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Abstract

Japan has experienced pronounced population aging, and now has the highest proportion of elderly
adults in the world. Yet few projections of Japan’s future demography go beyond estimating
population by age and sex to forecast the complex evolution of the health and functioning of the
future elderly. This study estimates a new state-transition microsimulation model — the Japanese
Future Elderly Model (FEM) — for Japan. We use the model to forecast disability and health for
Japan’s future elderly. Our simulation suggests that by 2040, over 27 percent of Japan’s elderly
will exhibit 3 or more limitations in IADLs and social functioning; almost one in 4 will experience
difficulties with 3 or more ADLSs; and approximately one in 5 will suffer limitations in cognitive or
intellectual functioning. Since the majority of the increase in disability arises from the aging of the
Japanese population, prevention efforts that reduce age-specific morbidity can help reduce the
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burden of disability but may have only a limited impact on reducing the overall prevalence of
disability among Japanese elderly. While both age and morbidity contribute to a predicted increase
in disability burden among elderly Japanese in the future, our simulation results suggest that the
impact of population aging exceeds the effect of age-specific morbidity on increasing disability in
Japan’s future.
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1. Introduction

Population aging is a worldwide phenomenon, yet across the globe there are wide
differences both in the rate of aging and the current age structure of societies (Kapteyn
2010). For some countries, the impact of a rapidly aging society can no longer be considered
a hypothetical scenario far off in the future (Schoeni and Ofstedal 2010), Japan, in particular,
has experienced pronounced population aging, with over 26.3% of the population aged 65
and overl, and now has the highest proportion of elderly adults in the world?. Yet few
projections of Japan’s future health needs go beyond estimating population by age and sex to
forecast the complex evolution of the health and functioning of the future elderly. In the last
two decades, methodological advances in population studies and simulations have made it
possible to estimate the needs of the future elderly, with implications for potential policy
response. The goal of this study is to develop a model that projects the health conditions,
disability and functional status of Japan’s elderly population. Such a model can support
evidence-based assessments of future demand for health care, long-term care, public
pensions, welfare and other government-supported programs, as well as labor force
participation.

Japan’s super-aging demographic trends present a series of policy challenges for which a
detailed model of competing risks for the future elderly would be useful (Ogawa, Mason et
al. 2007). Long-term care insurance program spending (Miyazawa, Moudoukoutas et al.
2000) and medical care spending (Dow, Philipson et al. 1999, Lee and Skinner 1999,
Gerdtham, Lundin et al. 2005, Bech, Christiansen et al. 2011) will be most directly
impacted. Our study may hold particular interest for Japan’s policymakers with respect to
planning for long-term care insurance. Since 2000, Japan has had a socialized long-term care
insurance program that is both public and universal. All elderly Japanese over 65, regardless
of means or the availability of a caregiver, are eligible for coverage based strictly on physical
and mental disability (Campbell and Ikegami 2000). Japan’s generous long-term care
insurance covers a substantial portion of need for disability care (Tamiya et al., 2011).
Benefits cover a range of long-term care services, from institutional care for those with the
most severe disabilities to at-home care services, community-based services, and “preventive
services” including outpatient rehabilitation care services for those who can otherwise live

1http://www.stat.go.jp/english/data/jinsui/tsuki/index.htm
2http://www.soumu.go.jp/johotsusimokei/whitepaper/ja/hZS/htmI/nchSllO.htmI. Japan overtook Italy and Germany to have the
highest proportion of elderly adults in 2008.
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independently (Shimizutani 2014). In 2005, Japan spent approximately US$ 1,751 per
person on long-term care, and 2008 figures reveal that 13.5% of all Japanese persons 65
years of age and older receive long-term care benefits, although 20% of those eligible chose
not to receive any benefits (Campbell, Ikegami et al. 2010). Rising disability, such as that
predicted by our simulation model, has tremendous implications for the sustainability of
Japan’s socialized long-term care insurance program (Tamiya et al., 2011).

Our work elucidates the challenges that Japan faces by projecting the health needs of its
future elderly. Most population projections for Japan have not modeled health status and
disability, but simply projected population by age and sex. A few recent studies have
attempted to go further (Fukawa 2007, Ogawa, Retherford et al. 2010, Shimizutani, Fujii et
al. 2014). For example, Shimizutani et al. (2014) recently used the Japan Study of Aging and
Retirement (JSTAR) data to estimate factors, including health, that affect the retirement
decisions of the middle-aged and elderly in Japan. They develop a simulation model for
enrollment into Japan’s disability program. While these studies represent an encouraging
trend, there is much to gain from a more flexible and powerful simulation model of
population aging in a country of Japan’s global economic importance that takes advantage of
high quality longitudinal datasets like JSTAR. (See, for instance, Hauser and Weir, 2010;
Yashin, Akushevich et al., 2013; and Zheng, 2014).

