97 (0.86–4.49) 0.62 (0.40–0.98)
Equivalised household income, ≥3 million yen 0.30 (0.04–2.18) 0.99 (0.36–2.71) 1.28 (0.71–2.33)
Employment status, currently working 0.31 (0.04–2.60) 0.74 (0.19–2.85) 0.50 (0.17–1.46)
Marital status, married 1.99 (0.63–6.25) 0.95 (0.46–1.95) 0.84 (0.51–1.37)
Number of medical treatments

1 0.90 (0.21–3.87) 1.42 (0.46–4.38) 1.13 (0.59–2.16)
≥2 1.12 (0.25–4.90) 0.67 (0.22–2.03) 0.71 (0.38–1.33)

Self-rated health, good 0.41 (0.15–1.09) 0.44 (0.20–0.97) 0.48 (0.31–0.76)
Population density (ref: metropolitan)
Urban 1.17 (0.30–4.55) 1.67 (0.64–4.31) 0.91 (0.56–1.50)
Semi-urban 1.85 (0.48–7.10) 2.05 (0.74–5.70) 1.05 (0.61–1.82)
Rural 5.44 (1.12–26.36) 1.02 (0.23–4.63) 0.69 (0.33–1.45)
Duration from the baseline survey to death (days) 1.002 (1.000–1.003) 1.001 (1.000–1.003) 1.001 (1.001–1.002)
Persistently mild disability
Years of education, ≥10 years 1.16 (0.57–2.35) 1.35 (0.71–2.55) 0.90 (0.58–1.38)
Equivalised household income, ≥3 million yen 1.06 (0.42–2.70) 1.08 (0.54–2.16) 1.29 (0.68–2.43)
Employment status, currently working 0.90 (0.33–2.47) 0.94 (0.37–2.40) 0.49 (0.18–1.32)
Marital status, married 0.69 (0.33–1.44) 0.82 (0.45–1.50) 0.90 (0.55–1.46)
Number of medical treatments

1 1.09 (0.37–3.21) 1.26 (0.52–3.03) 1.09 (0.60–1.96)
≥2 0.88 (0.32–2.42) 0.76 (0.33–1.78) 0.62 (0.34–1.13)

Self-rated health, good 0.14 (0.07–0.31) 0.41 (0.21–0.78) 0.52 (0.33–0.82)
Population density (ref: metropolitan)
Urban 0.83 (0.35–1.95) 1.37 (0.61–3.06) 1.08 (0.65–1.78)
Semi-urban 0.95 (0.40–2.26) 2.65 (1.18–5.96) 1.51 (0.87–2.62)
Rural 0.97 (0.28–3.35) 2.42 (0.86–6.81) 1.07 (0.54–2.12)
Duration from the baseline survey to death (days) 1.001 (1.000–1.002) 1.002 (1.001–1.002) 1.001 (1.000–1.002)
Accelerated disability
Years of education, ≥10 years 0.95 (0.44–2.08) 1.02 (0.53–1.94) 1.00 (0.62–1.60)
Equivalised household income, ≥3 million yen 1.04 (0.37–2.94) 1.23 (0.60–2.53) 1.89 (1.06–3.37)
Employment status, currently working 0.84 (0.27–2.58) 0.85 (0.32–2.26) 0.84 (0.34–2.12)
Marital status, married 0.82 (0.39–1.71) 0.94 (0.51–1.70) 1.04 (0.60–1.80)
Number of medical treatments

1 0.98 (0.30–3.23) 1.40 (0.51–3.80) 0.66 (0.34–1.29)
≥2 1.56 (0.51–4.85) 1.31 (0.50–3.44) 0.40 (0.21–0.76)

Self-rated health, good 0.33 (0.16–0.69) 0.50 (0.27–0.91) 0.55 (0.33–0.91)
Population density (ref: metropolitan)

Urban 0.53 (0.20–1.41) 0.76 (0.37–1.57) 0.91 (0.53–1.57)
Semi-urban 1.27 (0.54–2.99) 1.19 (0.55–2.57) 1.22 (0.67–2.23)
Rural 1.64 (0.54–5.04) 0.41 (0.13–1.30) 0.44 (0.19–1.01)

