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ABSTRACT

The aging of the population is increasing worldwide due to increasing longevity
and declining birth rates. Japan leads the world in the pace of aging, with currently over
1 in 5 individuals aged 65 years and over. On the positive side, Japan has ranked first in
terms of life expectancy at birth, especially for females. On the negative side, significant
aging of the population has increased the number of older people who are bedridden,
have dementia, or are in need of long-term care (LTC) or support for daily living. Thus,
whether longer life expectancy is accompanied by better health measures within aging
populations is becoming a great concern. Shifting the previous narrow focus on length
of life, in recent years, healthy life expectancy (HALE) has been increasingly used to
measure an individual’s health status according to a series of indicators, such as
self-rated health (SRH), disability, and disease consequences. The primary purpose of
this dissertation is to investigate Japanese HALE and to analyze the consequences of
physical disability and comorbidity on HALE at the individual level in the elderly.

Data from Western nations show a well-established inverse gradient between
socioeconomic status (SES) and mortality or morbidity. Because the use of SES and
health indicators may depend on social context, whether health-related SES variables
would diminish, persist, or grow with age is disputed. Although Japan has been long
heralded as an egalitarian and largely middle-class society, the trend towards greater
socioeconomic equality in terms of health has been less obvious since the 1990s. This
trend has coincided with a gradually increasing income inequality. Thus, the second
purpose of this dissertation is to examine the SES’s impact on HALE in the Japanese

elderly, with a special emphasis on direct and indirect effects interacting with gender,



age, and location factors. A series of models estimating the structural causal
relationships between individual SES, physical health, and HALE among the Japanese
elderly will be validated.

In the LTC field, there is a consensus that disability among the elderly is the
primary factor driving the demand for LTC services, leading to the Long-term Care
Insurance Law introduced by the Japanese government in April 2000. The third purpose
of this dissertation is to explore the structural causal relationships between SES, LTC
needs, physical health and HALE in elderly individuals, which would have implications
for LTC management in the Japanese elderly. Results from the dissertation may also
construct lessons for the evaluation of the nation’s health and the impact of health
policies for other countries as well.

My doctoral dissertation is organized as follows. Chapter 1 provides an
introduction to five key concepts in the development of this dissertation: population
aging, HALE, SES, physical health and LTC. Furthermore, | discuss the existing
theories about population health status changes and theoretical hypotheses about SES
effects on HALE due to the aging of the population. Using findings from the literature,
an international comparison, the trend over time, as well as gender and age differences
will be presented. Subsequently, I will address the rationale, objectives, methods, and
hypothetical model of the dissertation.

Chapter 2 presents an empirical study on “Prefectural mortality in relation to
socioeconomic status and long-term care in Japan.” Prefectures in Japan were used as
units of analysis and 7 indicators were obtained from multiple data sources, which were
published by government organizations and public institutions for years centering on

1995, 2000, and 2005. Based on the correlation and linear regression analyses, factors



that explain the mortality, LTC and SES variation demonstrated that prefectures with
higher socioeconomic level and lower LTC application rates had lower mortality of
male and elderly people in Japan. With respect to gender differences, prefectural SES
and LTC displayed significant associations with mortality for men but not for women.

Chapter 3 presents a study on “Healthy life expectancy in relation to
socioeconomic status and physical health among Japanese elderly.” A questionnaire
survey was conducted with all residents aged 60 years and older in 16 municipalities of
Japan where we could obtain the help of public health centers in 1998. Participants were
followed until June, 2000. In all, 15,254 individuals were analyzed. Data analysis was
performed by survival analysis and structural equation modeling (SEM) using SPSS
19.0 and AMOS 17.0 for Windows. The data indicated that SES was the determinant of
HALE; lower SES of the elderly was associated with an increase in mortality directly
and with a decrease in SRH indirectly via physical health status. The significant
distribution of SES, physical health and HALE were found by gender, age and location
among the elderly people in 16 municipalities of Japan.

Chapter 4 is a study on “Healthy life expectancy in relation to socioeconomic
status, physical health and long-term care among Japanese elderly,” and aims to
elucidate the effects of SES, physical disability, comorbidity, and LTC on HALE among
the suburban elderly in Japan. A questionnaire survey was conducted among all
residents aged 65 years and older in a suburban area of Tokyo in 2001, with two
follow-up studies being conducted in 2004 and 2007. In all, 7,905 respondents were
included as analysis subjects. Data analysis was performed using survival analysis and
SEM. The results indicated that improvement in SES of the elderly works toward

extending their life expectancy of living with good health via improving daily living



capabilities and preventing the need for LTC. Significant gender differences were found
in the relationship between SES and HALE among the Japanese suburban elderly.
Furthermore, with increased age, declining physical health within the high SES category
appeared to override the significant effects of SES on HALE for the Japanese suburban
elderly.

Chapter 5 summarizes the most important findings and draws conclusions as
follows: (1) A SES disparity in terms of HALE was found in Japan, while SES’s impact
on HALE in the elderly represented a significant direct effect; (2) In addition to the
direct effects, indirect effects of SES on HALE in the elderly were transferred by
physical health, and LTC levels; (3) There were significant model differences in terms
of gender, age, and location of the elderly in Japan. In this section, I also elucidate the
new insights that this dissertation has generated, and point out the questions that still
remain as well as new questions that have originated. Finally, there are certain issues for
future studies in terms of external validity and reliability.

In Japan’s aging society, a rapid increase in the elderly population is inevitable.
This study promote a deeper understanding and awareness of socioeconomic HALE
determinants interacting with gender, age and location, which will contribute to the
development of a multi-sectorial health policy to improve the overall health of the

elderly people in Japan.
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Chapter 1

Introduction






1.1 Population Aging

1.1.1 Aging in the 21st Century

Population aging — the process by which the median age and the relative
proportion of older people are increasing — is widespread across the world. In 1950,
there were 205 million people age > 60 years throughout the world (Figure 1.1). Fifty
years later, the world’s population of people age > 60 years tripled, and is estimated to
reach nearly 2 billion by 2050. Between 2000 and 2050, the proportion of the world’s
population > 60 years old will double from about 11% to 22%; the proportion will
increase from 20% to 32% in more developed regions and from 8% to 20% in less
developed regions® (Figure 1.1).

A society is considered to be an “aging society” when elderly individuals — those
age > 65 years — comprise more than 7% of the population; in an “aged society,”
elderly individuals comprise more than 14% of the total population; and in a
“super-aged society,” this age group accounts for more than 21% of the total population.
Table 1.1 shows that for selected countries, the dates when the population reached, or is
expected to reach, each point. Typically, the transition from 7% to 14% elderly
individuals took longer in countries that reached the 7% at an earlier date. For example,
Sweden and France reached 7% before 1900, and took 85 years and 115 years to reach
14%, respectively. That same transition required only 24 years in Japan, which was an
exceptionally short period compared to that for other countries. More developed
countries are in general in a more advanced stage of demographic transition, as a
consequence of several factors, such as advanced industrial economics and public health
systems; thus, the proportions of older individuals in such countries are projected to
remain significantly higher than those in less developed regions; indeed, growth of the
older population is often more remarkable in more developed counties (Figure 1.1).
However, the older population is also growing at a faster rate in less developed regions.

As a result, the world will be faced with populations that are aging at a rapid speed.

1 Less developed regions hereinafter are the names given to countries which, according to the United
Nations, exhibit the lowest indicators of socioeconomic development, with the lowest Human
Development Index ratings, among all countries in the world.

3



(million) (%)

2500 1 == World r 35
=== More developed regions
=== | ess developed regions L 30
2000 - e=p==\\orld
More developed regions
==u==| ess developed regions L 25

1500

1000

500

1950 1960 1970 1980 1990 2000 2010 2050
Year

Figure 1.1: Numbers and proportions of population age > 60 years: 1950-2050.

(Source: United Nations Department of Economic and Social Affairs, 2011%.)

Table 1.1: Aging rate in selected countries. (Sources: Ministry of Health, Labor and Welfare,

Japan, 2011%)

Percentage of population > 65 years old (year attained) Years required for attainment

Country
7% 14% 21% 7% — 14%
Japan 1970 1994 2007 24
China 2001 2026 2038 25
Germany 1932 1972 2016 40
UK 1929 1975 2029 46
USA 1942 2015 2050 73
Sweden 1887 1972 2020 85
France 1864 1979 2023 115




Population aging occurs due to two distinct demographic changes: falling fertility
rates and increasing longevity. The overall median age for the world rose from 23.9
years in 1950 to 26.7 years in 2000, and is forecasted to reach 37.9 years by 2050. The
corresponding figures for more developed regions as a whole are 29.0 years in 1950,
37.4 years in 2000, and 44.3 years in 2050; in contrast, the figures for less developed
regions overall are 21.5 years in 1950, 24.1 years in 2000, and 36.8 years in 2050°.
People are living longer: continuing gains in life expectancy at birth have been
experienced globally by both males and females (Figure 1.2). Over the last 6 decades
(1950-2010), global life expectancy at birth increased by almost 20 years. However,
large variations exist, e.g., between people living in different regions and between
genders. The gain in life expectancy at birth for males was 11.2 years in more developed
regions and 23.7 years in less developed regions; in females, such gains were 12.9 years
in more developed regions and 26.7 years in less developed regions. Sustained gender
differences in life expectancy at birth from 1950-2010 have also been observed, ranging
from 5.0-6.7 years in more developed regions and 0.8-3.8 years in less developed
regions. In addition, as can be seen from data from select countries in the Organization
for Economic Co-operation and Development (OECD) presented in Figure 1.3, the life
expectancy at age 65 years has been rising for both men and women, although to a
somewhat larger degree in women, since 1960. On average, life expectancy at age 65
years increased by 4.4 years for males and by 5.6 years for females in OECD countries
from 1960-2009. However, some countries recorded much greater increases. For
example, the average life expectancy at age 65 years in Japan rose by 7.3 years for
males and 9.9 years for females. This means that people are spending more years as
elderly individuals. Moreover, many of the very old lose their ability to live
independently due to limited mobility, frailty, or mental health problems. Thus, along
with other health challenges for the 21st century, it is important to prepare health
providers and societies to meet specific needs of older populations with respect to both

quality of life (QOL) and long-term care (LTC) prevention.
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1.1.2 Population Aging in Japan

In 2011, the total Japanese population was 127.80 million; about 29.75 million
were age > 65 years (12.68 million men and 17.07 million women). The elderly (age >
65 years) represented 23.3% of the total population, in which individuals age 65-74
years (young-old) and > 75 years (old-old) represented 11.8% and 11.5%, respectively,
of the population (Figure 1.4). Thus, more than 1 in every 5 people in Japan was > 65
years old, and more than 1 in 10 was > 75 years old. Women are overrepresented due to
their longer average life expectancy; for example, there were 16 women for every 10
men among people > 75 years old. The proportion of people age > 75 years was 2.1% in
1970 when Japan became an aging society, a figure that had almost doubled by 1990 to
4.8%, and nearly quintupled by 2010 to 10.9%; it is expected to increase to 24.5% by
2050.

With limited international migration, the rapid aging of the Japanese population is
attributed to the steady prolongation of its life expectancy and the sharp drop in its
birthrate. Japan has one of the highest life expectancies in the world, and this figure
continues to increase (Figure 1.5). The average life expectancy at birth was 79.64 for
males and 86.39 for females in 2010, and these figures are expected to increase to 81.39
years for males and 88.19 for females by 2025, after which female life expectancy is
projected to exceed 90 years. Furthermore, the average life expectancy at age 65 years
was 18.9 years for males and 24.0 years for females in 2009. Compared to 11.6 years
for males and 14.1 years for females in 1960, the life expectancy at age 65 years has
substantially increased, particularly for women (Figure 1.3). As the total population size
decreases, aging will continue to accelerate. By 2055, the Japanese population is

projected to drop to 90 million, with 36 million (41%) people age > 65 years.
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Geographic variation of the aging rate in Japan exists. Among the 47 prefectures in
2011, Akita had the highest rate of 29.7% while Okinawa had the lowest rate of 17.3%.
Prefectures in major urban areas have relatively low aging rates (shown in red in left
map, Figure 1.6), while 35 prefectures show rates higher than the national average of
23.3%. The aging rate in all 47 prefectures is expected to increase in the future. In 2035,
the highest percentage of elderly individuals will reach 41.0% in Akita Prefecture; the
lowest figure will reach 27.7% in Okinawa Prefecture (right map, Figure 1.6).
Simultaneously, increases in aging rates will differ between prefectures; for example,
the aging rate will increase remarkably from 2011 to 2035 in Saitama Prefecture (12.9%)
and Chiba (12.2%). Thus, services for the rapidly increasing elderly populations in

some regions will be necessary.
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Figure 1.6: Aging rate trends in the 47 prefectures: 2011 (left) and 2035 (right).
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1.1.3 Theories about the Population Health Status Changes Due to Aging

In 1984, a general model of health transitions was proposed that distinguished
between mortality, morbidity, and disability to explain the different states of life: total
survival, survival without chronic disease, and disability-free survival. The model is
portrayed using three main curves: ‘mortality,” “disability,” and ‘morbidity’®. Three main
theoretical hypotheses that highlight the effects that an observed decline in mortality
might have on the morbidity and disability of the elderly in the future are described

below.

Compression of Morbidity

Fries initially proposed that life expectancy was approaching a maximum limit in
the 1980s’. This optimistic compression scenario suggests that the burden of illness may
be reduced by postponing the onset of chronic diseases/disability, due to medical
progress and improved general health improvements, such as prevention of being
overweight or obese, quitting smoking, and physical practices. Thus, the proportion and
quantum lifetime spent in good health toward the end of life has increased. The health
transition model can illustrate the hypothesis that if the ‘mortality’ curve remains stable,
both the ‘disability’ and ‘morbidity’ curves shift upward and the areas between
‘mortality’ with ‘disability’ and ‘morbidity’ are reduced. However, in combination with
the increased number of older people in this scenario in the future, long-term care costs
would be mitigated if extra years of life are spent in good health. Thus, the policy
implication of this rather optimistic theory is that health resources should be shifted to

the later stages of life and for a shorter period of time®.

Expansion of Morbidity

The expansion of morbidity theory poses the pessimistic view that gains in life
expectancy predominantly occur through the technological advances that have been
made in extending the life of those with disease and disability®. In detail, medical
advances extended the lifespan of a much broader spectrum of the population, thus
increasing the survival of the frail elderly and leading to more years lived with non-fatal

disabling diseases of old age, such as Parkinson’s disease, dementia, and arthritis**".
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Gruenberg® originally characterized this rather expressively as the “failure of success”.
The health transition model can illustrate the hypothesis that if both the ‘disability’ and
‘morbidity’ curves remain stable, the ‘mortality’ curve shifts to the right and the areas
between ‘mortality’ with ‘disability’ and ‘morbidity’ are expanded. Thus, as the older
population grows, the demand for health and social care services as well as the pressure

on careers and communities will rise dramatically due to the increase in morbidity.

Dynamic Equilibrium

Manton™® proposed a dynamic equilibrium in which progress is made in prolonging
both total and healthy lifespans, leading to approximate stability in the ratio of healthy
lifespan to total lifespan. In other words, although more disability is possible, it would
be light and moderate, with a dynamic equilibrium maintained. The health transition
model illustrates this hypothesis by expanding the area between ‘morbidity’ and
‘mortality;’ if the disability is considered to be a severe morbidity, the area between
‘disability’ and ‘mortality’ remains the same. This scenario does not envisage greater
long-term social care costs, but primary care and long-term health services could

experience greater pressure”,
1.1.4 Global Studies on the Population Health Status Changes Due to Aging

The above-mentioned hypotheses constitute the background for several studies,
which attempted to understand whether the mortality reduction is accompanied by
improvement or deterioration of the population’s health status'®. However, these studies
did not yield consistent results.