This paper extends the literature by developing a demographic and economic state-transition
micro-simulation model for Japan that enables analysis of the impact of demographic
change, aging, and population health on disability and care receiving. We estimate the model
using the recently released multiple waves of the JSTAR survey, the Japanese version of the
family of internationally comparable surveys that include the U.S. Health and Retirement
Study (HRS), the English Longitudinal Survey on Ageing (ELSA), and the Survey on
Health, Aging and Retirement in Europe (SHARE).

Our model is similar in structure to the American Future Elderly Model (Goldman et al.,
2005), but with Japan-specific disease prevalence and transition probabilities and additional
methodological innovations to compute Japan-specific conditional mortality rates. Our
adaptation of the American FEM to Japan using Japanese data and innovate methodology to
compensate for data limitations represents two of the most significant contributions of our
work, given that country-specific disease prevalence and transition probabilities require
customized data for each national FEM projection. Our strategy requires first estimating
disease transition probabilities for diseases prevalent among Japanese middle-aged and
elderly populations. We then estimate Japan-specific age-sex-specific mortality rates from
Japanese death certificate data. Next, we use these health and mortality transition functions
to construct a micro-simulation forecast of the health and age structure of Japan’s population
over the next decades. Finally, we estimate how disabled this future population is likely to be
given their health status. Our measure of disability, derived from the JSTAR survey, includes

3Types of preventive services include home-visit care, outpatient rehabilitation service, and short-term stay at a care facility. Types of

care services include in-home services such as home help service and day care, and facility services such as intensive care home, long-
term care health facilities, and sanatorium-type care facilities, and community-based services such as home-visit at night, day care for

dementia patients, and small-sized multifunctional in-home care (http://www.ipss.go.jp/s-info/e/ssj2014/PDF/ssj2014.pdf, p. 34)
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functional status measures like Activities of Daily Living (ADLS), Instrumental Activities of
Daily Living (IADLs), as well as additional measures of cognition and social functioning.

More parsimonious macro-focused models are available to forecast the future health needs
of the Japanese population, based on age structure alone. However, the great advantage of
the FEM framework is that it permits counterfactual analyses of health policy interventions
or future trends. For instance, we are able to simulate the impact of primary or secondary
prevention efforts on Japan’s future disability burden in a way that is not possible using
macro models.

We find that by 2040, over 27 percent of Japan’s elderly will exhibit 3 or more limitations in
IADLs and social functioning; almost one in 4 will experience difficulties with 3 or more
ADLs; and approximately one in 5 will suffer limitations in cognitive or intellectual
functioning. The majority of the increase in disability arises from the aging of the Japanese
population. Therefore, the economic impact of prevention efforts that reduce the underlying
comorbid conditions associated with disability may be limited.

The remainder of this paper is organized as follows. Section 2 describes Japan’s
demographic and institutional background. Section 3 describes the data and the
methodology for adapting the FEM to Japan. Section 4 presents the empirical results
regarding disability of Japan’s future elderly. The final section discusses policy implications.
A technical appendix describes in greater detail the operationalization of the future elderly
model in the Japanese context.

2. Background

The Japanese populace is well educated, with 34.7% of the population ultimately attaining a
college education.? The size of Japan’s working population in 2010 was 59.4% of the total
population—roughly 65 million workers, which is similar to the labor force participation
rate in the United States (Index Mundi 2011). However, as a result of longevity increase and
fertility decline, Japan is experiencing dramatic population aging. Like most high-income
countries, Japan has nearly zero population growth, with a total fertility rate well below
replacement.

Since 1960, Japan has achieved the highest gains in life expectancy at age 65 among all
OECD countries, with an increase of almost ten years for women and over seven years for
men (OECD 2013). Life expectancies at age 65 (11.4 for women, 8.4 for men) and at age 80
are the highest in the world except for France (OECD 2013). Nearly 40% of the population
will be aged over 65 years by 2050, and the proportion of the population aged over 80 is
expected to nearly triple between 2010 and 2050 (rising from 6% to 16% (OECD 2013)).

Alongside mortality declines, Japan has experienced changes in morbidity, suggesting the
need for models such as the FEM to forecast the future health of the elderly. The rate of
obesity in Japan (4%) is lower than nearly all other high-income countries—with obesity in
the US almost ten-fold the low rates of Japan. While hypertension prevalence remains high

4http://Www.e—stat.go.jp/SGl/estat/ListE.do?bid:OOOOO1053739&cycode:O
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in Japan, rates have been declining since the 1980s. Japan has among the lowest death rates
from ischemic heart disease (IHD) in the OECD (OECD 2013). By contrast, cancer
incidence and mortality have increased, likely due to Japan’s aging population.5 Cancer is
the leading cause of death in Japan (similar to Canada, Denmark, France, and the
Netherlands). While rates of stomach cancer are higher than in the West and the incidence of
once rare colorectal cancer is increasing, lung cancer has emerged as the main cause of death
among patients with cancer (OECD 2013). Given the smoking rates among men, cancer
mortality rates among men are not surprisingly more than twice those for women.