Duration from the baseline survey to death (days) 1.001 (1.000–1.002) 1.000 (1.000–1.001) 1.000 (1.000–1.001)
Catastrophic disability
Years of education, ≥10 years 1.10 (0.67–1.81) 1.23 (0.67–2.25) 0.81 (0.52–1.26)
Equivalised household income, ≥3 million yen 0.74 (0.39–1.43) 1.80 (0.92–3.54) 1.29 (0.74–2.24)
Employment status, currently working 0.83 (0.43–1.59) 0.85 (0.33–2.18) 1.04 (0.45–2.42)
Marital status, married 0.66 (0.40–1.07) 0.69 (0.38–1.27) 0.80 (0.47–1.35)
Number of medical treatments

1 0.73 (0.37–1.46) 1.37 (0.56–3.30) 1.36 (0.71–2.63)
≥2 0.78 (0.40–1.53) 1.01 (0.43–2.36) 1.08 (0.58–2.02)

Self-rated health, good 0.67 (0.38–1.18) 0.84 (0.44–1.62) 0.63 (0.40–0.98)
Population densitya (ref: metropolitan)

Urban 0.86 (0.47–1.60) 0.65 (0.32–1.32) 0.56 (0.34–0.91)
Semi-urban 1.07 (0.56–2.02) 0.73 (0.33–1.59) 0.79 (0.46–1.35)
Rural 1.75 (0.83–3.69) 0.71 (0.27–1.84) 0.39 (0.19–0.79)

Duration from the baseline survey to death (days) 1.000 (1.000–1.001) 1.001 (1.000–1.002) 1.000 (1.000–1.000)
aMunicipality population density of inhabitable area was categorised as metropolitan (≥4,000 people/km2), urban (1,500–3,999 people/km2), semi-urban (1,000–
1,499 people/km2) and rural (≤999 people/km2). Bold values (RRR and 95% CIs) reached statistical significance, <0.05.
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These five trajectories are similar to previous studies in
the United States [14, 15], indicating little cultural and
racial/ethnical differences in end-of-life trajectory patterns
among older adults. We also found that approximately half
of the decedents maintained high functional independence
before death (i.e. belonged to the ‘minimum disability’
group). This proportion is higher than that in previous
studies. For example, Gill et al. [14] reported that ∼17%
of older decedents in the United States belonged to the
‘no disability’ trajectory group. These findings from western
countries are based on data from the 1990s. Of late, older
adults have been found to show healthier trajectories of
functional ability [25, 26]; thus, it is possible that a cohort
effect might have influenced the present results. Another
reason for this result could be the method of assessing
functional disability. We used data from the certified care
levels of the Japanese LCTI system to assess functional
disability. In this system, the care level is changed only
when individuals or their family members apply for an
evaluation or when certification is renewed after its expiry
[18]. Therefore, the care levels of the present sample might
have been underestimated, leading to a high proportion of
people in the ‘minimum disability’ trajectory.

Poor self-rated health was inversely associated with
membership in the ‘minimum disability’ trajectory for both
men and women. Self-rated health is a culturally dependent
measure that reflects both functional and psychosocial status
and may improve with age [27, 28]; it has been found to be
a good predictor of mortality and morbidity among older
adults in both western and Asian countries [29–31]. The
present study indicates that even at the end of life, better per-
ception of one’s own health can predict individual functional
ability across all age groups after adjustment of actual disease
conditions and socio-economic factors. A possible explana-
tion is that self-rated health may represent an individual’s
comprehensive evaluation of their own health over objective
measures [29] or that self-rated health may reflect either
psychosocial resources that an individual possesses or health
behaviours that influence changes in functional ability
[32, 33].

Marital status was inversely associated with membership
in the ‘persistently mild disability’ trajectory, exclusively in
men; this association is consistent with previous research [34]
and a possible explanation is the marital resource model [35].
Marriage provides important resources, including social, psy-
chological and economic support, which may help sustain an
individual’s health and well-being. Especially, as older men
tend to have narrower social networks than women [36], the
proportion of resources provided by a spouse may be larger.
Another explanation involves the psychological mechanisms
after a spouse’s death. The majority of unmarried older men
in this study were widowed rather than single or divorced.
The loss of a spouse is one of the most stressful life events [37]
and may cause more psychological distress and exacerbate
functional disability, especially in men [38].