Since 1991, many published studies have contributed considerably to the body of
evidence indicating an absolute expansion of morbidity/disability, such as in Australia®®,
the United Kingdom (UK) Y, Japan'®, and Taiwan®. The first wave of very robust
evidence for this altered view of disability trends in the older population came from the
United States” 2!, In the National Long Term Care Study (NLTCS) conducted in the
late 1980s and the 1990s, the age-specific disability rates were lower in the 1990s than
in the 1980s, indicating a significant reduction in the rate of functional decline in old

age during those two decades. In addition, a few other countries, such as Austria®* and
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Denmark®, appeared to have experienced an actual contraction of the period of
disability at the end of life. Strong evidence from New Zealand* and the Netherlands®:
2% indicated an expansion of disability attributed primarily to an increase in age-specific
prevalence rates for mild-to-moderate disability rather than severe disability, thereby
lending support to the dynamic equilibrium hypothesis. A recent OECD study yielded
mixed results regarding activities of daily living (ADL) disability trends, which denote a
severe level of disability among individuals age > 65 years. Of the 12 countries studied,
only 5 (Denmark, Finland, Italy, the Netherlands, and the United States) showed clear
evidence of a decline in disability among elderly people. Three countries (Belgium,
Japan, and Sweden) reported an increasing rate of severe disability among people age >
65 years, and two countries (Australia and Canada) reported stable rates. In France and
the UK, data from different surveys showed different trends in ADL disability rates,
making it impossible to reach any definitive conclusions regarding the direction of the
trend” %’

Most countries are experiencing a strong increase in life expectancy due to medical,
cultural, and social causes. It is unknown whether an upper limit of human life
expectancy exists and what this limit could be. The resulting patterns in different
countries can be concluded as follows: 1) living longer exposes more people to
non-fatal disabling diseases of old age; 2) improved control of the progression of
chronic diseases leads to a dynamic equilibrium between the decrease of mortality and
the increase in disability; 3) improved medical care and health behaviors compressed
the amount of time people live with disease and disability into a short period before
death; and 4) the eventual emergence of very old and frail populations leads to a new
expansion of morbidity?®. Even though these four theories are generally understood as
mutually exclusive alternatives, the causal factors they each highlight are not. The
theories are mutually exclusive insofar as they state that the primary causal driver
behind the continuing postponement of death by chronic disease is either delayed onset
(as a result of improved primary prevention), delayed progression of disease (as a result
of improved secondary prevention), or increased survival with severe disease (as a

result of improved tertiary prevention) 2.
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1.2 Healthy Life Expectancy (HALE)

1.2.1 Definition of HALE

The increasing number of older people, higher expectations of ‘good health’ within
society, and policy interest in the potential for reducing public expenditures have led to
international interest in the enhancement and measurement of the QOL of elderly people.
In 1998, the Institute of Medicine’s Committee on Summary Measures of Population
Health® concluded that “mortality measures, although important, provide decision
makers incomplete and insensitive information about overall population health.
Summary measures of population health need to recognize the physical and
psychological illnesses and disabilities that cause much individual suffering and limit
social and economic advances within and across nations.” Accordingly, the ‘healthy life
expectancy (HALE)’ measure, which is also called ‘health-adjusted life expectancy,’ is
used to summarize this notion.

Sanders® first elaborated the concept of HALE in 1964, but it was not until the
early 1970s that Sullivan® proposed a simple method for estimating life expectancy as a
function of disability. HALE as proposed by the WHO in 2000 refers to ‘the length of
life lived in full health,” which summarizes mortality and non-fatal outcomes in a single
measure of average population health®. HALE as a natural extension of life expectancy
combines quantity and quality of life into a single measure, and divides the remaining
number of years into good or bad health. Thus, HALE addressed whether or not longer

life is accompanied by the compression or expansion of morbidity.
1.2.2 Measures of HALE

HALE is derived from Sullivan’s method, which accounts for both mortality and
morbidity in a single index within a representative sample in time®. The values are
based on age-specific death rates for a particular calendar period together with
comparable health state prevalence by age. Total lifetime can be divided into healthy
periods and periods of health impairment:.

The WHO? defined health as a state of complete physical, mental, and social
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well-being, not merely the absence of disease or infirmity. As many dimensions of
health exist, many HALEs also exist. Thus, HALE can be measured in several ways,
including life expectancy in good self-rated health (SRH), free of disability, free of a
specific disease, or free of LTC. Such single measures of overall population health
provide a useful adjunct to measures of health gaps, such as disability, morbidity, and
SRH, which are often disaggregated by disease and injury®. The previous studies on
HALE indicators that are related to my doctoral dissertation were researched and are

described below.

Disability

Early work on HALE focused on disability-free life expectancy (DFLE).
Combining disability and mortality, if the calculated HALE increases at a slower rate
than life expectancy, a pandemic of disabilities might be expected; if HALE increases at
a similar rate, there would be no change; and if the increase is larger, compression of
disability would be confirmed. Measures of disability are important because they
provide appraisal of the burden caused by suboptimal health by considering other
factors (e.g. underlying disease, and psychological and social factors).

To understand and evaluate disability, it is important to have an understanding of
the progression of disability, ending with a loss of functioning. In 1980, the
“International Classification of Impairments, Disabilities, and Handicaps (ICIDH)” was
published by the WHO. Disability was defined as follows: “in the context of health
experience, a disability is any restriction or lack (resulting from impairment) of ability
to perform an activity in the manner or within the range considered normal for a human
being”36. Then, this model has been revised into the “International Classification of

Functioning, Activities and Participation (ICF)” ¥’

, which focuses on ‘components of
health as human functioning’ instead of ‘disabilities as consequences of disease’ in a
universal system. The ICF places the notions of ‘health’ and ‘disability’ in a new light
— it acknowledges that every human being can experience a decrement in health and
thereby experience some degree of disability. Disability is not something that only
happens to a minority of humanity. Furthermore, personal and environmental factors as
contextual factors are an essential component of the classification and interact with all

three dimensions of health; thus, changes in the social and ecological environments can
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alter health conditions (Figure 1.7).

Most current studies of disability among the elderly focus on the ability to carry
out ADL, which include daily activities in the home, at work, and at leisure. Most
measures include two phenomena: Basic Activity of Daily Living (BADL) developed
by Katz and colleagues in 1963%, and Instrumental Activities of Daily Living (IADL)
developed by Lawton and Brody in 1969%°. BADL includes basic daily tasks that need
to be performed by all people regardless of gender, culture, housing conditions, housing
environment, and leisure time interest*’, such as bathing, dressing, using the toilet, and
eating. IADL includes more complex, outgoing activities that are essential for living an
independent life in society*. In addition to these two measures, disability can also be
accessed through mobility performance, objective measures that evaluate standardized
tasks, such as standing in balance, walking distance, climbing stairs, and chair stand
tests, among others by means of counting repetitions or timing the task. ADL is
associated with dependence, so ADL levels have been found to be significant predictors
of all-cause mortality, the levels of care at which people should receive

institutionalization, and increase, use of hospital services***.
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Figure 1.7: ICF model. (Source: WHO, 2001%".)
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Diseases

The term ‘disease’ broadly refers to any condition that impairs normal function,
and is therefore associated with dysfunction of normal homeostasis. HALE is an
estimate of the number of healthy years free from the burden of disease, which is the
impact of a health problem in an area measured by financial cost, mortality, morbidity,
or other pertinent indicators. Several measures are used to quantify the burden imposed
by disease on people. The first measure is years of potential life lost (YPLL), which
estimates the number of years that a person’s life was shortened due to disease.
However, the measure does not account for how disabled a person is before dying, and
treats a person who dies suddenly and a person who died at the same age after decades
of illness as equivalent. Another measure is the disability-adjusted life year (DALY),
which considers the part of the years lost to being sick. Unlike YPLL, DALY reflects
the burden imposed on people who are very sick but who live a normal lifespan.
According to the Global Burden of Diseases Study 2010 (GBD)* report, infectious
diseases, maternal and childhood illness, and malnutrition now cause fewer deaths and
less illness than they did 20 years ago. As a result, fewer children are dying every year,
but more young and middle-aged adults are dying and suffering from disease and injury,
as non-communicable diseases, such as cancer and heart disease, become the dominant
causes of death and disability worldwide®.

It had thus been well documented that a number of chronic diseases are observed
more frequently in disabled elderly adults than in those who are not disabled. However,
not all diseases cause disability, and some diseases cause more disability than others.
Diseases with large effects on functional ability include stroke and other neurological
disease, heart disease, respiratory disease, high body mass index, diabetes, depression,
dementia, and musculoskeletal disease*. Although different medical conditions impose
functional problems that are specific to each disease, musculoskeletal disease is a
chronic disease that affects two dimensions of functional limitations and disability:
mobility and ADL. The presence of more than one chronic disease in an individual — or
comorbidity — has been reported to be related to the presence of disability and to that
person’s future risk of disability. For example, the number of chronic diseases in a

disability-free group at baseline is directly associated with the risk of losing mobility
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over four years*®. Furthermore, after four years, the risk of becoming disabled is 4-fold
higher for a person with chronic diseases than for a person with no chronic diseases*.
In some instances, a disease may increase the risk of subsequent functional disability in
itself, but it may also increase the risk of subsequent functional decline when a new
condition develops®. Schroll et al.* observed a step-wise increase in disability with an

increasing number of chronic conditions.

Long-term Care/Support

The rapid aging of society is leading to a rapid increase in the numbers of disabled
individuals who need LTC or support. In most countries, care predominantly remains a
family task that is primarily performed by women. However, the increasing proportion
of women in the labor market and the declining ratio between those needing care and
those who are potential caregivers are raising questions about the family’s ability to care
for the elderly who need LTC or support for their daily activities™. While all developed
countries provide LTC services, only a few of them have implemented LTC systems
based on legislation and entitlement principles, such as Germany and Japan.

A recent study calculated HALE using the disability prevalence based on LTC
insurance data in select developed countries®*. Average life expectancy can be
qualitatively divided into lifetime spent in good health and lifetime spent in LTC
(average care duration). The results not only described the evaluation of HALE, but also
the effects of disease prevention programs or health promotion programs.

As an example, in Japan, LTC insurance was introduced for elderly individuals
requiring nursing care, and certified people are classified into one of six care levels
according to the severity of their disability and care needs. As municipal governments
manage LTC insurance, data are routinely available at the municipal as well as the
prefectural level, and are used as a source of disability prevalence data®’. Seko et al.>
calculated the expected years of life with care needs by age group and prefecture in
Japan from 2005-2009, showing that the expected years of life with care needs at age
65 years increased from 1.43 years in 2005 to 1.62 years in 2009 for men, and from 2.99
to 3.44 years for women. As a proportion of total life expectancy, these values showed
an increase from 7.9% to 8.6% in men and from 12.9% to 14.4% in women. In addition,

the expected years with care needs did not increase in people age 65-69 years and
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70-74 years, but markedly increased among individuals > 85 years old. These results
indicated that the duration of senior life with disabilities increased in the Japanese

population, particularly for the oldest-old people.

Self-rated Health

HALE is commonly used in attempts to assess how many years people lived in
good health over the lifespan based on the global SRH scale. SRH as a subjective
measure refers to the way that individuals feel about their own health, rating it from
‘very poor’ to ‘very good.” This assessment tool was introduced in the United States in
the late 1950s, and has become a convenient means through which health information
can be collected. However, this particular health measure has both strengths and
weaknesses™,

In terms of strength, SRH is a good fundamental indicator of overall health status,
and is almost always measured in large population health surveys. SRH can reflect
aspects of health incorporating physical, mental, and social health, and can even predict
mortality. Furthermore, an extensive body of literature reflecting a variety of settings
and cultures has consistently demonstrated that SRH is a strong and independent
predictor of subsequent illness, as well as both all-cause and specific mortality®*®. For
example, respondents reported their health to be poor or very poor on average had
increased risk of mortality than those reported having good health. This association was
independent of age, blood pressure, and a range of chronic diseases®. Hence, SRH can
provide valuable insights into the potential demand for health services and LTC needs of
the elderly in an aging society.

A major weakness of SRH is its subjective nature. SRH is assessed broadly and
subjectively by the respondents themselves, rather than by physician diagnoses or other
more objective indicators of health, such as chronic conditions, functional limitations,
and disability. Consequently, SRH reports could be prone to the effects of exogenous
factors, such as gender, race, and income level, as well as changes in attitudes and

5358 In brief, SRH allows for at least some

expectations toward health over time
measure of comparison across very diverse settings, because the results can be divided
into categories representing poor health and good health. Thus, SRH provides a good

starting point for comparisons of HALE across settings.
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Using SRH, studies conducted in some developed countries showed inconsistent
HALE results: upward trends for both men and women were observed in Finland®® from
1978-1986, Great Britain®® from 1980-1996, and Austria® from 1978-1998; a
downward trend was observed in Germany®® from 1986-1995, while in the
Netherlands®®, from 1983-2000, an upward trend was observed for men, while a
downward or stable trend occurred for women. In Japan, Young et al.>® examined the
increasing life expectancy of Japanese men and women in relation to their SRH from
1986-2004. The results showed that the gains in life expectancy in both genders and at
all ages primarily occurred in years of good SRH prior to 1995, while the gains in years
of poor SRH occurred from 1995-2004. The exception was for women at age 85 years,
among whom an almost continuous increase in the number of years living in poor health
was observed. The proportion of life spent in different health states suggested evidence

of morbidity compression until 1995, followed by an expansion of morbidity.
1.2.3 Review of HALE in the World

HALE has been extensively used to compare health between countries and to
reflect many social, economic, and environmental influences, as well as other
demographic variables. The Global Burden Diseases Study 2010 was the largest
systematic effort conducted to measure the global distribution and causes of a wide
array of major diseases, injuries, and health risk factors. The HALE for 187 countries
from 1990-2010 and the comprehensive comparisons defined by gender, age, and

socioeconomic groups are described below®?.

Gender

In 2010, HALE at birth was 59.0 years (range, 57.3-60.6 years) for men and
approximately 63.2 years (range, 61.4-65.0 years) for women (Table 1.2). Although
male life expectancy at birth increased from 1990-2010 by 4.7 years and female life
expectancy at birth increased by 5.1 years, the HALE at birth increased by only 4.2
years and 4.5 years, respectively, suggesting that the world’s population loses more
years of healthy life to disability today than it did 20 years ago. Although HALE, like

life expectancy, remains higher in women, women continue to lose more years to
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disability than men, and overall the gap between genders in both life expectancy and

HALE continues to widen.

Age

In 2010, global HALE at age 60 years was approximately 14.4 years (range,
13.6-15.2 years) for men and 17.0 years (range, 16.1-17.9 years) for women, and had
increased 1.4 years for men and 1.7 years for women since 1990 (Table 1.2). However,
as mentioned before, HALE at birth had increased 4.2 years for men and 4.5 years for
women since 1990, suggesting that the importance of the gap between the genders in
HALE diminishes with age.

Table 1.2: Global HALE by gender and age in 1990 and 2010. (Source: Global Burden
of Disease Study, 2010*2)

Male healthy life expectancy Female healthy life expectancy
1990 2010 1990 2010
0 years 54.8 (53.2-56.3) 59.0 (57.3-60.6) 58.7 (56.9-60.3) 63.2 (61.4-65.0)
1 years 58.1 (56.3-59.5) 60.7 (58.9-62.3) 61.4 (59.6-63.1) 64.6 (62.7-66.3)
5 years 555 (53.8-57.0) 57.7 (55.9-59.3) 58.8 (57.0-60.5) 61.6 (59.7-63.3)
10 years 51.1 (49.5-52.6) 53.2 (51.5-54.8) 54.4 (52.6-56.1) 57.0 (55.2-58.7)
15 years 46.7 (45.2-48.1) 48.7 (47.1-50.2) 50.0 (48.3-51.6) 525 (50.8-54.2)
20 years 42,5 (41.0-43.8) 444 (42.8-45.8) 45.8 (44.1-47.3) 48.2 (46.6-49.8)
25 years 38.4 (36.9-39.6) 40.2 (38.8-41.6) 41.6 (40.1-43.1) 441 (42.5-45.6)
30 years 343 (33.0-35.5) 36.2 (34.8-37.6) 376 (36.1-38.9) 40.0 (38.5-41.4)
35 years 30.3 (29.1-31.5) 323 (30.9-33.5) 336 (32.2-34.8) 35.9 (34.5-37.3)
40 years 265 (25.3-27.5) 28.4 (27.1-29.6) 29.6 (28.4-30.8) 32.0 (30.6-33.2)
45 years 227 (21.6-23.7) 246 (23.4-25.7) 25.8 (24.6-26.9) 28.0 (26.8-29.2)
50 years 19.2 (18.2-20.1) 21.0 (19.9-22.0) 221 (21.0-23.1) 242 (23.1-25.2)
55 years 15.9 (15.1-16.7) 17.6 (16.6-18.5) 186 (17.6-19.5) 205 (19.5-21.5)
60 years 13.0 (12.2-13.7) 144 (13.6-15.2) 153 (14.5-16.1) 17.0 (16.1-17.9)
65 years 10.3 (9.7-10.9) 11.6 (10.8-12.3) 12.3 (11.6-13.0) 13.8 (13.0-14.5)
70 years 8.0 (7.4-8.5) 9.0 (8.4-9.6) 9.6 (9.0-10.2) 10.9 (10.2-11.5)
75 years 6.0 (5.6-6.5) 6.9 (6.4-7.4) 7.3 (6.8-7.8) 83 (7.8-8.9)
80 years 44  (4.1-4.8) 51 (4.7-5.5) 53 (4.9-5.7) 6.1 (5.7-6.5)

Data are point estimates (95% uncertainty intervals; years).