The confluence of low fertility, longevity, and reduced morbidity and mortality from many
diseases (except for cancer) has resulted in a dramatic aging in Japan’s population. In
addition, projections predict that the population will shrink to 87 million by 2060, with
nearly 40 percent over the age of 65. In light of these demographic trends, Japan represents a
“super-aging society” even among aging OECD countries.® In the US, the Old Age
Dependency Ratio (OADR, ratio of population age 65 and above to age 20 to 64) is
projected to rise from 22% in 2010 to 39% in 2050 (Lee 2014). In Japan, the OADR was
already 39% in 2012 and is projected to reach more than 70% by 2050 (OECD 2007).

While the sharp rise in the old age dependency ratio has been offset somewhat by the high
labor force participation among the Japanese elderly compared to many other OECD
countries, it remains questionable whether Japan can escape from the huge burden of social
security and health expenditures (Ichimura, Shimizutani et al. 2009). For example, the
poverty rate—defined as the proportion of individuals with equalized disposable income less
than 50% of the median income—is higher in Japan (21.1%), and disproportionately among
the elderly7, compared to most European countries (Ichimura, Shimizutani et al. 2009).

The rapid aging of the Japanese population poses a significant challenge to the government
to maintain the financial viability of its health and long-term care system. Among all OECD
countries, Japan allocates the greatest share of hospital expenditures to people aged 65 and
over (64%), associated with the fact that it also has the highest share of people in that age
group (23%; (OECD 2013)). Only in Israel and Japan (among OECD countries) has health
spending growth as a percent of GDP accelerated rather than declined since the financial
crisis of 2009 (OECD 2013), and both a stagnant GDP and population aging are important
reasons.

The changing mortality and morbidity pattern in Japan increasingly strains Japan’s health
and long-term care systems in ways that contrast with many other OECD countries. For
example, Japan and Korea have the longest hospital stays, at more than double the OECD

SCrude mortality is increasing in Japan, while age-adjusted mortality has been relatively constant or decreasing since the late1990s,
suggesting that population aging is the main driver of increased number of cancer deaths. http://ganjoho.jp/data/professional/statistics/
packnumber/2013/fig14.pdf

6The 2015 World Population Prospects reports that globally Japan has the highest median age (46.5 in 2015 [Table S.7, p.32]) and the
lowest Potential Support Ratio (PSR) -- the number of people aged 20 to 64 divided by the number of people aged 65 and over (p.7,
http://esa.un.org/unpd/wpp/publications/files/key_findings_wpp_2015.pdf). In addition, the 2015 World Population Prospects Key
Findings and Advance Tables document compiled by the United Nations Department of Economic and Social Affairs, Table S.5.
Countries Whose Population Is Projected to Decrease Between 2015 and 2020, shows that Japan is ranked 11th, behind only one other
OECD country, Hungary, which is ranked 1oth (http://www.oecd.org/about/membersandpartners/list-oecd-member-countries.htm).
http://esa.un.org/unpd/wpp/publications/files/key_findings_wpp_2015.pdf.
7http://www.gender.go.jp/kaigi/senmon/kansieikyo/siryo/ka39—2—3—l.pdf
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average of 8.0 days in 2011. A salient reason is that many acute care hospitals provide a
significant share of long-term care services (“social admissions™) and serve the functions of
skilled nursing facilities in a country like the United States. For example, Japan has the
highest expenditure per discharge for cancer among OECD countries, probably because of
its much longer lengths of stay (OECD 2013). Japan also has, by far, the highest number of
MRI and CT scanners per capita. Largely because of a 2010 change in OECD accounting
rules that now includes long-term care expenditures in total health expenditures, Japan’s
ratio of health spending to GDP now exceeds the OECD average, revealing the true extent of
Japan’s total financial burden from its aging population.