In addition, we found an association between low edu-
cational level and membership in the ‘minimum disability’

trajectory among men aged over 85 years at death. This is
paradoxical, but consistent with previous findings regarding
childhood SES and functional decline or mortality among
older Japanese people [39, 40]. This finding may represent a
survival bias—men who endured hardships in their early life
and survived tend to have less functional disability in old age
[41]; this includes people aged ≥85 at death during 2013–
16, who were aged ≥14 years at the end of the World War II
(1939–45). People in this cohort, who were of draft-eligible
age during the war, were more likely to be drafted (and to die)
if they belonged to families with a lower SES and more likely
to be subjected to harsher conditions after the war [42, 43].
Therefore, men with low educational levels who survived the
war until the age of 85 or above may have been very strong,
both physically and mentally.

We also found an age–gender effect in the additional
analysis, which suggests that although older adults enjoy a
longer life expectancy, functional disability towards end of
life becomes more severe with age; particularly, for those aged
≥85, it is more severe in women than in men. One reason for
this could be that women tend to live longer. As functional
disability increases with age in older populations [44] and
women had a higher average age in the old–old group com-
pared with men in this study, they needed relatively advanced
levels of care in the last 3 years of life. Moreover, potential
biological effects suggest that women are more susceptible to
diseases (e.g. arthritis, depression, dementia and falls) that
result in increased functional disability compared with men
[45, 46].

Our findings can contribute to the development of poli-
cies in Japan’s LTCI system. For example, by understanding
the pattern of trajectories, their proportions and determi-
nants by age group, we can predict the demand for end-of-
life and medical care, and the impact of interventions that
influence these determinants. The use of a statutory measure
of functional disability, the level of long-term care needs, as
in this study, emphasizes the significance for policy implica-
tions. Furthermore, we can evaluate end-of-life policies in
terms of effectiveness, efficiency and equity by describing
the cost estimates for each pattern and the percentage dis-
tribution of each pattern by subgroups, such as region and
SES. The findings can also contribute to improving end-
of-life care at the clinical level; for example, by predicting
future changes in physical functioning, health professionals
involved in care may be able to prepare the patient and their
family for the end of life.

A major strength of this study is that it focused on
end-of-life functional disability patterns among community-
dwelling older adults using a retrospective cohort design with
large panel data, a somewhat-neglected area of research, and
thus, contributed significantly to the literature. Additionally,
previous studies on this topic have been based in western
countries. Since social and cultural backgrounds may influ-
ence attitudes towards end of life [47], evidence from non-
western populations is needed. To our knowledge, this is
the first study to investigate end-of-life functional disability
trajectories in an Asian country.
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However, this study has some limitations. First, data on
long-term care levels were only obtained from individu-
als who applied for LTCI. Individuals who had functional
disability but did not use the public LTCI because they
had access to private nursing care or for other reasons are
considered independent in the analysis. Although Japanese
citizens aged ≥40 years are insured by the LTCI, we assumed
that some individuals did not apply for it despite needing
LTCI. Second, this study did not consider hospitalisation
data, since we did not merge medical records data with LTCI
data. Trajectory patterns that account for hospitalisation may
better reflect actual functional decline at end of life among
older adults [48]. Third, reverse causation remains possible
in the association between sociodemographic factors and
trajectory group membership. However, we confirmed that
the results are similar in the sensitivity analysis, by excluding
decedents who had reported being dependent in the baseline
survey, even if not certified for long-term care needs yet (data
are not shown in the table).

Conclusions

Using data from a nationwide study in Japan, we identi-
fied five distinct trajectories of functional disability among
community-dwelling older adults at the end of life. We
also found several factors associated with trajectory member-
ship; in particular, self-rated health was a strong predictor
of functional decline independent of demographic factors
and SES, regardless of age and gender. We also found a
paradoxical association between higher education and tra-
jectory group membership probabilities of more severe func-
tional decline in men aged ≥85 years at death, potentially
reflecting the effects of surviving the World War II. Our
findings can contribute to the development of new long-
term care policies, particularly for end-of-life care in Asian
countries.

Supplementary Data: Supplementary data mentioned in
the text are available to subscribers in Age and Ageing online.
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