Socioeconomic Group

Across countries, male HALE at birth in 2010 ranged from 27.8 years (range,
17.2-36.5 years) in Haiti to 70.6 years (range, 68.6-72.2 years) in Japan; female HALE
at birth in 2010 ranged from 37.1 years (range, 26.8-43.8 years) in Haiti to 75.5 years
(range, 73.3-77.3years) in Japan. Male HALE at birth in 2010 was below 50 years for
29 countries, compared to only 18 countries for female HALE. In 2010, 38 countries

had a male HALE at birth of > 65 years, compared to 86 countries for female HALE.
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The gap increases appreciably between genders when socioeconomic groups are
considered, an observation that further highlights health inequities, particularly for
women, in whom no disparities are observed when life expectancy is considered alone®*.
People in more developed countries not only live longer, but they also spend a
significantly smaller proportion of their life with disability and morbidity. Calculation of
HALE suggests that health disparities are greater between social groups than between

genders.
1.2.4 The Significance of Studying HALE in the Elderly

Globally, the increase in numbers and proportions of old and very old people has
increased the concerns and worries of both the aging individuals themselves and health
care planners. Individuals worry about declining intellectual abilities and physical
health, while the changing demographic patterns are also coupled with worries that
society may have to struggle with the aging process to deal with difficult issues such as
the financial burden of providing for old age, and increasing demands on social and
medical care in case of disability. These combined points of views of the individual and
the society constitute the primary reason why an important goal of gerontological
research, geriatric medicine, and public health is to increase HALE, which refers to the
length of life lived in full health, considering disability, disease, LTC, and SRH.

Japan leads the world in the rapid pace of aging and highest HALE; thus,
evaluation of HALE in Japan may provide evidence of trends of morbidity compression
or expansion across all ages for both genders by calculating the proportion of life lived
in different health status. Additionally, evaluation of HALE will be important for
projecting the needs of health care in an aging population and evaluating the effects of

interventions and policy changes on both the length and quality of life.
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1.3 Socioeconomic Status Effects on HALE of the Elderly

Previous epidemiological, demographic, and sociological researches provide
persistent and almost universal findings on social differences in health and mortality.
Generally, lower SES has been shown to be related to increased risk of mortality and
morbidity. From a lifespan developmental perspective, it is important to explore
whether the strength of this relationship varies with age. Studies examining social
inequalities in health rarely considered the elderly, but evidence is currently mounting
that SES plays an important role in health in later life®>. However, the diversity of

pathways, settings, and mechanisms from SES to HALE remains overwhelming.
1.3.1 Measures of Socioeconomic Status

SES can be broadly conceptualized as one’s social capital and position in a society
characterized by social inequality. Sociologists emphasize a Weberian approach that
encompasses the notion of class, status, and power. However, the existing research
results suggest that SES is a multifaceted construct, including at least income, education,
occupation, and wealth, which is related to health in diverse ways. Each life stage seems
to require different indicators to measure the SES effect on health. As people age, their
life has changed, including their status in society and their own social relationships.
Accordingly, the indicators that can reflect people’s SES also change, particularly for
older people. In general, education, income, and occupation, or a composite of these

three dimensions, were adequately examined in previous studies, as described below.

Education

Kitagawa and Hauser® used educational attainment as their primary indicator of
SES, and since then, education has played a central role in analyses of the SES effect on
health, because it is easily recorded and remains stable over an individual’s lifetime®’. A
person’s relative status within society, which can be considered as social class
according to Weber’s notion, may be related to the high educational attainment of high
school or college degrees. Higher education implies more knowledge about health and

health behavior, and shapes the ability to inform certain lifestyle choices to promote
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health in later life.

Income

If education represents human and social capital at the beginning of adulthood,
annual income represents only recent accumulation of material resources or the
financial situation, which is thought to be closely associated with the class or economic
component of Weber’s notion of social class. Relative social class is closely related to
potential access to different lifestyles, a sense of security, and the opportunity to fulfill
material desires. In addition to providing means for purchasing health care, higher

incomes can provide better nutrition, housing, schooling, and recreation®.

Occupation

Compared with income and educational level, occupational status is a more
complex variable, and its measurement varies depending on one’s theoretical
perspective about the significance of various aspects of work life. Occupation can be
seen as a proxy for representing Weber’s notion of socioeconomic position, as a
reflection of a person’s place in society relative to their social standing, income, and
intellect®. Considering that most elderly individuals are not or will not for much longer
be part of the labor force, occupation-based measures can only have an aftereffect, and

it is unclear how strong these effects are relative to new and current living conditions.
1.3.2 Socioeconomic Status of the Old Population

In the World

Studies have established that lower SES is associated with increased levels of
illness and mortality. For elderly individuals, advanced age is characterized by a
withdrawal from permanent employment and a reduction in working hours. The
outcome is typically a huge drop in income. Globally, older people today are
significantly less likely to participate in the labor force than they were in the past. As the
data from the United Nations® have shown, labor force participation of people age > 65
years declined by more than 40% at the global level from 1950-2000. Among men,
labor force participation decreased from 55% in 1950 to 30% in 2000, while in women,
the reduction was from 14% in 1950 to 10% in 2000. In addition, the female share of
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the older work force is increasing, particularly in more developed countries. In general,
education levels have improved in each generation over the last century, and the
widespread attainment of at least primary education has been established in more
developed regions. As a result, literacy among the older population is nearly universal in
more developed regions; however, illiteracy remains high among older people in less
developed regions, particularly among women.

The Gini coefficient is commonly used as an international measure of inequality of
income distribution, in which 0 corresponds to perfect equality and 1 to perfect
inequality. The Gini coefficient has risen significantly since the mid-1980s in OECD
countries. In 2008, the average Gini coefficient was 0.309 for people age 18-65 years
and 0.288 for people > 65 years (Figure 1.8). The degree of income inequality for the
18- to 65-year-old group was greater than that for the > 65-year-old group at the average
level, indicating that income inequality decreases in old age as a result of retirement and
associated pension and other income security benefits. However, some countries
showed different characteristics, such as the United States, Japan, and France. Figure
1.9 shows another international inequality indicator, relative poverty rate (%), which is
the percentage of people with an income < 50% of the median income in OECD
countries. Japan has one of the highest Gini coefficients among OECD countries, with

all poverty rates being much higher than the average level of OECD in all age groups.
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Figure 1.9: Relative poverty rates (%) of OECD countries. (Source: OECD Income
Distribution and Poverty Database, 2008™.)
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In Japan

In Japan, accelerated economic growth and technological advancement have
enhanced health and life expectancy, particularly after the Second World War. It seems
that Japan’s health expenditure and health and welfare system organization, along with
specific social and cultural particularities, translate into reduced socioeconomic
differences in health outcomes. However, increases in social and health inequalities
have been recently reported in Japan, which may be partially due to population aging*.

The average gross household income and the average gross income per household
member by the age bracket of the household head are shown in Figure 1.10. In 2006, the
total average income per household and average income per household member were
5.67 million yen and 2.07 million yen, respectively. The average household income of
all other households is higher than that of households headed by someone > 65 years old
(4.32 million yen), except those headed by individuals < 29 years old.

The income distribution of people > 65 years old is different than those in other
age groups. Figure 1.11 shows how income is distributed for all households and aged
households. Overall, 78.7% of households headed by individuals age > 65 years earned
an annual income of < 4 million yen in 2006. The average income of all households is
evenly distributed over a range of 1 million to 8 million yen; however, the distribution
of aged households becomes increasingly skewed to the lower income brackets. In 2010,
the average annual income of households headed by elderly people was 4.29 million
yen, which is much lower than the average 5.24 million yen income of all households.
Reflecting this reality, the Gini coefficient for households headed by people > 65 years
old is approximately 0.34, which is higher than the Gini coefficient of 0.31 for
households headed by individuals age 18-65 years (Figure 1.8).

In Japan, the average amount of schooling completed is 12.3 years per person,
more than 90% of the population attends high school, and approximately 40% of all
upper-secondary school graduates advance to tertiary education. The education level in
Japan has tended to increase over time: for example, among OECD countries, Japan is
ranked in the tenth position among 55- to 64-year-olds (those who completed their
education some 40 years ago) and in the third position among 25- to 34-year-olds (those

who completed their education a decade ago) . Due to the extremely high popularity of
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higher education, particularly in the last few decades, the range of levels of education
attained has become larger, which has increased social inequalities in Japan. However,
many aging Japanese enroll in various education facilities, and this factor could also

influence SES, although studies on this topic have not yet been performed’.
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Figure 1.10: Average income per household and per household member by age
group of household head, 2006. (Source: Ministry of Health, Labor and Welfare, 2006'%.)
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1.3.3 Theoretical Hypothesis about SES-HALE Associations at an Older Age

The multifaceted nature of SES and HALE needs to be considered in studies on
social inequality in health. The sociological background for the analysis of SES
differences on HALE in elderly individuals is the question of whether social inequality

increases, decreases, or remains stable during old age (Figure 1.12).

“Convergence hypothesis” “Continuity hypothesis” “Divergence hypothesis”

yieaH

60 70 80 Age 60 70 80 Age 60 70 80 Age

Figure 1.12: Hypotheses about SES-Health associations at older age.

Convergence Hypothesis — “Status Leveling Hypothesis”

Representatives of the age-as-leveler hypothesis suggest that health differentials by
SES are largest in prime age and then converge at older ages due to a variety of factors’™
’® Biological deterioration in later life could accelerate health decline of high SES,
leading to an override of the significance of social factors and thus to a convergence of
the status groups’’. Another possibility is that in some cases, selective survival might
eliminate SES differences in health in later life. A different assumption within the
status-leveling hypothesis is that the welfare state actually reduces socioeconomic
differences in old age through benefits and social security’®. This is also called the
Redistribution Hypothesis, which stresses that in many industrial countries, inequality

among the elderly is less pronounced than among younger groups’>.

Continuity Hypothesis — “Status Maintenance Hypothesis”
The influence of SES on health in later life has also been characterized by
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continuity, which is indicated by little age differences or stability in the SES-HALE
relationship. Status maintenance is based primarily on the influence of the working age
on the retirement age through external structures in which the individual has a persisting
position. Secondly, status maintenance can be based on internal dispositions such as

learning behavior, habits, and one’s own self-concept79’ 80

Divergence Hypothesis — “Cumulative Advantage Hypothesis”

Other researchers have provided empirical evidence for divergence in health
disparities by SES in later life, which suggests that social inequalities in health may be
due to the cumulative effects of disadvantage over the life course, resulting in enhanced,
rather than diminished, SES in older ages compared to middle life®" . Another aspect
that contributes to an accumulation of inequality is the fact that certain inequalities only
become visible and effective with a poor health status, for example, the exposure to one
environmental hazard is likely to be combined with exposure to other hazards, and these
exposures are likely to accumulate over the course of a lifetime®.

The three hypotheses about how SES inequality could change with increasing age
(leveling, maintenance, and accumulation) are not mutually exclusive. Some pathways
that lead to a leveling of social inequality with age may exist together with other
processes that increase inequality. For example, most of the studies conducted in the
United States provided strong evidence in favor of the leveling hypothesis, because the
American health care system is characterized by socially-patterned health insurance
coverage up to the age of 65 years, when virtually all citizens receive basic health
insurance through Medicare®. Furthermore, due to the large social inequalities in health
during midlife in the United States, the SES disparities on health might be attenuated in
old age due to a strong influence of selected mortality in earlier stages of life®.

In summary, given the ambiguity of the extant literature, we cannot predict with
confidence whether SES differentials in health will diminish, continue, or grow at older
ages. Because the use of SES and health indicators may differ in various social contexts,
more empirical evidence on the age patterns of SES differentials in HALE can help us
evaluate the relative merit and applicability of the convergence hypothesis versus the

divergence hypothesis®.
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1.3.4 Literature Review on SES-HALE Mechanisms

This dissertation systematically reviews the empirical literature on SES effects on
HALE within and outside Japan. Most of the academic researchers have shown that the
SES-HALE gradient remains in older people, and also appears to influence multiple
dimensions of health, including physical functioning, comorbidity, and SRH. The
explanations of good health status and long life expectancy among high SES individuals
were classified into conceptually distinct mechanisms, in which the impact of SES was
assumed to either directly influence HALE or indirectly impact HALE.

Direct SES-HALE Mechanism

Education most likely affects health directly, indicating that the lower a person’s
level of education, the more likely he/she will have a higher risk of chronic diseases and
disability. Further, it is also clear that people at a low-income level have multiple health
problems, leading to poor SRH.

At the national level, a study in the UK revealed that social class, unemployment
rate, and the percentage of the non-white population were the primary variables
associated with differences in disability-adjusted life expectancy (DALE) at birth®’.
Another similar study conducted in Spain found that illiteracy rate and the percentage of
smokers in the population were the primary factors associated with the geographical
variation of DALE®®. An ecological study in Japan found that among 181 factors related
to socio-demographic factors, 3 factors could potentially explain the differences in
DFLE of the Japanese older population: good self-rated health status, a high proportion
of older workers, and the presence of a large number of public health nurses®.

At the individual level, a cohort study among 110,790 individuals age 40—79 years
in 45 areas in Japan showed that individuals with low levels of education had an
increased overall risk of death (16% and 26% increased risk for men and women,
respectively)®. The results of another cross-sectional research study on a Japanese
sample of 80,899 persons > 15 years old in 1995 demonstrated that compared to people
whose household income was > 5 million yen, those whose household income was < 1.5
million yen were 1.93 times more likely to perceive their own health as the worst™. By

surveying Japanese workers age 20-40 years, Togari and Yamazaki®> found an
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association between poor sense of coherence (SOC) and occupation (non-temporary <
temporary and professional < white-collar < blue-collar) and an association between the
poorest SOC and unemployment and lower education levels.

These direct SES effect on HALE results indicate that health inequalities exist in
Japan. Thus, social and political initiatives are needed to correct these social inequities.

Indirect SES-HALE Mechanism

Evidence of the socioeconomic gradient in health has pushed for explanations that
go beyond the direct relationship between SES and HALE. For example, education is
believed to promote good health not only by generating economic resources (income
and employment) but also by providing social-psychological resources: knowledge and
skills by which people are able to better self-manage illness and disease, healthy
behaviors, ability to cope with stress, perceptions of control, and social support. Income
has been shown to promote good health by affecting nutrition, housing quality, exposure
to environmental hazards, and access to adequate physical and mental health care.

According to Mirowsky and Ross®, increasing educational attainment improves
health by increasing individual agency, self-efficacy, and problem-solving capacity, all
of which promote a healthy lifestyle. In addition, education level is less likely to be
affected by health impairments that developed in adulthood compared to other
indicators of SES, such as occupation or income®. However, recent research suggests
that income is associated more strongly with progression (rather than onset) of disease
than with education, suggesting that economic resources promote health in part by
increasing the abilities to pay for medical care and to acquire transportation to care

facilities®™%,

1.0 examined the association between educational level and

In Japan, Fujino et a
major causes of death in a prospective cohort study. The findings suggest that lower
levels of education can lead to insecure income, hazardous work conditions, and poor
housing, which can increase the risk of death due to external causes. Previous findings
from another cohort study of 1,266 Japanese male office workers age 35-59 years
identified smoking as a risk factor for type 2 diabetes, and therefore, the significant
inverse relationship between diabetes and education might be partly explained by the

association between smoking and education””.
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A few cohort studies conducted in Japan using structural equation modeling (SEM)
were conducted to explore the indirect relationships between SES and HALE. Hoshi et
al. ®® discovered that health and life conditions were not determined by current dietary
and lifestyle habits, which many studies showed. However, the condition were more
directly affected by three health-related dimensions three years earlier, and indirectly
affected by educational attainment and previous annual income as well. Using the same
data, Takahashi et al.*® suggested that decreases in yearly income could disrupt the
balance of health of older people via decreasing daily activity and poor social support.