Our data derives from the Japanese Study of Aging and Retirement (JSTAR), one of Japan’s
first longitudinal datasets on middle-aged and elderly Japanese specifically designed for
cross-national scientific investigation of aging and retirement. Two waves of interviews in
2007 and 2009 surveyed 3,862 respondents between 47 and 77 in five Japanese cities
(Adachi, Kanazawa, Shirakawa, Sendai and Takikawa) on a variety of economic, social, and
health conditions. The survey includes over 1,400 questions designed to mirror and ensure
comparability with other surveys conducted internationally, such as the Health and
Retirement Survey (HRS) in the United States, the Survey of Health, Aging and Retirement
in Europe (SHARE), and the English Longitudinal Study of Aging (ELSA) in the United
Kingdom. JSTAR is modeled after the US Health and Retirement Survey, and is thus
comparable to that high quality panel data set on the elderly (Ichimura, Shimizutani et al.
2009). Only a subset of these data (90%) is released for research use. The response rate in
the second wave among the respondents from the first wave is about 80% (i.e., an attrition
rate of about 20%), with some variation across municipalities (Shimizutani, Fujii et al.
2014).

While only focused on a few municipalities and thus not nationally representative, JSTAR
researchers argue that the focus on variations in a large number of individuals in selected
municipalities controls for cultural, historical, and policy environment and thus constitutes
“a unique approach to examining a variety of topics on aging and retirement and contributes
to rethinking a way of sampling survey data” (Ichimura, Shimizutani et al. 2009). The
JSTAR team is currently developing sample weights for the JSTAR survey, and in future
extensions of our model, we hope to incorporate these weights so that our study results
better reflect the Japanese population as a whole. For the current manuscript, we have
weighted our sample by age and sex in order to reflect the 50- to 79-year-old population in
Japan in 2007 (See Appendix Table 1 for the sample weights). Please see Appendix 2 for a
more complete discussion of the strengths and weaknesses of the JSTAR data.

In addition to the prevalence of health conditions, JSTAR also includes detailed self-reported
information on physical or mental limitations in performing Activities of Daily Living
(ADLs) and Instrumental Activities of Daily Living (IADLSs). Furthermore, JSTAR also asks
respondents detailed questions on measures of social and intellectual engagement, as well as
caregiving and care receiving, both formally at skilled nursing facilities or informally
through friends and family members.

J Econ Ageing. Author manuscript; available in PMC 2017 December 01.
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Because JSTAR includes respondents only up to the age of 77, we construct a simulated
population of 80- to 100-year-olds (“oldest old™) for 2010 by aging our current population
into the future. That is, current 60- to 77-year-old Japanese in JSTAR are aged 20 years
using our state-transition microsimulation model, and added to our 50- to 77-year-olds in
2010 to have a cohort of Japanese individuals from 50 to 100 in the first year of our cohort.
To ascertain that our simulated “oldest-old” population is realistic, we compare our
simulated oldest old cohort from JSTAR with actual 80-100-year old Japanese individuals in
the Nihon University Japanese Longitudinal Study of Aging (NUJLSOA), with 1,921
respondents over age 80. NUJLSOA also includes detailed information on ADLs and
IADLs, but has only 14 of the 19 health conditions available in JSTAR.

The NUJLSOA is a nationally representative longitudinal survey of individuals aged 65 and
over in Japan. We use two waves of the data, the first wave of which was collected in
November 1999, the second, in November 2001. NUJLSOA had a more limited focus than
JSTAR, and was designed primarily to study changes in the health status of the Japanese
elderly over time. In addition, NUJLSOA also investigated the association between long-
term care insurance and healthcare utilization as well as the relationship between co-
residence and the use of long-term care. While the emphasis of the data is on health and
healthcare utilization, several other topics related to aging, such as intergenerational transfer,
living arrangements, caregiving, and labor force participation, are included in the survey
data.

We chose the following sample selection criteria for our primary data set, JSSTAR.
Individuals must be at least 45 years old. This yielded 3,862 respondents with a total of
7,724 interview years. We then dropped observations of individuals with a missing value for
any of our health measures of interest. Following this selection criterion, we arrived at the
final estimation sample consisting of 2,526 individuals for 2007, 2,659 for 2009, and 1,854
individuals and 3,708 interview years for the pooled JSTAR data. For the 80+ cohort in the
NUJLSOA data, the same exclusion criteria led to a total of 1,921 survey respondents and
3,842 respondent-years. Most missing data occurred for self-reported health states. The
summary statistics for the JSTAR study sample in 2007 are presented in Appendix Table 1.

4. Methods

The Future Elderly Model (FEM) is a demographic and economic simulation model
designed to predict the future health status of the elderly and explore what current trends or
future shifts imply for policy (Goldman et al., 2005). The FEM is a state-transition
microsimulation model that permits direct modeling of competing mortality risks. It also
permits counterfactual analyses of hypothetical scenarios, such as the implications of a
smoke-free or obesity-free population on health and mortality, by replacing the model
parameters with alternative values and rerunning the simulation. We present an abridged
discussion of the FEM below, and include only our main policy-relevant simulation results
from the state-transition model in the main text. A detailed description of the evaluation and
construction of the FEM is provided in the Technical Appendix.

J Econ Ageing. Author manuscript; available in PMC 2017 December 01.
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4.1 Health Transition Model

This section describes the steps we took to estimate individual health transition models for
the Japan FEM. The JSTAR and NUJLSOA data provide self-reported health status
measures. With JSTR, we use logit regressions to estimate the probability of transitioning to
each of 19 health conditions in 2009 based on the presence of those same health conditions
in 2007 and controlling for demographic and comorbid conditions in 2007.

Because these health states are measured by responses to questions that are prefaced by
“Have you ever been told by a doctor ....”, we treat all health status states as absorbing. In
sensitivity analyses, we estimated the likelihood of transitioning out of the disease states but
found little evidence of recovery for the listed medical conditions in our sample (that is, very
few people who reported a health condition in 2007 reported not having that same condition
in 2009). As a result, we only model transitions into these states (without allowing for cure)

_Pijtee N\ g o
in the following logit functional form: n{7= pi,j7t+2> =Pty Xige it where Pijt+2

is the probability of having the /th condition for individual /at time #+2(2009) conditional
on not having the /-th condition at time # and X;jjt are demographic characteristics (age, and
where appropriate, an indicator for BMI = 23.5, and an indicator for heavy smoking, defined
as = 20 cigarettes per day) and co-morbidities for individual 7in time #(2007) that affect the
onset of condition j.

The probabilities of the onset of the various conditions are assumed to be linear in the
covariates. Age and male gender enter into all transition models, but the other covariates
enter into the regression only if the two medical doctors on our author list agreed that they
are likely causative factors in the onset of the specific disease model in question. Given the
low prevalence of obesity in Japan, we choose a BMI value of 23.5 as our measure of excess
body weight. For smoking, because of the high number of smokers among Japanese males,
we set the indicator variable for smoker if the respondent answers smoking 20 or more
cigarettes per day in 2007. Sensitivity analyses suggest that our results would be
qualitatively similar if we had chosen different cut-offs.

The unit of observation is the interview-pair. All independent variables are measured with a
two-year lag, and represent the respondent’s characteristics as of 2007. Transition
probabilities are estimated only using individuals who did not suffer from a specific
condition at baseline. As a result, the sample sizes for various health status transition
regressions vary. For example, consider a respondent who was interviewed in 2007 without
cancer but with a heart condition. In 2009, he is diagnosed with cancer. This person’s
baseline condition included “heart disease,” so given our assumption that health conditions
are absorbing, he does not contribute to the heart disease transition model in any way. On the
other hand, he contributes one observation to the cancer transition model. Because JSTAR
had only two time points during construction of the health state-transition matrix, we ignore
clustering standard errors at the individual level because any given person will contribute at
most one observation to a specific disease model.

J Econ Ageing. Author manuscript; available in PMC 2017 December 01.
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We generate sample weights by sex and age in five-year increments (50-54, 55-59, ..., 75—
79) by dividing the number of the Japanese population in each age group-sex category by the
number of the JSTAR population in the same category, and normalizing the weights such
that they sum to one across the JSTAR age group-sex categories. We use these weights as
probability weights in our logit regressions so that the age-sex mix of our results reflects that
Japanese population.

4.2 Disability Models

We use our model to simulate how the probability of functional limitations and cognitive
disability will change given population aging. JSTAR data assesses survey participants for
the presence of activities of daily living limitations (ADLS) and instrumental activities of
daily living (IADLS). The former measures an individual’s ability to perform basic tasks like
bathing oneself or feeding oneself; the latter measures an individual’s social roles and
engaging in higher-level activities, such as managing finances and shopping for groceries.

Measures of ADLs in the JSTAR survey data follow closely the standard definition used in
the HRS family of surveys. JSTAR includes questions on whether respondents are able to
dress themselves, walk around in their room, bathe, eat, get in and out of bed, and use
Western-style toilets. We use the number of ADLs performed with difficulty as the outcome
variable of interest, defined as 0, 1, 2, and 3 or more. Measures of IADLS are captured by
seven questions that ask whether respondents are able to take public transportation alone,
shop for daily necessities, prepare daily meals, pay bills, handle their own banking, make
telephone calls and take medications. Again, we use 0, 1, 2, and 3 or more IADLs performed
with difficulty as the outcome variable.

Four additional questions each pertain to the survey respondents’ social interactions (visiting
friends, being called on for advice, visiting sick friends, and initiating conversations with
younger individuals) and intellectual activities (filling out pension forms, reading the
newspaper, reading books or magazines, and taking interest in the news). For these two
measures of social function as well, we use four categories for the outcome variable, i.e.,
having difficulty with 0, 1, 2, or 3+ functions. Finally, we code as dichotomous variables
whether respondents received any type of help, any help for physical care, and any help for
household chores from friends or family members.