Bosako et al.}®

concluded that SES affected the duration of survival both directly and
indirectly via three health factors (physical, mental, and social), and that the indirect

effects were stronger than the direct effects.

SES-HALE Mechanism by Gender

Longitudinal comparative data on life expectancy indicate a central societal
division between men and women (on average, women live longer than men). Biology
is only one of a group of factors that shape health outcomes, and it might not be the
most important one. As Waldron'® argues in her “Gender Role Modernization Thesis,”
structural-social changes have led to social, cultural, and economic changes that are
shaping a more healthy life — on average, women smoke and drink less than men and
are less involved in physically demanding and risky jobs.

Gender differences in the association between income and health have also been
reported in a recent cross-sectional study among 9,650 participants age 47—77 years'%%.
Men tended to report more fair or poor health as household income decreased, while the

results for women differed. In a study of 2,200 elderly Japanese, Liang et al. **

reported
that in contrast to Western countries, an educational crossover exists only among elderly
men, which may be due to gender and SES differences in causes of death, morbidity,

.19 examined the association between annual

and health behavior. Yamazaki et a
household income and the eight scale scores of the Medical Outcomes Study Short
Form-36 Health Survey (SF-36) as a quantifier of Health Related Quality of Life in
Japan. A total of 3,395 people age > 16 years were selected from the entire population of
Japan using stratified-random sampling method. Results showed that a strong

association existed between annual household income and SF-36 scores among men,
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but there was only a limited association among women. Fukuda et al.'® noted that the
relationship between mortality and the education-income index was stronger for males
than for females, and that gender differences in the association between mortality and
municipal SES were due to substantially different patterns in the primary causes of
death between males and females.

SES-HALE Mechanism by Age

Studies that address different health dimensions suggest that social inequalities
might develop differently according to the health indicator considered. For example, as
Lampert'® has shown, using a sample age 70 to 100+ years, small socioeconomic
differences in physical aspects of health up to the age of 90 years were followed by
significant differences in individuals > 90 years old. A contrasting picture emerged for
functional health, in which socioeconomic differences were significant at age 70-79
years and disappeared in older age groups'®’. One study using several SES and health
indicators and a sample limited to individuals > 60 years old showed only slight age
variation in the effect of SES on health in Germany, supporting the continuity
hypothesis'®. In Japan, a study conducted by Liang et al.!®® showed that educational
differences in mortality tend to converge in the 70- to 79-year-old age group. The
authors also confirmed, in the Japanese context, that the effect of SES on health was
small in early adulthood, greatest in middle and early old age, and relatively small again
in late old age. One of the few studies of this issue indicated that while health behavior
mediated the association between education and functional health in 55- to 70-year-old

people, psychosocial factors became more relevant for older people'®.

SES-HALE Mechanism by Geographic Location

Socially disadvantaged areas were reported to be associated with higher mortality,
morbidity, and health related risk behaviors. A series of ecological studies using the
Japanese municipal statistics on SES and mortality by Fukuda et al. suggested that a
lower SES was related to higher mortality. The first study classified the municipalities
across the country into quintiles according to the index of SES obtained from income
and education, and found that mortality gradient by SES and excess deaths in the lower
SES quintiles due to injury and suicide markedly increased from the 1973-1977 to
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1993-1998 periods for both males and females'®. Another related ecological study
found that health expectancy at age 65 years was significantly positively correlated with
per capita income in municipalities across Japan. The relationship was stronger in larger
municipalities (i.e., those with populations of more than 100,000 individuals) than in
small- and medium-sized municipalities. The results of this study indicated that the
health status of older people is substantially decreased by disadvantageous

socioeconomic conditions°.

1.4 Study Objectives, Originality and Significance

1.4.1 A Comprehensive View of Previous Studies

Findings from previous studies enhanced our understanding of the effect of SES on
HALE, and provided recommendations for improving HALE among elderly people.
Although there is a well-established relationship between SES and HALE according to
which people with higher SES live longer in good health compared to people with lower
SES, inconsistent results were reported in previous studies due to different research
designs and cultures. In addition, although several recent studies examined SES and
HALE among the Japanese, all of them focused on special populations such as the
elderly living alone, elderly with impairment, or patients with certain diseases. To date,
few studies have investigated the association between SES and HALE among elderly
people in large-scale follow-up studies in Japan. Specifically, previous research has had
critical limitations in the attempts to understand how the SES affects HALE of
individual elderly people in Japan, as follows.

(1) Past research has calculated HALE using various methods that account for both
mortality and morbidity in a single index within a representative sample; however, few
detailed studies objectively and systematically assessed the HALE as living longer and
healthier at the individual level, particularly for elderly people.

(2) Previous studies considered physical functioning, illness, LTC need, and SRH
as HALE measures; however, the structural causal relationship among them was
overlooked. In addition, in previous studies that evaluated the relationships between
individual physical health status and SRH, or mortality, they limited their assessments to
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combine all the variables to explore their underlying relationships.

(3) A large number of previous studies explored the relationship between SES and
HALE, and showed direct and indirect effects by survival analysis or logistic regression.
Few studies adequately incorporated multiple factors or the relationships among these
factors, which have been found to be significantly related to HALE of the elderly by
using the SEM to analyze and show the inter-relationships.

(4) A few of the previous studies explored the SES effect on HALE by controlling
certain demographic variables, such as age and gender. However, less attention has been
given to the theoretically and practically relevant question of whether SES and HALE
associations differ in population subgroups, such as those that differ by gender, age, and

location.

1.4.2 Study Objectives

The purpose of this empirical study is to examine the structural relationships
among SES, physical health, LTC level, and HALE of the Japanese elderly. More
precisely, this dissertation aims to explore the SES-HALE mechanism of Japanese
elderly individuals. It is premised that SES is directly or indirectly related to the HALE
of Japanese elderly depending on gender, age, and geographic location. The following
three objectives are established:

(1) Describe the characteristics of SES, HALE, LTC, and physical health status
among Japanese elderly people;

(2) Assess direct and indirect effects of SES on physical health, LTC, and HALE of
Japanese elderly people;

(3) Explore the SES-HALE mechanism differences by gender, age, and geographic

location of Japanese elderly people.

1.4.3 Study Originality and Significance

Due to a paucity of empirical studies on HALE of elderly people, there is a
knowledge gap in the understanding of whether or not elderly people live longer in

good health. Japan ranks as having the highest HALE in the world; thus, this study may
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be able to bridge the gap by clarifying the measurement of HALE and estimating a
series of best-fit models of Japanese elderly people.

Furthermore, for many years, diverse conceptual and theoretical models have been
proposed to explore the social determinants of health status of older individuals. Based
on large-scale surveys and the advanced statistical software (e.g. SPSS and SEM for
Windows), empirical study represents an effort to investigate the mechanism by which
SES takes multiple pathways to exert direct and indirect effects on the HALE among
Japanese elderly people, considering the differences by population subgroups, including
gender, age, and geographic location.

This dissertation used data from 1995-2007 at both prefectural and individual
levels; during this period, Japan transitioned from an aged society to a super-aged
society. This study can provide valuable information on how SES affects HALE of
Japanese elderly people, which could help social workers develop planning
interventions and deliver effective services to improve elderly people’s QOL by
considering their individual differences and needs. Furthermore, implications for

reducing the LTC/support cost in the future can be elicited.

1.5 Hypothetical Model

Based on the related literature review, a model illustrating the structural
relationships of SES, physical health, LTC level, and HALE to be tested in this study is
proposed in Figure 1.13. This model includes three latent variables (SES, physical
health status, and HALE) in the circles and one observed variable (LTC level) in the
rectangle. A one-way arrow between two variables indicates a postulated direct
influence of one variable on another. The following hypotheses (H1—H8) are

established in the proposed study with various latent constructs.
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H1:

H2:

H3:

H4:

H5:

H6:

H7:

H8:

The level of SES will be positively associated with HALE directly (Figure
1.13: path );

The level of SES will be negatively associated with the LTC level directly
(Figure 1.13: path ©@);

The level of SES will be associated with the physical health status directly
(Figure 1.13: path ®);

The physical health status will affect the LTC level directly (Figure 1.13:
path @);

The level of SES will affect HALE indirectly via LTC level (Figure 1.13:
path @—®);

The level of SES will affect HALE indirectly via physical health status
(Figure 1.13: path @—®);

The level of SES will affect HALE indirectly via physical health and LTC
level (Figure 1.13: path @ —@—®);

Gender, age, and geographic differences exist in the structural relationships
among SES, physical health, LTC level, and HALE.

)

: ‘
&y
SES ' > HALE
o>
@x @
Physical health

status

Figure 1.13: Hypothetical model of this dissertation (Yang, 2011).
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1.6 Data and Methods

1.6.1 Variables and Measurement

In this dissertation, each chapter includes different research; the measures of the
variables in each chapter are described below.

For the SES construct, three measured variables — income, education, and
occupation — were used. Among theses, Chapter 2 uses data on per capita income,
enrollment rate in higher education, and total employment rate to explain SES at the
prefectural level, which were collected from government organizations and public
institutions; Chapter 3 uses individual annual income to measure SES, and the data were
collected by asking the respondents to choose the category that best corresponded to
their and their spouse’s total annual income in the questionnaire; and Chapter 4
considers annual income and educational level as two component of SES, and the data
were also collected from questionnaire surveys.

Physical disability and chronic illness were considered as components of physical
health status. Among these, physical disability was defined as a composite index of
BADL and IADL. BADL included three items: using the toilet, taking a bath, and taking
a walk outside®, while IADL included five items: reading, grocery shopping, meal
preparation, money arrangement, and insurance and pension management*. Chronic
illness was defined as a composite index of comorbidity and degree of pain.
Comorbidity was measured by asking participants whether they had been diagnosed and
were currently suffering from select diseases in the questionnaire, such as hepatic
disease, diabetes mellitus, cardiovascular disease, and cerebrovascular disease. The
degree of pain was determined by instructing the individuals to describe the amount and
area of pain (e.g., waist, arthritis, ankle, foot, head, shoulder, or other) they were
currently experiencing. All data were collected on an individual level and are discussed
in Chapters 3 and 4.

LTC level was an observed variable; Chapter 2 uses the rate of certification for
LTC need to measure the LTC level in each prefecture. Chapter 3 does not discuss this
variable, because the survey was conducted from 1998-2000, when LTC insurance had
not yet been implemented in Japan. In Chapter 4, the category certification of LTC was
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evaluated according to the six levels designated by the Japanese Ministry of Health,
Labor and Welfare, which include one support level and five care levels.

This dissertation defined HALE as the length of life in good health, and two
indicators were used: mortality and SRH. Chapter 2 uses the prefectural mortality,
including age-adjusted death rates for males, females, and individuals > 65 years old;
Chapters 3 and 4 use the individual survival time and SRH to measure HALE. Based on
the vital status (alive or deceased) obtained from the municipal resident’ registry,
survival time was defined as the number of days alive during the survey period. SRH of
the participants in the survey was assessed by a single question: “How would you rate

your general health: very good, good, fair, or poor?”
1.6.2 Data Analysis Methods

In this study, the collected prefectural-level and individual-level data were
analyzed by using quantitative methods. Four statistical methods were used including
correlation analysis, factor analysis, survival analysis, and structural equation modeling
(SEM). All the analyses were performed by using the Windows software SPSS 19.0 and
AMOS 17.0.

The final and most important objective is to test the proposed model as mentioned
before by SEM, as the other three methods can provide only basic results. SEM can help
to understand what factors are significantly associated with HALE, as well as the
pathways from SES to HALE among the study participants. The most common method
for SEM is maximum likelihood (ML) estimation. A key assumption for this method is
multivariate normality for exogenous variables. During the parameters’ estimation in
SEM, the optimization algorithm was implemented with no-missing-data parameters,
and a possible presence of multicollinearity among predictor variables is also
considered. The SEM aims to provide the best estimates of the parameters based on
minimizing a function that indexes how well the model fits. By using AMOS, a set of
indices can be provided to measure the model’s goodness-of-fit, including the CMIN
(XZ), Normalized Fit Index (NFI), Comparative Fit Index (CFl), Incremental Fit Index
(IF1), and root mean square error of approximation (RMSEA). A model was considered
to have a good fit when the NFI, CFI, and IFI were > 0.90 and the RMSEA was < 0.05.
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In addition, multi-group analysis was used to determine whether or not the
relationships hypothesized in a model will differ based on the value of gender, age, and
geographic location. The test statistic is a critical ratio (CR), which presents the ratio
between parameter estimates and their standard error. It is similar to the z-statistic in
testing the regression coefficient, which is statistically different from zero if CR > £
1.96 based on a 0.05 significance level by a two-tailed test. Non-significant regression

weights can be considered unimportant in the model and can thus be eliminated**?.
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Chapter 2

Prefectural Mortality in Relationship to
Socioeconomic Status and Long-term Care in

Japan






2.1 Introduction

Populations are aging and life expectancy continues to increase throughout most of
the world due to the profound changes in the prevailing patterns of disease and
morbidity. As one of the fastest aging developed countries, Japan has the longest life
expectancy and healthy life expectancy (HALE) at birth in the world. These
achievements in the Japanese population, particularly in the 1960s and 1970s, are
suggested to be based not only on improvement in the standards of living due to
economic growth but also on a relatively smaller socioeconomic disparity™
2. Nonetheless, significant geographical variation in health levels is found even in Japan.
According to the prefectural estimates published by the Ministry of Health, Labour and
Welfare (2012), HALE at birth by prefecture was found to vary from 68.95 (Aomori
Prefecture) to 71.74 (Aichi Prefecture) for males and from 72.37 (Shiga Prefecture) to
75.32 (Shizuoka Prefecture) for females in 2010 (Figure 2.1).

Variations in individual health levels have been explained by the coexistence of
multiple factors of genetic and constitutional variations, lifestyle, working conditions,
education, income, and other factors. However, when health differences are: (1)
systematic, (2) socially produced (and, therefore, modifiable), and (3) unfair, such
variation in an individual’s health can be viewed as a form of social inequality, i.e.,
health inequality®. Recently, Joumard et al.* reviewed the explanatory factors
highlighted in the literature on life expectancy variations between and within societies.
These researchers considered health status as determined by a combination of health
care resources, lifestyle, and socioeconomic factors. Among them, income per capita,
education, and pollution are the socioeconomic factors most frequently included in
empirical work. Other factors, such as poverty, urbanization, income distribution,
unemployment, ethnic origin and/or religion, and occupational status, are also included
in a few studies. In Japan, a relationship between health and geographic area
characteristics has been elucidated. Systematic studies using municipal data regarding
all causes and cause-specific mortality along with several socioeconomic indicators
showed significant relationships between regional mortality and socioeconomic
characteristics™’. Socioeconomic status (SES) reflects different aspects of social

stratification, and people with low SES have a higher mortality than those with better
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SES. Because no SES index has yet been established for research in Japan, this study
used the traditional SES indicators for analysis, including income, education, and
occupation at the prefectural level.

A small but growing body of literature on socioeconomic inequality in morbidity
among older individuals suggests that social inequality in health persists into old age.
Moreover, frailty among elderly individuals is associated with their SES and is strongly
associated with their health- and home-care utilization®, SES indicators such as
education, income, wealth, and homeownership are predictors of long-term care (LTC)
use; however, the evidence for each indicator being a predictor of LTC is inconclusive.
For example, the income effect refers to the possibility that people with a higher income
might find it easier to pay for LTC, and might therefore, ceteris paribus, be more
inclined to enter residential care. However, a higher income might also facilitate access
to home care services and might therefore assist in delaying residential care entry®. In
2000, the Japanese government introduced LTC insurance for older people requiring
nursing care, and citizens age > 40 years can receive insurance benefits after application
and certification that they require such care. Although the costs of LTC are covered by
public programs for people regardless of their income level, few studies have been
conducted on the association between SES and the LTC application rate. Since LTC
insurance unions are managed by municipalities in Japan, the LTC data require an
application rate so that they can be collected at the prefectural level.