We project future disability status (number of ADLs, IADLs, social/intellectual tasks
performed with difficulty, and the receipt of assistance from friends/family) using ordered
logit regressions for all specifications with 0, 1, 2, and 3+ as the outcome variable, and logit
regression for all specifications with dichotomous outcome variables. The explanatory
variables are the full set of covariates as described in the health transition model, including
age, gender, weight, smoking status, and a vector of the 19 defined health conditions.
Because we pool 2007 and 2009 data, each respondent potentially contributes up to two
observations, and we cluster our standard errors at the individual level. These outcome
models were used to predict the distribution of Japan’s future population with ADLSs,
IADLs, and receiving assistance through 2040, based on the FEM model projections of
health conditions by age and sex among survivors.
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4.3 Disease-Specific Mortality Rates

5. Results

To complete the FEM simulation model, we also need to estimate disease-specific mortality
rates by age and sex for the Japanese population. The Japanese vital statistics data provide
detailed information on the leading cause of mortality by age and sex. However, there is
limited information the health conditions that the individual had at the time of death: only
the leading cause of death is reported. The difficulty is that the proximate cause of death
listed on the death certificate often represents the end stage of a complex disease process.
For instance, a patient with diabetes is more likely to suffer from a heart attack, leading to
congestive heart failure which predisposes a patient to fluid build up in the lungs and
pneumonia. If that patient dies with pneumonia, doctors will typically list that as the cause
of death, even though the patient’s diabetes and heart disease played key roles.

Using JSTAR and these mortality data, we developed an algorithm to compute condition-
specific mortality rates for each of the 19 conditions, as described in more detail in the
Technical Appendix. In brief, we used the iterative proportional fitting (IPF) algorithm to
calculate the conditional mortality rates from JSTAR and the Japanese vital statistics data
(Statistics Bureau). Intuitively, the algorithm reduces the conditional probability of death
from a disease condition if it is very often seen in the death certificate data, but less often
seen in the JSTAR disease prevalence. To calculate the conditional mortality rates, we
assume conditional independence of the disease-specific mortalities. In other words, the
probability that any given disease is the cause of death does not depend on the other
comorbidities that an individual has. Appendix Table 3 illustrates the setup for the IPF
algorithm. The algorithm generates a ranking of conditional mortality rates that corresponds
to the ranking independently derived by our physician coauthors before our statistical
calculations.

5.1 Model Calibration Results

Since our primary goal is to project Japan’s future elderly health, disability, and need for
care, we report all of our state-transition probability matrices (Appendix Table 4) and
estimated condition-specific mortality rates (Appendix Figure 2) in the Technical Appendix.
Overall, our specifications produced plausible results, particularly for ages up to 77 (the
oldest respondents in the JSTAR dataset in 2007). For example, our transition matrix
predicts that greater age, male gender, BMI greater than 23.5, as well as having heart
disease, hyperlipidemia, cerebrovascular disease, and liver disease in 2007 are all positively
associated with the probability of developing hypertension by 2009. Likewise, having a joint
disorder, a broken hip, mental health issues, or dementia are associated with the greatest
probabilities of having difficulties in both ADLs and IADLs. We supplement our censored
JSTAR data (truncated at 77) using a simulated cohort in order to include “respondents”
aged 80 to 100. The disability transition matrices are presented in Appendix Table 5.

Our conditional mortality estimates show that cancer is linked to the highest annual
mortality rates for both men and women, followed by cerebrovascular disease/stroke and
heart disease. “Other” diseases, osteoporosis, and eye disease had the lowest annual
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mortality rates. In addition, the predicted disease-specific mortality rates closely followed
the rates observed in the vital statistics.

We also include in the Technical Appendix predictions of Japan’s future disease prevalence
from our health transition models.

5.2 Population Simulation Model Results

Putting all the pieces together, the Japan FEM can estimate the health status and functioning
of Japan’s 50+ population into the future. Figure 1 shows the simulated population pyramids
for Japanese age 50 and older from 2014 through 2040. We see significant population aging
within the over-50 population, combined with overall population decline: a pyramid with a
large “base” of 50- and 60-year olds in 2014, and clearly showing the large post-war baby
boom, evolves into a more rectangular shape by 2040, with a smaller base, an echo of the
baby boom, and larger proportion of oldest-old, especially among women. Figure 2
compares the FEM estimated population to official Japanese governmental projections from
the National Institute of Population and Social Security Research (IPSS 2012). Overall, the
model matches the official projections quite well.

Our projections portend rising disability among the elderly in Japan. Using our 4 measures
of disability, we project how the population with 3 or more disabilities will evolve over the
2014-2040 period. As shown in Figure 3, the prevalence of difficulty with 3 or more ADLS
increases sharply with age, with only moderate changes in the age pattern of disability by
simulation year. Similar patterns arise for IADLs (Figure 4) as well as for cognitive/
intellectual disabilities and social functioning disabilities (not shown). Therefore, the
prevalence of disabilities among the future elderly (Figure 5a) is largely driven by the
evolution of the age structure among the 50+ population towards a greater proportion of
oldest-old with a larger share of disability, although holding the age distribution constant at
the 2010 age distribution reveals that a modest future increase in disability at given age
(Figure 5b).

Additional counterfactual simulations further highlight the effect of aging on Japan’s future
disability burden, and the limited role that primary prevention plays in reducing this burden.
By primary prevention, we mean efforts to reduce the probability of transitioning into a
disease state from one period to the next. This goal may be achieved, for example, by new
medical technology or pharmacological therapeutics that lower the onset of dementia, or by
measures to prevent falls and accidents. In Figures 6a and 6b, we show the impact of
primary prevention efforts on the prevalence of having difficulty in three or more ADLSs,
respectively unadjusted and adjusted for age and sex. In Figure 6a, the baseline case
represents future disability burden if the probabilities of transitioning into our 19 mutually
exclusive comorbid conditions remain unchanged. The lines other than the base case
scenario represent what would happen to Japan’s future disability burden if we halved the
probability of disease transition respectively for broken hip, mental health disorder,
dementia, or all three of the medical conditions.

Unsurprisingly, halving the transition probabilities of all three disability-associated
comorbid conditions has a greater effect on reducing Japan’s future prevalence of disability
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than reducing the incidence any single one of these three medical conditions. However, if we
were to focus on primary prevention on a single medical condition, the figure shows that
halving the onset of dementia would have a greater effect of reducing disability burden than
reducing the probability of either hip fractures or other mental health disorders alone.

As Figure 6b demonstrates, however, the potential effect on disability of primary prevention
pales in comparison with the effect of aging. In every scenario, simply holding Japan’s age
and sex structure constant at 2010 levels predicts a much lower future disability burden. The
prevalence of having difficulty with three or more ADLs would increase over 5% to
approximately 13% by 2040 without any primary prevention (solid line, Figure 6b) if
Japan’s 2040 age and sex structure remains the same as in 2010. By contrast, in the presence
of population aging, the prevalence of difficulty with three or more ADLs would increase
approximately 12% to approximately 20% by 2040 (solid line with circle, Figure 6a) even if
medical technology or public health measures reduce the probability of having hip fracture,
mental health disorder, and dementia by half.

In Figures 7a and 7b, we present, respectively, the unadjusted and adjusted simulated future
disability burden in Japan if secondary prevention measures reduce the probability of
disability by 50% given the presence of disease. In other words, instead of preventing the
onset of disease, we focus on policies or technologies such as robotic assistance for the
elderly with a fractured hip that weaken the association between disease and disability. As
the figures show, again the effect of aging overwhelms the potential disability reduction
achievable through secondary prevention. In fact, both primary and secondary measures that
respectively reduce by 50% the probability of disease onset and the probability of disability
given a disease yield similar results. However, secondary prevention reduces the prevalence
of disability burden slightly more than primary prevention. Secondary prevention measures
also take immediate effect (shown by the immediate separation of the lines in Figures 7a and
7b), whereas primary prevention requires a time lag for a reduction in future disease onset
(demonstrated by the gradual separation of the lines in Figures 6a and 6b).

6. Discussion and Conclusion

Our FEM simulation suggests that by 2040, over 27 percent of Japan’s elderly will exhibit 3
or more limitations in IADLs and social functioning; almost one in 4 will experience
difficulties with 3 or more ADLs; and approximately one in 5 will suffer limitations in
cognitive or intellectual functioning. These projections suggest a disturbingly high future
burden of disability in Japan. Since the majority of the increase in disability arises from a
shift to a more elderly population, prevention efforts that reduce the underlying
comorbidities may have only a limited impact on reducing the overall prevalence of
disability among Japanese elderly.

Our simulations show a modest increase in disability burden in the future even when we
hold Japan’s future population age and sex structure at 2010 levels. This result contrasts with
findings from other FEM models, and particularly the U.S. model, which predict that
disability rates will remain flat after adjusting for age and sex. Our results are likely driven
by an increasing prevalence of disability-associated morbidities in Japan’s future population,

J Econ Ageing. Author manuscript; available in PMC 2017 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Chenetal.

Page 13

a possible scenario given a trend toward greater survival with multiple comorbidities. (See
Appendix Figure 9). In fact, our simulations show that disability associated morbidities (e.g.,
joint, broken hip, osteoporosis, mental health & dementia) are increasing, a projection which
is in line with greater survival with increased morbidity (See Appendix Figure 11).