The study of the socioeconomic factors that determine prefectural mortality
variations in Japan is a matter of great interest, because it helps to provide rational
guidance on possible activities to reduce such differences and, in short, to increase the
level of health in the whole population. The purposes of this study were to explore the
distribution of mortality, LTC, and SES among prefectures in Japan from 1995-2005,
and to elucidate the association between SES, LTC, and mortality indictors by using

aggregated panel data. Finally, time trends and gender differences were explored.
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Figure 2.1: Healthy life expectancy (HALE) at birth by gender in 2010. (Source:

Ministry of Internal Affairs and Communications, 2012
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2.2. Methods

2.2.1 Study Units

According to Local Autonomy Law, local public entities in Japan are divided into
two categories. The prefectures of Japan are the country’s 47 first-order subnational
jurisdictions on a state or provincial level: 1 “metropolis” (in Japanese, “fo”), Tokyo; 1
“circuit/territory” (“do”’), Hokkaido; 2 urban prefectures (“fu ), Osaka and Kyoto; and
43 other prefectures (“ken”). There are currently 47 prefectures, increased from 46 in
1972 with the reversion of the Okinawa Prefectures to Japan. Another category consists
of cities, towns, and villages (“shi,” “cho,” and “son”). The 47 prefectures in Japan
were used as units of analysis, which are grouped into nine regions based on their
geographic divisions: Hokkaido, Tohoku, Kanto, Chubu, Kansai, Chugoku, Shikoku,

Kyushu, and Okinawa.

2.2.2 Data Collection

This study adopts a prefecture-based data analysis, considering the influence of
SES on mortality and LTC. We selected seven indicators obtained from multiple data
sources, which were published by government organizations and public institutions for
specific years: 1995, 2000, and 2005. Every conceivable variable of interest was
considered.

Mortality as a dependent variable was explained by a series of indicators in this
study: age-adjusted death rate (per 1,000 people) for males, age-adjusted death rate (per
1,000 people) for females, and death rate for people > 65 years (per 1,000 people). As
the age distributions were different over the study period, age-adjusted death rates by
gender were calculated using Population Censuses data (Ministry of Internal Affairs and
Communication) in 1995, 2000, and 2005; however, the death rates of people > 65 years
old were available only for 2000 and 2005.

Rates of certification for LTC need were calculated by dividing the number of
applications for certification of need for LTC (or support) by the number of insured

people age > 65 years. Data were not available in 1995, because LTC insurance was not
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introduced until April 2000. Data were collected from the Report on Long-term Care
Insurance Operation, Ministry of Health, Labour and Welfare in 2000 and 2005.

Three prefectural SES indicators were used as independent variables: enrollment
rates in higher education (%), per capita income (1,000 yen), and total employment rate
(%). Data for all indicators were obtained in 1995, 2000, and 2005. Enrollment rates in
higher education referred to the percentage of upper secondary school graduates that
moved on to higher education, which were collected from School Basic Survey,
Ministry of Education, Culture, Sports, Science and Technology. Per capita income was
calculated by dividing the aggregated annual taxable income by the total prefectural
population from National Accounts of Japan, Cabinet Office. Total employment rates
reflected the percentage of employed people age 15-65 years in the total workforce,
which were collected from Population Census, Ministry of Internal Affairs and

Communication.

2.2.3 Statistical Methods

Statistical analysis was conducted separately for each of the dependent variables
for each year. First, basic descriptive statistics were calculated. For descriptive
observations and screening purpose, variations of the selected variables in different
years were measured, including the mean, minimum, maximum, standard deviation
(SD), and coefticient of variance (CV). Then, Pearson’s correlation coefficients between
mortality, LTC, and the composite indices of socioeconomic factors were calculated.
Third, variables showing a statistically significant association with dependent variables
in different years were used in linear regression analysis. The regression model
described the linear association between a single SES indicator, LTC application rate,
and mortality. Considering the multicollinearity effects among the three independent
variables, only the simple (univariate) regression analysis was applied. Various tests
were then employed to determine whether the model is satisfactory. If the model is
deemed satisfactory, the estimated regression equation can be used to predict a value of
each dependent variable given known values of the independent variable.

The quintile distributions of the main variables are presented using the Map Win

program. All variables used contained no missing data. All p values are two-tailed. Data
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analyses were performed using the statistical package SPSS 19.0 for Windows.

2.3 Results

2.3.1 Descriptive Characteristics

The mortality, SES, and LTC characteristics of the 47 prefectures are summarized
in Tables 2.1, 2.2, and 2.3 in 1995, 2000, and 2005, respectively. From 1995-2005, the
average levels (mean) of three variables were found to continuously increase: death rate
of individuals > 65 years old, rate of certification for LTC need, and enrollment rate in
higher education; in contrast, four variables were found to continuously decrease:
age-adjusted death rate of both genders, prefectural per capita income, and total
employment rate. Large geographic variations in select variables were observed in each
year. For example, the age-adjusted death rate of the 47 prefectures in 2005 ranged from
5.39 to 7.33 for men, 2.71 to 3.24 for women, and 31.18 to 38.22 for individuals age >
65 years.

Figures 2.2-2.7 show the distribution of mortality, SES, and LTC application rate
in the 47 prefectures in 1995, 2000, and 2005 by Map Win, respectively. Each map
shows the clear geographical difference of each indicator. In accordance with the CV,
the variations of death rate of people age > 65 years and per capita income continuously
widened among the 47 prefectures; in contrast, the variations in age-adjusted death rates
for females, rate of certification for LTC need, and enrollment rate in higher education
narrowed from 1995-2005 (Tables 2.1, 2.2, and 2.3).

Based on the quintile distribution data, each SES indicator was divided into five
levels from lowest (I) to highest (V). The mean and SD of mortality and LTC
application rate by different levels of education, income, and employment in 1995, 2000,
and 2005 are shown in Tables 2.4, 2.5, and 2.6, respectively. The mean and SD of
mortality by different LTC application level is shown in Table 2.7.

54



Table 2.1: Prefectural mortality, SES, and LTC characteristics of Japan in 1995.

Mean Minimum Maximum SD cv
Mortality
Age-adjusted death rate, males 7.16 6.18 8.62 0.41 5.77
Age-adjusted death rate, females 3.78 3.23 5.01 0.26 6.74
Death rate of people > 65 years old — — — — —
LTC
Rate of certification for LTC need — — — — —
SES
Enrollment rate in higher education 37.00 22.90 47.20 6.62 17.88
Prefectural per capita income 2867.70 2136.00 4273.00  397.79 13.87
Total employment rate 63.60 58.30 68.00 2.32 3.65

Table 2.2: Prefectural mortality, SES, and LTC characteristics of Japan in 2000.

Mean Minimum Maximum SD Ccv
Mortality
Age-adjusted death rate, males 6.36 5.80 7.56 0.32 5.07
Age-adjusted death rate, females 3.20 2.87 3.48 0.15 4.72
Death rate of people > 65 years old 34.82 32.04 37.24 1.21 3.47
LTC
Rate of certification for LTC need 11.49 8.27 16.23 1.81 15.77
SES
Enrollment rate in higher education 43.64 31.10 55.60 6.78 15.53
Prefectural per capita income 2866.64 2106.00 4573.00 404.24 14.10
Total employment rate 61.74 56.90 66.10 2.27 3.68

Table 2.3: Prefectural mortality, SES, and LTC characteristics of Japan in 2005.

Mean Minimum Maximum SD Ccv
Mortality
Age-adjusted death rate, males 5.98 5.39 7.33 0.34 5.64
Age-adjusted death rate, females 2.96 2.71 3.24 0.13 4.52
Death rate of people > 65 years old 35.50 31.18 38.22 1.69 477
LTC
Rate of certification for LTC need 16.56 12.70 20.93 1.96 11.83
SES
Enroliment rate in higher education 45.48 31.10 58.40 6.71 14.74
Prefectural per capita income 2733.28 2040.00 4497.00 431.52 15.79
Total employment rate 61.10 56.40 64.90 2.05 3.36
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Figure 2.2: Distributions of prefectural mortality of Japan in 1995.
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Figure 2.3: Distributions of prefectural SES of Japan in 1995.
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Figure 2.4: Distributions of prefectural mortality and LTC of Japan in 2000.
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Enrollment rate in higher education (%), 2000
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Figure 2.5: Distributions of prefectural SES of Japan in 2000.
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Age-adjusted death rate per 1,000 people, males, 2005
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Figure 2.6: Distributions of prefectural mortality and LTC of Japan in 2005.
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Figure 2.7: Distributions of prefectural SES of Japan in 2005.
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Table 2.4: Descriptive characteristics of mortality and LTC indicators by

prefectural education levels in Japan.

Enrollment rate in higher education: Mean (SD) Corrlation
Year Mortality and LTC indicators fici
I I m v v coefficient
Age-adjusted death rate, males 7.24(0.44) 7.18(0.44) 7.28(0.31) 6.96(0.18) 7.14(0.59) -0.076
1995
Age-adjusted death rate, females 3.71(0.21) 3.77(0.22) 3.83(0.18) 3.76(0.15) 3.87(0.45) 0.239
Age-adjusted death rate, males 6.48 (0.44) 654(0.20) 6.33(0.32) 6.26 (0.30) 6.17 (0.13) -0.399**
Age-adjusted death rate, females 3.17(0.17) 3.19(0.14) 3.28(0.14) 3.19(0.17) 3.19(0.14) 0.088
2000

Death rate of people > 65 yearsold ~ 34.12 (1.29) 35.43 (1.28) 35.27 (1.12) 34.78 (1.38) 34.66 (0.51) 0.105

Rate of certification for LTC need 11.88(1.88) 12.65(2.02) 10.6(1.88) 11.49(1.53) 10.97(1.31) -0.287

Age-adjusted death rate, males 6.22 (0.49) 6.12 (0.22) 5.96(0.27) 5.86(0.24) 5.73(0.14) -0.502**
Age-adjusted death rate, females 298 (0.12) 2.88 (0.12) 3.05(0.15) 2.94(0.14) 2.94(0.10) 0.007
2005
Death rate of people > 65 yearsold ~ 35.37 (1.78) 36.60 (0.73) 35.84 (2.08) 34.88(1.95) 34.78(1.08) -0.210
Rate of certification for LTC need 16.79 (1.22) 17.49 (1.54) 15.60 (2.47) 16.99 (2.44) 15.99 (1.55)  -0.146
*%p<0.01.

Table 2.5: Descriptive characteristics of mortality and LTC indicators by

prefectural income levels in Japan.

Prefectural per capita income: Mean (SD)

Year Mortality and LTC indicators ;Z?rfliiit;?:
I I i1} v \'4
Age-adjusted death rate, males 7.34(0.46) 7.32(0.21) 6.95(0.21) 7.11(0.70) 7.11(0.29) -0.164
e Age-adjusted death rate, females 3.71(0.27) 377(0.06) 3.73(0.14) 3.86(0.50) 3.88(0.15)  0.270
Age-adjusted death rate, males 6.64 (0.43) 6.40(0.17) 6.26(0.26) 6.26(0.18) 6.21(0.32) -0.385**
200 Age-adjusted death rate, females 319(0.17) 3.15(0.12) 3.22(0.15) 3.22(0.14) 3.22(0.19)  0.191

Death rate of people > 65 yearsold ~ 35.05 (1.57)  34.6 (1.23) 35.42(0.91) 34.77(1.07) 34.14(0.97) -0.192

Rate of certification for LTC need ~ 13.41 (1.47) 11.92 (1.20) 1157 (152) 10.17 (1.75) 10.14(0.72) -0.595%*

Age-adjusted death rate, males 6.27 (0.48) 597(0.16) 5.94(0.29) 5.86(0.24) 5.83(0.28) -0.431**

Age-adjusted death rate, females 2.96 (0.14) 2.90(0.11) 296(0.14) 3.00(0.13) 3.00 (0.16) 0.107
2005

Death rate of people > 65 yearsold ~ 35.76 (1.63) 36.11 (1.33) 35.93(1.29) 35.30(1.83) 34.33(2.04) -0.352*

Rate of certification for LTC need ~ 17.59 (1.23) 17.40 (1.49) 16.83 (2.22) 15.35(2.19) 15.46 (1.61) -0.407**

*p<0.05; **p<0.01.
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Table 2.6: Descriptive characteristics of mortality and LTC indicators by

prefectural employment levels in Japan.

Total employment rate: Mean (SD)

Year Mortality and LTC indicators Ccooe:,_rfliigon:
I o m N \'
Age-adjusted death rate, males 7.35(0.52) 7.32(0.45) 7.11(0.25) 7.03(6.94) 6.94(0.42) -0.398**
199 Age-adjusted death rate, females 3.85(0.45) 3.80(0.17) 3.78(0.10) 3.76(3.71) 3.71(0.18) -0.201
Age-adjusted death rate, males 6.49 (0.21) 6.41(0.32) 6.46 (0.44) 6.22(6.19) 6.19(0.30) -0.365*
Age-adjusted death rate, females 3.27(0.08) 3.16(0.17) 3.19(0.16) 3.22(3.16) 3.16(0.18) -0.141
2000 Death rate of people > 65 yearsold ~ 35.56 (0.94) 34.34 (1.48)  34.92 (1.38) 34.49 (34.68) 34.68 (0.93) -0.200
Rate of certification for LTC need 12.91 (1.48) 12.68 (1.53) 11.37(1.56) 9.67 (10.65) 10.65(1.18) -0.602**
Age-adjusted death rate, males 6.16 (0.19) 5.91(0.27) 6.12(0.46) 5.93(5.75) 5.75(0.25) -0.345*
20 Age-adjusted death rate, females 3.03(0.07) 2.92(0.12) 2.93(0.15) 2.97(2.95) 2.95(0.17) -0.173

Death rate of people > 65 yearsold ~ 36.18 (1.55) 34.76 (1.59) 36.52 (0.86) 35.13 (34.73) 34.73(1.78) -0.195

Rate of certification for LTC need 18.23(1.58) 17.75(1.14) 16.90 (1.39) 14.75 (14.94) 14.94 (1.39) -0.691**

*p<0.05; **p<0.01.

Table 2.7: Descriptive characteristics of mortality indicators by prefectural LTC
application rates in Japan.

LTC application rate: Mean (SD)

Year Mortality indicators ;Z;;Iii:;?:
I I m L\ v
Age-adjusted death rate, males 6.20 (0.23) 6.20(0.23) 6.36 (0.33) 6.61(0.14) 6.46(0.44) 0.334**
2000  Age-adjusted death rate, females 3.26 (0.14) 3.18(0.14) 3.20(0.16) 3.24(0.08) 3.13(0.19) -0.208

Death rate of people > 65 yearsold ~ 34.09 (1.27) 34.78 (0.64) 34.71(1.10) 35.97 (1.34) 34.90(1.20)  0.303

Age-adjusted death rate, males 6.23(0.26) 6.20(0.16) 6.26(0.28) 6.63(0.44) 6.46(0.19) 0.235
2005 Age-adjusted death rate, females 3.28(0.14) 3.15(0.13) 3.15(0.12) 3.24(0.18) 3.18(0.16) -0.152

Death rate of people > 65 yearsold ~ 34.29 (1.30) 34.34 (1.30) 34.88(1.41) 35.04(1.29) 35.51(0.86) 0.337*

*p<0.05; **p<0.01.
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Table 2.8 shows the mean and rank of each mortality and LTC indicator of the nine
Japanese regions in 1995, 2000, and 2005. During this period, variations in mortality
indictors in different regions were identified. A stable, higher age-adjusted death rate for
both males and females was observed in Tohoku, whereas stable, lower age-adjusted
death rates were observed for both males and females in Okinawa and Chubu from 1995
to 2005. The death rates of people age > 65 years were consistently high in Shikoku and
Chugoku, while they were low in Okinawa, Hokkaido, and Kanto from 2000-2005. In
Kyushu and Chugoku, the rates of certification for LTC need remained stably high,
while in Kanto, Chubu and Tohoku, the rates remained low from 2000—2005.