There are at least two potential factors that could moderate the projected increases in age-
specific morbidities and disability that we project: first, given secular increases in
educational attainment in Japan, future cohorts of Japanese age 50 and older will have
higher average educational attainment than the current elderly population, suggesting they
may be healthier at a given age than is captured in our projections. Second, if there are any
secular trends leading the compression of morbidity among incoming cohorts of 50-year
olds (such as fewer smokers or lower mortality risk for a given vector of co-morbidities
because of healthier conditions in childhood), then the future age- and sex- specific
prevalence of morbidities may be over-estimated.

Caution is warranted in comparing these Japanese projected disability rates to those for other
countries, since measuring disability comparably across countries is difficult even for
international surveys explicitly crafted for comparability like JISTAR, HRS, SHARE, and
ELSA. Differential item response analyses suggest that summary indexes (counts of ADL
and IADL limitations) likely underestimate mean percentage of population with disability in
these international populations (Chan, Kasper et al. 2012). Nevertheless, comparisons can be
useful for framing the policy debates and understanding the challenges Japan faces as a
super-aging society, including the sustainability of Japan’s social programs supporting the
elderly, from disability and pensions to health insurance and long-term care insurance.

In the first wave of JSTAR, about 1.3% of the sample (aged 47-77) answered that they were
receiving a disability pension at the time of the interview; in the second wave, that number
was 1.2% (aged 5278 (Shimizutani, Fujii et al. 2014)). As shown by Coile, Milligan, and
Wise (2014), the share of the population receiving disability benefits at older ages varies
substantially across countries (likely due to different eligibility criteria), and is among the
lowest in Japan. Their international collaborative research project also demonstrates that
international comparisons of disability status are feasible, although Japan’s measures from
the JSTAR should be interpreted with caution. Analysis of a health index developed by
Poterba, Venti, and Wise (1996) — the first principal component of 25 indicators that are
common to the HRS and to all of the SHARE countries, with overlap in the JSTAR -
revealed that the weights across countries were strikingly consistent among all the countries,
except for Japan. Nevertheless, in general, the correlations between Japan and the other
countries are between 0.88 and 0.93 (Coile, Milligan et al. 2014), suggesting comparability
if interpreted with appropriate caution.

According to the National Research Council report “Aging and the Macroeconomy: Long-
Term Implications of an Older Population” (Institute of Medicine (US) Committee on the
Long-Run Macroeconomic Effects of the Aging US Population 2012), compression of
morbidity suggests that older individuals will be active longer. Indeed, self-reported health
of 60-year-old men in the 1970s was about the same as for 69-year-olds in the 2000s (NRC
2012:90). The expert committee developed projections of labor supply through 2050,
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concluding that there would be “very little change in the proportion of the population age
20-74 that could hypothetically supply labor between 2010 and 2050. Individual decisions
and public policies may lead to a flat age at retirement in coming decades, but this will not
be dictated by health and biology” (Lee 2014). It is far less clear that such a sanguine
forecast could be made for Japan, given the projections of health and disability. For example,
(Hashimoto, Kawado et al. 2010) estimate that between 1995 and 2004, duration of life with
a light or moderate disability increased for both men and women in Japan. Our simulation
suggests a substantial further increase as the proportion of the oldest old continues to
increase in Japan.

The development of a Future Elderly Model (FEM) for Japan contributes to the literature in
a variety of ways. First, such a model has never been estimated for Japan, even though
Japan’s population aging is far more significant than for the US and most other OECD
countries. Second, arguably the need for such a model is especially great for Japan since its
health system already features many components—such as universal coverage with strict
payment regulation—that limit the ability to further reduce spending growth associated with
population aging. The model provides a foundation for future simulations of policies to
improve the fiscal sustainability of Japan’s health care programs in light of its super-aging
population. The FEM can also generate projections of how a wide range of health policies,
programs, technologies, and services will influence the morbidity, mortality, health
spending, long term care use, retirement, labor supply, and earnings of older populations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Projected population pyramid for Japanese 50+ population, 2014-2040
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Figure 6.
a and b. Simulated Population Prevalence of Having Three or More Disabilities Given

Primary Prevention Measures That Halve the Incidence of Hip Fracture, Mental Disorder,
Dementia, or All Three Conditions, Unadjusted (6a) and Adjusted (6b) for Age and Sex
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Figure 7.
a and b. Simulated Population Prevalence of Having Three or More Disabilities Given

Secondary Prevention Measures That Halve the Probability of Disability in the Presence of
Hip Fracture, Mental Disorder, Dementia, or All Three Conditions, Unadjusted (7a) and
Adjusted (7b) for Age and Sex
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