The mean and rank of each SES indicator of the nine Japanese regions in 1995,
2000, and 2005 are shown in Table 2.9. Okinawa, Hokkaido, and Tohoku had
consistently lower higher education enrollment rates; conversely, Kansai and Chubu had
stably higher enrollment rates in higher education from 1995-2005. In Okinawa,
Kyushu, and Tohoku, the per capita income remained consistently low, while Kanto,
Chubu, and Kansai had higher per capita income levels from 1995- 2005. Hokkaido had
the most stable lower total employment rate among the nine regions; in contrast, Kanto
and Chubu had higher total employment rates during this period.

In general, the variations in the 47 prefectures and 9 regions showed higher SES
levels and lower mortality and LTC application rates, like in the Kanto and Chubu
regions; and lower SES levels and higher mortality and LTC application rates, as in
Tohoku. However, other regions showed miscellaneous patterns for these two
parameters; for example, Okinawa had a lower SES level and lower mortality and LTC

application rates.
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Table 2.8: Mortality and LTC indicators of 9 regions in Japan.

. . 1995 2000 2005
Indicators Regions
Mean Rank Mean Rank Mean Rank
Hokkaido 7.08 3 6.37 4 6.13 8
Tohoku 7.36 8 6.68 9 6.43 9
Kanto 7.11 4 6.27 2 5.90 3
. Chubu 6.79 1 6.04 1 5.71 1
Age'rzgéf’sr::egeath Kansai 742 9 639 5 591 4
Chugoku 7.19 6 6.43 5 6.04 6
Shikoku 7.18 5 6.46 8 6.12 7
Kyushu 7.31 7 6.45 7 6.00 5
Okinawa 6.79 2 6.33 3 5.77 2
Hokkaido 3.73 5 3.17 5 2.96 5
Tohoku 3.80 7 3.28 8 3.05 8
Kanto 3.89 8 331 9 3.08 9
i Chubu 3.67 3 3.09 2 2.87 2
Agi;gf”;ﬁgls:mh Kansai 407 9 327 6 303 7
Chugoku 3.65 2 3.11 3 2.83 1
Shikoku 3.71 4 3.27 7 3.00 6
Kyushu 3.76 6 3.17 4 2.91 4
Okinawa 3.23 1 2.88 1 2.88 3
Hokkaido — — 32.50 2 33.56 2
Tohoku — — 34.90 6 36.38 7
Kanto — — 34.17 3 34.33 3
Chubu — — 34.44 4 35.21 5
Deitgga;z;rfspoelgple Kansai — — 35.23 7 35.17 4
Chugoku — — 35.75 8 36.47 8
Shikoku — — 36.07 9 37.21 9
Kyushu — — 34.77 5 35.76 6
Okinawa — — 32.38 9 31.78 1
Hokkaido — — 11.48 5 16.45 4
Tohoku — — 11.08 3 16.22 3
Kanto — — 9.23 1 13.99 1
__ Chubu — — 10.37 2 15.15 2
Raizrog‘z”;ﬁ;:;'on Kansai S 1116 4 1727 5
Chugoku — — 12.91 7 18.14 8
Shikoku — — 12.53 6 18.57 9
Kyushu — — 13.57 8 18.13 7
Okinawa — — 16.23 9 17.32 6
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Table 2.9: SES indicators of 9 regions in Japan.

Indicators  Regions 199 2000 2005

Mean Rank Mean Rank Mean Rank

Hokkaido 28.50 7 35.40 7 36.40 8

Tohoku 27.87 8 34.22 8 37.60 7

Kanto 35.39 5 45,53 4 48.64 3

~ Chubu 41.20 2 47.37 2 49.41 2

i?;ﬁ:?‘:g;é;i: Kansai 42.63 1 50.94 1 52.31 1

Chugoku 39.36 4 44,76 5 45.58 5

Shikoku 40.10 3 46.23 3 46.63 4

Kyushu 35.16 6 38.44 6 39.81 6

Okinawa 22.90 9 31.10 9 31.10 9

Hokkaido 2775.00 5 2714.00 5 2507.00 5

Tohoku 2629.67 7 2623.00 7 2430.33 7

Kanto 3371.29 1 3326.71 1 3196.14 1

Chubu 3053.67 2 3102.56 2 2979.67 2

F;gi?:gﬁg Kansai 3023.71 3 2978.43 3 2005.29 3

Chugoku 2776.60 4 2778.40 4 2657.40 4

Shikoku 2637.50 6 2678.00 6 2473.25 6

Kyushu 2487.43 8 2501.57 8 2375.43 8

Okinawa 2136.00 9 2106.00 9 2040.00 9

Hokkaido 61.60 7 59.70 7 58.70 9

Tohoku 63.68 4 62.05 3 60.92 3

Kanto 65.10 2 63.41 2 62.73 2

Chubu 66.51 1 64.51 1 63.68 1

Total er:;'i’fyme”t Kansai 61.87 6 60.00 5 59.59 7

Chugoku 63.92 3 61.64 4 60.78 4

Shikoku 62.15 5 59.98 6 59.25 8

Kyushu 61.23 8 59.61 9 59.60 5

Okinawa 61.20 9 59.70 7 60.10 6
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2.3.2 Correlation Analysis Results

Correlation coefficients between mortality, LTC indicators, and enrollment rates in
higher education are shown in Table 2.4. In 1995, education level showed no significant
relationship with mortality. In contrast, in 2000, education level was statistically
significantly and strongly (r = -0.40) associated with age-adjusted death rate for males.
In 2005, the enrollment rate in higher education was also negatively and strongly
associated with age-adjusted death rate for males (r = -0.50); moreover, the coefficient
in 2005 was larger than it was in 2000. Nevertheless, education level did not show a
close or significant correlation with age-adjusted death rate in females over time.

Regarding prefectural income level (Table 2.5), in 1995, no close correlations were
observed between per capita income and any mortality indicator. In 2000, per capita
income was negatively and strongly associated with age-adjusted death rate for males (r
= -0.39) and rate of certification for LTC need (r = -0.50). In 2005, per capita income
had significant and strong relationships with age-adjusted death rate for males, and the
coefficient was larger (r = -0.43) than it was in 2000. Moreover, significant correlations
also appeared between per capita income and death rates of individuals age > 65 years (r
= -0.35) and rates of certification for LTC need (r = -0.41). Nevertheless, no association
between per capita income and age-adjusted death rate was observed for females during
this period.

Correlation coefficients between each mortality indicator and total employment
rate are shown in Table 2.6. In 1995, a strong, significant correlation between total
employment rate and age-adjusted death rate for males (r = -0.40) was identified. In
2000, total employment rate was found to be strongly and significantly associated with
age-adjusted death rate for males (r = -0.37) and rate of certification for LTC need (r =
-0.60). In 2005, total employment rate had significantly negative and strong associations
with age-adjusted death rate for males (r = -0.35) and rate of certification for LTC need
(r = -0.69). For women, total employment rate was not associated with age-adjusted
death rate over time.

A stronger positive correlation between age-adjusted death rate for males and LTC

application rate was identified in 2000 (r = 0.33). In 2005, there was a stronger positive
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correlation between the death rate of people age > 65 years and rate of certification for
LTC need (r = 0.34) (Table 2.7).

2.3.3 Regression Analysis Results

Table 2.10 shows the final results of the simple regression analysis conducted on
the age-adjusted death rate for males, including independent socioeconomic indicators
and LTC, which have shown statistically significant associations in the correlation
analysis. There were significant inverse associations between all the socioeconomic
factors (enrollment in higher education, higher per capita income, and total employment
rate) and the age-adjusted death rate for males. As shown in Table 2.10, the enrollment
in higher education in 2005 was the variable that most strongly influenced the
geographical distribution of age-adjusted death rate for males, which accounted for 24%
of the variance in these rates. From 1995 to 2005, the effects of enrollment in higher
education and per capita income on the variations in age-adjusted death rates for males
increased. However, in the same period, the effect of total employment rate decreased.
As the LTC application rate increased, the age-adjusted death rate for males was
expected to increase, and 10% of the variance could be accounted for by the LTC
application rate in 2000.

Table 2.11 shows the linear regression model of death rate of people age > 65 years
in 2005. As the per capita income increased, the death rate of people age > 65 years was
expected to decrease; moreover, 10% of the variance of death rate of individuals > 65
years could be accounted for by the per capita income in 2005. Moreover, as the LTC
application rate increased, the death rate of people age > 65 years was expected to
increase.

Table 2.12 shows the final regression models on the rate of certification for LTC
need in 2000 and 2005, respectively. There were inverse associations between two
socioeconomic factors (higher per capita income, and total employment rate) and the
rates of certification for LTC need. Total employment rate in 2005 was the most
influential factor on geographic distribution, with a R? of 0.47. Per capita income in
2000 showed a larger influence on the geographic distribution of rate of certification for
LTC need than it did in 2005 (R? of 0.34 vs. R? of 0.15).
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Table 2.10: Results of univariate linear regression analysis: age-adjusted death rate
for males associated with SES and LTC.

Year Variables B SE Exp (B) p -value 95% ClI Adjusted R2
lower upper

1995 Total employment rate -0.071 0.024 -0.398 0.006 -0.120 -0.022 0.140
Enrollment rate in higher education -0.019 0.007 -0.399 0.005 -0.032 -0.006 0.141

2000 Per capita income 0.000 0.000 -0.385 0.008 -0.001 0.000 0.129
Total employment rate -0.052 0.020 -0.365 0.012 -0.092 -0.012 0.114
LTC application rate 0.059 0.025 0.334 0.022 0.009 0.110 0.092
Enrollment rate in higher education -0.025 0.006 -0.502 0.000 -0.038 -0.012 0.236

2005  Per capita income 0.000 0.000 -0.431 0.003 -0.001 0.000 0.168
Total employment rate -0.057 0.023 -0.345 0.018 -0.103 -0.010 0.099

Table 2.11: Results of univariate linear regression analysis: death rate of people >
65 years associated with SES and LTC.

- 95% ClI
Year Variables B SE Exp(B) p-value Adjusted R?
lower upper
2005 Per capita income -0.001 0.001 -0.352 0.015 -0.002 0.000 0.104
LTC application rate 0.291 0.121 0.337 0.021 0.047 0.535 0.094

Table 2.12: Results of univariate linear regression analysis: rate of application for
LTC need associated with SES.

95% ClI

Year Variables B SE Exp(B)  p-value Adjusted R?
loner upper
2000 Per capita income -0.003 0.001 -0.595 0.000 -0.004 -0.002 0.340
Total employment rate -0.480 0.095 -0.602 0.000 -0.672 -0.289 0.348
2005  Per capita income -0.002 0.001 -0.407 0.005 -0.003 -0.001 0.147
Total employment rate -0.660 0.103 -0.691 0.000 -0.867 -0.452 0.466
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2.4 Discussions

We applied a time trend analysis between 1995 and 2005 using annual prefectural
data to show SES, LTC, and mortality variations among the 47 prefectures in Japan. The
study demonstrated that prefectural mortality was associated with SES factors such as
education, income, employment, and LTC application rate, and gender differences

between these associations were also observed during this time period.
2.4.1 SES, LTC, and Mortality Variations in Japan

Possible contributors to the improved health of the Japanese population have been
noted in previous studies. An egalitarian social system and culture appear to contribute
substantially through compulsory education, universal health insurance coverage, public
health services, income-adjusted policy, and strong social relationships to further
improve the health of the population’**, The egalitarian society, however, may be
changing. The economic recession that followed the collapse of the bubble economy in
the early 1990s and the subsequent policies on economics, taxation, and social security
might have contributed to increased socioeconomic inequalities. Following the
crumbling of the lifetime employment system in Japanese companies, the increase in
unstable employment, and the increase in social security costs might have also
accelerated worries about increasing socioeconomic inequalities**®.

SES has been shown, by cross-sectional, longitudinal, and ecological studies, to be
a primary determinant of health'’™*°. The degree of socioeconomic inequalities in a
society is closely linked to the health of the population. The results obtained by
correlation analysis and regression analysis in this study revealed the explanatory
socioeconomic factors for mortality and LTC indicators. In 1995, only the total
employment displayed correlation with age-adjusted death rate for males; in 2000 and
2005, all three SES indicators were found to be inversely associated with age-adjusted
death rate for males. The Pearson’s coefficients showed complicated associations
between SES and mortality over time; for example, the correlation between education
and income and age-adjusted death rate for males became stronger from 1995-2005,

while the association between total employment and age-adjusted death rate for males
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weakened.
2.4.2 Gender Differences in SES-Mortality Associations

With respect to gender differences in the correlation analysis, three SES indicators
significantly associated with age-adjusted death rate for males (income, education, and
employment) did not show significant differences for females during the period from
1995-2005. Although indicators such as death rate of people > 65 years and rate of
application for LTC were not differ by gender, the results suggested that prefectural SES
influenced health level more strongly in men than in women. The finding that male
mortality was predicted by SES more strongly than female mortality is supported by
previous studies?® %!, There are several plausible explanations for this tendency. Firstly,
males were more sensitive to socioeconomic status than females®. Secondly, it could be
related to lifestyle factors such as smoking, unhealthy diet, and alcohol consumption.
Lifestyle factors are important pathways through which SES adversely influences
health?® 2%, In Japan, the percentage of individuals with unhealthy lifestyle, such as
smoking and alcohol consumption, is strikingly lower in females than in males®. The
relatively healthy lifestyle in women may weak the association between SES and
age-adjusted death rate for females. Thirdly, complicated associations existed between
mortality and the different SES indicators. Fukuda et al. (2004) reported that male
mortality is more strongly correlated with income- and education-related indictors than
is female mortality; in contrast, female mortality showed a stronger correlation with
living space-related indicators than did male mortality, due to a longer time spent at
home by females®. Lastly, combined with some individual-level studies, men are more
likely to die earlier than women are, and mortality may be strongly influenced by one’s
sense of well-being in men, while it is more likely caused by actual physical and mental
health status in women?” 28, All the above factors may lead to the gender differences in

the direct effect of SES on mortality.
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2.4.3 SES Effect on Mortality and LTC of the Elderly

The present study revealed that the association between death rate of people age >
65 years and prefectural per capita income became stronger and significant in 2005.
Two other SES indicators, education and employment, are associated in all age groups,
while the death rate of people age > 65 years was an indicator for this older population.
Thus, this gap may explain the insignificant associations. Nevertheless, the SES effect
on mortality of the elderly should be more closely examined, particularly in recent years.
Previous studies on health inequality have primarily focused on the relationship
between SES and premature mortality, and the association tended to be stronger in the
younger population®*. The weak relationship between SES and mortality in the elderly
population could be primarily explained by selective survivor bias, in which vulnerable
people are likely to die before becoming elderly; thus, elderly people are less vulnerable
and represent healthier survivors®* **. However, the relationship is not always weaker in
the elderly population, and inconsistent but substantial evidence exists regarding a
relationship between SES and mortality or morbidity in the elderly®* .

Rate of application for LTC need was chosen as the indicator of prefectural LTC
level and disability status in this study and was found to be significantly associated with
mortality. In addition, the rate of application for LTC need of older people had
associations with employment and income at the prefectural level, but it was not
associated with education level in either 2000 or 2005. This suggests that in Japan,
employment and income of older people are more important predictors for decreasing
the LTC need compared to education level. There are a few plausible explanations for
this tendency. One is the indicator for education that was used — enrollment rate in
higher education — which has a weak effect on application for LTC services for the
elderly. Another explanation addressed the indirect effect of education on LTC
application, because educational attainment as a primary indicator of SES would shape
the ability to get a good job, earn more money, and become informed about healthy
lifestyles. Expected years of life without care needs were calculated and prefectural
distributions were reported in previous studies®” *®; however, the association between
SES and LTC need for the Japanese elderly remains unclear and warrants further

examination. In the LTC field, a consensus exists that disability among the elderly is the
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primary factor driving the demand for LTC services, and there appears to be a consistent

inverse relationship between SES and disability *°.

2.4.4 Study Limitations

The possible geographic differences among areas within a country are of great
interest to public health and health policy as they show the potential for prevention that
still exists. The finding of differences in health within a country, for example, should
suggest consideration of what factors affecting such variations can be modified*:. The
national health plan in Japan, “Health Japan 21,” accompanied by local actions plans,
aims to prolong HALE and eliminate health inequality at both the national and local
levels through disease prevention and health promotion*’. Thus, studying health
disparities by different SES and their trends over time can play an important part in
future health policy. Findings of this study were obtained with reliable mortality, LTC,
and SES data at the prefectural level. Nonetheless, the results should be viewed with
caution.

One limitation is the chosen indicators in this study. Because the selection of both
mortality and SES variables may produce different result patterns, more specific
indicators should be selected for analysis, such as cause-specific death rate, which could
help elucidate more detailed information of mortality. Prefectural indicators
representing SES have not yet been established in Japan, unlike in some countries
where indicators such as deprivation indices have been applied®. In this study, the SES
in a prefecture consists of various aspects (income, education, and employment) that are
correlated with each other and influence mortality and LTC in complicated manners.
Thus, univariate regression analysis was applied only considering the multicollineartiy
effects. As a result, the development of prefecture-based socioeconomic indicators is an
urgent challenge for the study of health inequalities in Japan.

The second limitation is that the observation period is too short to conclude that
health inequalities increased since 1995. Health inequalities should be continuously
monitored.

Thirdly, for natural phenomena, ecological studies have methodological limitations,

including confounding factors and fallacy*. However, the objective is neither to draw
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conclusions about the factors determining the health of people, nor to establish causal
relationships of population health with its related factors, but rather to identify the
socioeconomic factors involved in the differences in mortality distribution at the

prefectural level, particularly in the long term.
2.5 Conclusions

In conclusion, the factors that explain the mortality, LTC, and SES variations in
Japan demonstrated that prefectures that had higher socioeconomic levels and lower
LTC application rates had lower death rates. Future studies with individual-level

analyses should be conducted to provide more conclusive evidence.
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Chapter 3

Healthy Life Expectancy in Relation to
Socioeconomic Status and Physical Health among

Japanese Elderly






3.1 Introduction

Health is a state of complete physical, mental and social well-being, not merely the
absence of disease or infirmity’; thus, three health-related dimensions — namely,
physical health, mental health and social health — can be hypothesized to be associated
with life expectancy. In recent years, the concept of healthy life expectancy (HALE) has
been increasingly used to measure “the equivalent years in full health that a person can
expect to live on the current mortality rates and prevalence distribution of health states

in the population.™

Measurement of a series of indicators, such as self-rated health
(SRH), disability or activity limitation, and the consequences of disease, has shifted the
focus from quantity of life to quality of life*. The population is aging worldwide, and
the health issues of the elderly are becoming of greater concern, especially the HALE of
the elderly.

SRH has been used to measure HALE, mainly because it is easy to measure (it
only requires a single question) and data exists for many populations. Moreover, SRH
was most commonly used to obtain a comprehensive view of the respondent’s overall
well-being with regard to non-fatal health outcome, and it is known to be a strong
predictor of mortality in longitudinal studies*. Using data from the World Value Survey,
Carlson® ® found that, at the national level, SRH correlated well with mortality from all
causes. Similarly, a study in 13 countries of Central and Eastern Europe and the former
Soviet Union found a strong ecological correlation (r = -0.73) between the age- and
sex-standardized prevalence of SRH, and life expectancy’. At the individual level,
although a range of research has shown that SRH correlated well with mortality, the
interpretation of findings on SRH is not always straightforward, as it combines
biological, psychological, psychosocial and other influences®.

In 2001, the World Health Organization (WHO) published the International
Classification of Functioning, Disability and Health (ICF), which consists of two parts:
Functioning and Disability, and Contextual Factors®. The rapid and unprecedented
increase in human life expectancy was associated with profound changes in the
prevailing patterns of disease and disability. Disability is typically assessed by means of
self-reported measures that evaluate the ability to perform a set of tasks needed to

maintain one’s lifestyle in order to live independently®™®. Much evidence has suggested
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that people in poorer physical health are more likely to die', and functional limitation is
most common among the elderly. Becoming disabled is not only associated with
substantial personal costs by reducing employment and income, but also increasing
social cost, like the needs of long-term care and medical expenditures. Therefore, it is
necessary to explore the effect of physical disability on mortality among the elderly.

The other aspect of ICF, Contextual Factors, includes environmental and personal
factors, such as gender, age and income, which are independent of health condition, but
may influence a person’s functionality. Previously, environmental factors including
social and economic factors were thought to influence health; now, reports link
individual socioeconomic status (SES) — measured by educational level, occupational
class and income — to mortality, morbidity, and access to health care services™.
However, the importance of each component may differ between and within countries
and cultures'®,

Japan is the most rapidly aging society in the world, and the Japanese people have
the longest overall life expectancy and HALE at birth. A great deal of attention has been
paid to factors associated with the longevity of people in Japan. The rapid reduction in
mortality rate was attributable to education policies and the narrowing gap in income
after the Second World War®. Although Japan is typically a more egalitarian society
compared to other developed nations, substantial health disparities across regions and
occupations have been documented during the past two decades™ °. The results of a
related ecological study from Fukuda et al.'” indicated the health status of older people
substantially declined because of disadvantageous SES. However, the structural causal
relationship between individual SES and HALE among the Japanese elderly is not
well-understood.

Examining the effects of individual risk factors (e.g. chronic illness and physical
disability) for HALE is not a new concept; however, their combined effect with SES on
HALE is less well-defined. In addition, current studies are largely based on data from
Western nations, and the validity of prior observations needs to be further evaluated
with regard to the influence of SES. The aim of this study was to examine the structural
causal relationships between SES, physical health and HALE, as well as to further

clarify how the effects of SES on HALE interact with gender, age and geographic
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location among the elderly in Japan.

3.2 Data and Methods

3.2.1 Study Design and Subjects

The data in this study was obtained through the project, “A long term follow-up
study of comprehensive health promotion and disease prevention programs for the
elderly supported by public health centers (1998-2000),” supported by a grant-in-aid for
comprehensive research on regional public health from the Ministry of Health, Labour
and Welfare of Japan.

The study area included 16 municipalities of 10 prefectures across Japan, and was
organized through collaboration with local government and public health centers
(Figure 3.1). In order to determine whether geographical positioning was a significant
factor, the target regions were classified into city, town and village. According to the
administrative divisions of Japan, the status of a municipality, if it is a village, town or
city, is decided by the prefectural government. To be recognized as a city, a municipality
must have a population of 50,000 or more, and must meet various other requirements as
well. Towns must also meet certain conditions prescribed by prefectural ordinances.
Generally, a village or town can be promoted to a city when its population increases
above fifty thousand, and a city can (but need not) be demoted to a town or village
when its population decreases below fifty thousand. In terms of regional classification,
two cities, ten towns and four villages were in this study:.

From July 31, 1998 to July 20, 1999, a questionnaire survey was distributed in 16
municipalities to all elderly individuals (aged > 60 years) who lived at home. Of 30,521
eligible elderly individuals, 23,826 elderly (response rate of 78.1%) gave informed
consent to participate in the study and responded to the self-rated questionnaire by mail
and interview with the help of local public nurses. We followed these participants until
June 30, 2000, and ultimately collected data on their vital status through the
municipalities’ registry. Because the baseline survey time differed with each

municipality, the average follow-up time was 512 days, ranging from 326 to 700 days.
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Figure 3.1: The study area included 16 municipalities of 10 prefectures across

Japan.

Respondents younger than 65 years and older than 85 years were excluded from
analyses because, not only is the chronological age of 65 years the accepted definition
of “elderly” in Japan, but also because these age groups have an increased and
indispensable deviation in their measurement variables. In addition, those with missing
gender-data were also excluded, bringing participants to 15,254 individuals. In this
study, we defined ‘young-old’ and ‘old-old’ as aged between 65 to 74 years and between

75 to 84 years, respectively (Table 3.1).

Table 3.1: Study subjects by gender, age and geographic location.

Village Town City Total

(n=1,402) (n=9,825) (n=4,027) (n=15,254)
Y oung-old n 442 3,081 1,165 4,688
Men % 9.4 65.7 24.9 100
(n=16,643) Old-old n 184 1,280 491 1,955
% 9.4 65.5 25.1 100
Y oung-old n 500 3,687 1,687 5874
Women % 8.5 62.8 28.7 100
(n=8,611) n 276 1,777 684 2,737
Old-old 10.1 64.9 25 100
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3.2.2 Data Collection

HALE

In this study, HALE was explained by two indicators: self-rated health (SRH) and
vital status. A single assessment question of “How would you rate your general health:
very good, good, fair or poor?” was used to measure the SRH of the participants. This
information was collected from the questionnaire in the baseline survey.

Based on the vital status (alive or deceased) obtained from the municipal residents’
registry, survival time was calculated by the number of days alive from the baseline

survey period to June 30, 2000.

Physical Health

Two variables of physical health were used in the questionnaire survey: “chronic
iliness” and “physical disability”.

Data on chronic illness were collected by measuring the “degree of pain” and
“comorbidity”. The degree of pain was determined by instructing the individuals to
describe the amount and area of pain (e.g., waist, arthritis, ankle, foot, head, shoulder, or
other) they were currently experiencing. For the presence of each pain, it was rated on a
2-point scale: 0 = no pain and 1 = pain. The overall sum of scores ranged from 0 to 7
with a higher score indicating a high pain risk. In order to have fewer groups in the Cox
regression, it was collapsed into three groups: “1 = 0 point,” “2 = 1 point” and “3 =
higher than 1 point.” The prevalence of comorbidity was determined by instructing the
individuals to answer the question: “Do you have any illnesses under treatment, such as
hypertension, cerebrovascular disease, diabetes mellitus, cardiovascular disease, hepatic
disease or other diseases?” For the presence of each illness, one point was given, and
the overall un-weighted sum of scores ranged from 0 to 5, with a higher score indicating
more diseases. Then, it was collapsed into three level groups: “1 = 0 point,” “2 = 1
point” and “3 = higher thanl point”.

Two indicators were used to figure out the respondent’s level of physical disability:
instrumental activities of daily living (IADL), and bedridden status. The IADL score
was measured via five questions related to instrumental activity'®; “Can you buy

groceries by yourself?” “Can you cook day-to-day meals by yourself?” “Can you
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conduct banking transactions by yourself?” “Can you manage your insurance and
pensions by yourself?” and “Can you read newspapers and books?” Individuals
obtained one point if they could not perform these functions, and overall scores ranged
from 0 to 5, with a higher score indicating a greater level of physical disability.
Cronbach’s alpha coefficient for the reliability of these five items was 0.83, indicating
they had internal consistency for this investigation. The total score was collapsed into
three groups: “1= 0 point,” “2 = 1 point” and “3 = higher than 1 point.” The bedridden
status was measured by asking the question: “Can you toile down and get up from bed,
by yourself, in the daytime?” It was scored using a four-point Likert Scale anchored at
the ends, with 1 = “able to” to 4 = “unable to”. Then, it was also collapsed into three

level groups according to degree, with a higher score indicating a worse status.

Socio-demographic Variables

The demographic information of these subjects, including gender, age and
geographic location, were obtained. Annual income as the indicator of SES was
evaluated from the answer to the question, “How much is your annual income?” and it
was categorized as an 11-level ordinal variable from “less than 1 million Japanese yen”
to “more than 10 million yen.” In Cox regression analysis, it was collapsed into three
groups: “1 = 0-1 million yen,” “2 = 1-3 million yen,” and “3 = higher than 3 million

yen.”

3.2.3 Data Analysis

Firstly, the missing data in variables were dealt with by mean substitution that
replaced the missing value with the mean of the variable. Simple frequency analysis was
performed to examine personal characteristics of all subjects. The significance of
differences between the subgroups (e.g. gender, age and geographic location) were
tested by cross-tabulation and two-tailed chi-squared test. Estimated cumulative
survival rates were calculated by the Kaplan-Meier method, and a log-rank test was
used for testing the association between survival and potential risk variables (including
the physical health variables and socio-demographic variables). All variables were then

entered into the Cox regression model. Hazard ratios (HR) with 95% confidence
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intervals (CI) were calculated to assess the association between predictor variables and
survival. A p-value < 0.05 was considered statistically significant. These analyses were
carried out using SPSS 19.0 for Windows.

To assess the relative impact of SES and physical health on SRH, structural
equation modeling (SEM) was applied for analysis using AMOS 17.0 for Windows. In
SEM analysis, two observed variables (annual income and SRH) and two latent
variables (physical disability and chronic illness) were used. In the hypothetical model
(Figure 3.2), annual income as an exogenous variable was predictive of physical
disability, chronic illness and SRH, while physical disability and chronic illness may be
predictive of SRH. The maximum likelihood (ML) estimation method was used to
estimate the parameters in the model. Tests of significance of the estimated parameters
(path coefficient) were set at a 0.05 level for two-tailed tests. The chi-squared test was
used to evaluate the hypothesized model and its improvement from the independence
model. To address the limitations of the chi-squared test, other alternative model fit
indices such as the Root Mean Square Error of Approximation (RMSEA), the Normed
Fit Index (NFI), and Comparative Fit Index (CFI) were used to assess the model fit.
Modes with NFI and CFI close to 1 are considered to indicate a good fit. An RMSEA
value of less than 0.05 is indicative of the model being a reasonable approximation of
the data'®. In addition, the direct, indirect and total effects of each latent variable on the
SRH were determined by subject subgroups. Group comparison analysis was done to

examine the differences/similarities in the measurement and structural relationship.
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Figure 3.2: Hypothetical model — structural relationships between annual income,

physical disability, chronic illness and SRH.

3.3 Results

3.3.1 Frequency Distribution for Observed Variables

HALE Characteristics of Respondents

During the follow-up period, 307 subjects passed away, with the cause of death
being cancer for 29.0% of the deceased, heart disease for 19.9%, infectious diseases
for 13.4%, cerebrovascular disease for 10.8%, and “other reasons” for the remaining
21.2%. Figure 3.3 shows the distribution of the cause of death by age and gender. The
number of elderly people who died of cancer, heart disease and infectious disease were
higher in young-old elderly men than in other groups, while the number of people who
died of cerebrovascular disease was higher among young-old women than among other
groups. Regarding SRH (Table 3.2), over 70% of the respondents answered that they
were well in the baseline survey, with 9.2% answering “very good” and 63.6%
answering “good”. The remaining 30% reported being in “fair” (18.5%) or “poor”
(8.6%) condition.
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Figure 3.3: Cause of death by gender and age.
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Table 3.2: HALE characteristics of respondents: vital status and SRH.

Total (n =15,254)

Variables Indicators
n %

. alive 14,947 98.0

Vital '
ftal status deceased 307 2.0
poor 1,312 8.6
fair 2,829 18.5

RH '
S good 9,708 63.6
very good 1,405 9.2
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Physical Health Characteristics of Respondents
Table 3.3 shows the physical health characteristics of all subjects. In measurement

of the degree of pain, 47.6% scored more than 1 point, while subjects who reported no
pain on any part of their body only accounted for 22.9%. Based on the pre-calculation
result, over 40% reported waist pain and approximately 30% reported they had arthritis
pain. Over 60% of the subjects reported they had at least one disease, and 30.5% of
them had hypertension. Most of the subjects had a low score of IADL disability and

bedridden status, indicating they could take care of themselves independently.

Socio-demographic Characteristics of Respondents
Data was available for a total of 15,254 subjects (Table 3.1), of whom 6,643 were

males and 8,611 were females. The mean age was 71.87 (SD = 4.88) in men, 72.16 (SD
= 4.97) in women, and 72.04 (SD = 4.93) in both genders combined. There were 10,562
subjects in the young-old age group, and 4,692 subjects in the old-old age group. As
shown in Table 3.1, 64.4% of the subjects lived in towns, 9.19% lived in villages, and
26.4% lived in cities, respectively.

Table 3.4 shows the distribution of annual income: most participants reported their
income to be between 1 million and 3 million yen, followed by lower than 1 million yen
(25.5%) and higher than 3 million yen (20.0%).
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Table 3.3: Physical health characteristics of respondents.

Total (n = 15,254)

Total (n=15,254)

Variables Indicators Category- before Category- after
n % n %
4 .
waist yes 6,432 422
no 8,822 57.8 0 poi 2495 0
" yes 4,365 28.6 point , :
arthrits no 10889 714
yes 1,930 12.7
ankle no 13,324 873
yes 4,078 26.7
Degree of pain foot no 11,173 73.2 1 point 4,496 29.5
missing 3 0.0
yes 1,333 8.7
head no 13,921 913
o
yes 766 5.0 higher than 1 point 7,263 47.6
other parts no 12,818 84.0
missing 1,670 10.9
yes 4,656 305
h .
lypertension 'no. 10,597 69.5 0 point 5,853 384
missing 1 0.0
. yes 685 45
cerebrovascular disease o 14,560 955
. ) yes 1,091 7.2 .
Comorbidity diabetes mellitus o 14.163 928 1 point 6,946 455
. . yes 1,872 12.3
d lar d
cardiovascular disease o 13382 877
L yes 606 4.0
hepatic disease no 14648 960 higherthanlpoint 2455  16.1
. yes 3,497 229
ther d
otner diseases no 11,757 771
unable to 1,049 6.9
shopping able to 12,609 82.7 .
! it 2
missing 1506 105 0 poin 9633 63
unable to 1,460 9.6
cooking able to 11,943 78.3
missing 1,851 12.1
. . unable to 1,211 7.9 .
IADL disabilty CO“fr‘;‘:s";ﬁgf:sk'”g able to 12178 798  LPom 3956 259
missing 1,865 12.2
managing insurance and unable o 1,795 118
g gension able to 11514 755
P missing 1945 128
unable to 1,605 10.5 higher than 1 point 1,665 10.9
reading able to 11,813 77.4
missing 1,836 12.0
able to (all the time) 11,066 72.5 1 point 12,749 83.6
. . . able to (for a long time) 1,759 115 .
] 2 1,7 11.
Bedridden status Getting UP. and ying c.iown n able to (for a short time) 406 2.7 point 759 5
bed in the day time
unable to 340 2.2 3 point 746 49
missiing 1683 110 P '
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Table 3.4: Socioeconomic characteristics of respondents: annual income.

Total (n=15,254)

Total (n = 15,254
Variables Category-before Category-after otal (n=15,254)

n % n %
0 million 386 25
0-1 million 3,497 22.9 -
1-2 million 3,226 o1q  O-Lmiion 3,883 255
2-3 million 2,289 15
3-4 million 1,510 9.9
Annual income 4-5 million 661 4.3 -
. 1-3 mil 8,318 54.5
(yen) 5-7 million 480 3.1 mifion
6-8 million 137 0.9
8-9 million 92 0.6
9-10 million 56 04 . -
higher than 10 million 117 0.8 higher than 3 million 3,053 20.0
missing 2,803 18.4

3.3.2 Prevalence of Observed Variables in Different Subgroups

Table 3.5 shows the distribution of seven observed variables by gender and age.
Compared to elderly women, more elderly men passed away during the follow-up
period. Surprisingly, more elderly men rated their health as “very good”. Regarding the
physical health indicators, the elderly women reported more pain, more IADL disability,
and a more serious bedridden status compared to the men. The distributions of
comorbidity between each subgroup were almost the same. The gender differences in
vital status, SRH, degree of pain, IADL disability and annual income were statistically
significant (p < 0.001). For the elderly men, the age difference in IADL disability,
bedridden status and annul income was statistically significant, whereas for women, the
age differences in all variables were statistically significant except in degree of pain (p =
0.88).

Table 3.6 shows the distribution of seven observed variables by geographic areas.
Most of the subjects who passed away during the follow-up period lived in towns. The
subjects living in cities were more likely to have rated their health as “good” than other
groups. In addition, subjects with no pain, no disease and no disability were more likely
to have been living in a city than in a town or a village. There were also more subjects
who earned higher than 3 million yen living in cities. All differences between areas and

all observed variables were statistically significant (p < 0.001 and p < 0.01).
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Table 3.5: Distribution of observed variables by gender and age.

Elderly men Elderly women
Young-old (n=4,688) Old-old (n = 1,955) Young-old (n=5,874) Old-old (n = 2,737) p-value
p -value p -value
n % n % n % n %
Vital status
alive 4,574 97.6 1,893 96.8 5,800 98.7 2,680 97.9
p=0.11 p<001 p<0.001
deceased 114 2.4 62 3.2 74 1.3 57 2.1
SRH
poor 412 8.8 179 9.2 465 7.9 256 9.4
fair 775 16.5 357 18.3 1,128 19.2 569 20.8
p=0.24 p<0.01 p<0.001
good 2,989 63.8 1,201 61.4 3,815 64.9 1,703 62.2
very good 512 10.9 218 11.2 466 7.9 209 7.6
Degree of pain
0 point 1,283 274 528 27.0 1,148 19.5 536 19.6
1 point 1,377 294 621 31.8 p=049 1,693 28.8 805 294 p=0.88 p<0.001
higher than 1 point 2,028 433 806 41.2 3,033 51.6 1,396 51.0
Comorbidity
0 point 1,830 39.0 767 39.2 2,305 39.2 951 34.7
1 point 2,060 43.9 843 431 p=0.88 2,713 46.2 1,330 486 p<0.001 p=0.87
higher than 1 point 798 17.0 345 17.6 856 14.6 456 16.7
IADL disability
0 point 2,984 63.7 1,178 60.3 3,898 66.4 1,573 57.5
1 point 1,298 21.7 567 29.0 p<0.05 1,373 234 718 26.2 p<0.001 p<0.05
higher than 1 point 406 8.7 210 10.7 603 10.3 446 16.3
Bedridden status
1 point 3,973 84.7 1,601 81.9 4,982 84.8 2,193 80.1
2 point 493 10.5 246 126 p<0.01 629 10.7 391 143 p<0.001 p=053
3 point 222 4.7 108 5.5 263 45 153 5.6
Annual income
0-1 million 769 16.4 433 22.1 1,753 29.8 928 33.9
1-3 million 2,569 54.8 1,060 54.2 p<0.001 3,176 54.1 1,513 55.3 p<0.001 p<0.001
higher than 3 million 1,350 28.8 462 23.6 945 16.1 296 10.8
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Table 3.6: Distribution of observed variables by geographic location.

Geographic location

Variables Village (n=1,402) Town (n=9,825)  City (1=4,027) P -value
n % n % n %
Vital status
alive 1,383 98.6 9,592 97.6 3,972 98.6
p <0.001
deceased 19 1.4 233 2.4 55 14
SRH
poor 122 8.7 879 8.9 311 1.7
fair 269 19.2 1,870 19.0 690 171
p<0.01
good 864 61.6 6,188 63.0 2,656 66.0
very good 147 10.5 888 9.0 370 9.2
Degree of pain
0 point 342 244 2,064 21.0 1,089 27.0
1 point 459 32.7 2,656 27.0 1,381 34.3 p<0.001
higher than 1 point 601 42.9 5,105 52.0 1,557 38.7
Comorbidity
0 point 528 37.7 3,730 38.0 1,595 39.6
1 point 674 48.1 4,429 45.1 1,843 458 p<0.01
higher than 1 point 200 14.3 1,666 17.0 589 14.6
IADL disability
0 point 760 54.2 5,979 60.9 2,894 719
1 point 449 32.0 2,707 27.6 800 19.9 p<0.001
higher than 1 point 193 13.8 1,139 11.6 333 8.3
Bedridden status
1 point 1,136 81.0 8,157 83.0 3,456 85.8
2 point 195 13.9 1,158 11.8 406 10.1 p<0.001
3 point 71 5.1 510 5.2 165 4.1
Annual income
0-1 million 477 34.0 2,490 25.3 916 22.7
1-3 million 766 54.6 5,340 54.4 2,212 54.9 p<0.001
higher than 3 million 159 11.3 1,995 20.3 899 22.3
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Significant differences were found between different SRH and the five observed
variables listed in Table 3.7 (p < 0.001). The elderly who reported a lower degree of
pain, comorbidity, physical disability and higher income level rated their health as
“good” or “very good”.

Table 3.7: Distribution of observed variables by SRH.

Self-rated health
Variables Poor(n=1,312) Fair(n=2,829) Good (n=9,708) Very good (n=1,405)

n % n % n % n %

p -value

Degree of pain

0 point 168 12.8 296 105 2,304 23.7 727 51.7
1 point 262 20.0 717 253 3161 326 356 25.3 p<0.001
higher than 1 point 882 672 1,816 64.2 4,243 43.7 322 229
Comorbidity
0 point 145 111 500 177 4,238 437 970 69.0
1 point 654 498 1514 535 4,379 45.1 399 28.4 p<0.001
higher than 1 point 513 39.1 815 28.8 1,091 11.2 36 2.6
IADL disability
0 point 343 26.1 1,468 519 6,794 70.0 1,028 73.2
1 point 405 30.9 890 315 2,357 24.3 304 21.6 p<0.001
higher than 1 point 564 43.0 471 16.6 557 5.7 73 52
Bedridden status
1 point 628 47.9 2,114 74.7 8,711 89.7 1,296 92.2
2 point 304 232 530 18.7 835 8.6 90 6.4 p<0.001
3 point 380 29.0 185 6.5 162 17 19 14

Annual income

0-1 million 452 345 922 326 2,219 22.9 290 20.6
1-3 million 710 541 1,485 525 5,373 55.3 750 53.4 p<0.001
higher than 3 million 150 114 422 14.9 2,116 21.8 365 26.0
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In all subjects, significant differences were found between different income levels
and the five observed variables listed in Table 3.8 (p < 0.001). Participants who passed
away within the follow-up period were mostly from the low income group (0-1 million
yen). In addition, elderly in the lower income level also scored higher for the degree of
pain, comorbidity, IADL disability and bedridden status.

Table 3.8: Distribution of observed variables by annual income.

Annual income

Variables 0-1 million (n=3,883)  1-3 million (n = 8,318) higher than 3 million (n =3,053) p- value

n % n % n %

Degree of pain

0 point 750 19.3 1,912 23.0 833 27.3
) p <0.001
1 point 1,199 30.9 2,439 29.3 858 28.1
higher than 1 point 1,934 49.8 3,967 47.7 1,362 44.6
Comorbidity
0 point 1,351 34.8 3,264 39.2 1,238 40.6
. p <0.001
1 point 1,855 47.8 3,744 45.0 1,347 44.1
higher than 1 point 677 17.4 1,310 15.7 468 15.3
IADL disability
0 point 1,896 48.8 5,354 64.4 2,383 78.1
) p <0.001
1 point 1,258 32.4 2,166 26.0 532 17.4
higher than 1 point 729 18.8 798 9.6 138 45
Bedridden status
1 point 2,967 76.4 6,984 84.0 2,798 91.6
) p <0.001
2 point 627 16.1 962 11.6 170 5.6
3 point 289 7.4 372 4.5 85 2.8
Vital status
alive 3,762 96.9 8,169 98.2 3,016 98.8 p<0.001
deceased 121 3.1 149 1.8 37 1.2
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3.3.3 Factors Associated with Mortality

The estimated survival rates of all subjects during the follow-up period were
calculated by Kaplan-Meier method. The differences between each observed variable
were significant by log-rank test (p < 0.001), except for the degree of pain. For example,
Figure 3.4 shows the significant survival differences by income level for both men and
women (p < 0.001), indicating that compared with elderly men, elderly women not only
lived longer, but also showed a smaller gap between different income levels.

The observed variables were entered into a univariate Cox regression model and all
category variables were converted to a set of dichotomous variables indicating presence
versus absence of the categories. Table 3.9.1 shows the mortality hazard ratios
according to each variable by gender. The significant associations of poorer physical
health and lower income level with higher mortality were observed both among men
and women, except the degree of pain. Considering each physical health indicator, the
effect of physical health on mortality was stronger for men. In addition, there was no
significant association with income level (1-3 million versus higher than 3 million) and
mortality for men.

Table 3.9.2 shows the mortality hazard ratios according to each variable by age.
Compared with old-old elderly, the effects of comorbidity, IADL disability, bedridden
status and income level on mortality were higher for young-old elderly. There was no
significant association between income and mortality for the old-old elderly.

Table 3.9.3 shows the mortality hazard ratios according to each variable by
geographic location. As the data from villages show abnormal results, only results for
town and city were presented. Compared with the elderly living in towns, the effects of
comorbidity, IADL disability (1 point versus 0 point) and income level were stronger

for those living in cities, while other variables showed weak effects.
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Figure 3.4: Kaplan-Meier survival curves according to income level for elderly

men and women.
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Table 3.9.1: Independent association of each variable with mortality in crude
model by gender.

Men Women
Predictor variable . 95% CI . 95% ClI
Hazard ratio———  p-value Hazard ratio ———— p -value
Lower  Upper Lower  Upper
Degree of pain (ref: 0 point)
1 point 1.053 0.704 1.576 0.802 1.445 0.872 2.394 0.153
higher than 1 point 1.201 0830 1737  0.331 1.061 0.650  1.732  0.813
Comorbidity (ref: 0 point)
1 point 2.168 1477 3181  0.000 1.882 1210 2926  0.005
higher than 1 point 3.021 1967 4639  0.000 3.044 1846 5021  0.000
IADL disability (ref: 0 point)
1 point 2.188 1515 3160  0.000 2421 1599 3666  0.000
higher than 1 point 7.319 5094 10518  0.000 4.366 2.843  6.706  0.000
Bedridden status (ref: 1 point)
2 point 2.703 1.808 4.042 0.000 1.810 1121 2.921 0.015
3 point 10.030 7.104 14159  0.000 5.400 3452 8448  0.000
Income level (ref: higher than 3 million)
0-1 million 3.445 2226 5333  0.000 2.905 1382 6108  0.005
1-3 million 1.349 0.881 2.064 0.168 2.136 1.026 4.446 0.043

Table 3.9.2: Independent association of each variable with mortality in crude

model by age.
‘Young-old Old-old
Predictor variable . 95% ClI . 95% ClI
Hazard ratio ——— p-value Hazard ratio——— p-value
Lower Upper Lower Upper
Degree of pain (ref: 0 point)
1 point 1.322 0.889 1966 0.169 0.918 0554 1522 0.741
higher than 1 point 1.068 0.730 1564 0.734 1.021 0.644 1620 0.928
Comorbidity (ref: 0 point)
1 point 2.039 1409 2953  0.000 1.909 1.199 3.038 0.006
higher than 1 point 3.385 2245 5104 0.000 2.523 1.477 4307 0.001
IADL disability (ref: 0 point)
1 point 2.343 1.648 3.330 0.000 2.233 1435 3.475 0.000
higher than 1 point 6.572 4634 9.321  0.000 4.086 2,597  6.427  0.000
Bedridden status (ref: 1 point)
2 point 2514 1701  3.715 0.000 1.799 1.092 2962 0.021
3 point 8.484 6.019 11.959 0.000 6.575 4231 10.217 0.000
Income level (ref: higher than 3 million)
0-1 million 3.398 2.078 5,559  0.000 1371 0.781 2405 0.271
1-3 million 1.769 1.090 2872 0.021 0.952 0.553 1.639 0.860
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Table 3.9.3: Independent association of each variable with mortality in crude
model by geographic location.

Village Town City
Predictor variable . 95% ClI . 95% ClI i 95% CI
Hazard ratio————  —p-value Hazard ratio—————  —p-value Hazard ratio————  —p -value
Lower Upper Lower Upper Lower Upper
Degree of pain (ref: 0 point)
1 point 6.843 0.867 54.019 0.068 1.002 0.701 1.434 0.990 1.378 0.678 2.800 0.376
higher than 1 point 5.295 0.670 41.815 0.114 0.883 0.635 1.229 0.461 1.273 0.630 2572 0.501
Comorbidity (ref: 0 point)
1 point 2.371 0.765 7.353 0.135 1.787 1.289 2.476 0.000 3.337 1534 7.259 0.002
higher than 1 point 1.998 0.447 8.928 0.365 2.770 1.922 3992 0.000 5.366 2.297 12.540 0.000
IADL disability (ref: 0 point)
1 point 2.867 1.042 7.889 0.041 2.152 1547 2993 0.000 2.746 1533 4.920 0.001
higher than 1 point 2.000 0.500 7.999 0.327 6.542 4775 8.963 0.000 2.952 1.383 6.300 0.005
Bedridden status (ref: 1 point)
2 point — — — — 2.626 1.867 3.693 0.000 1.987 0.920 4.292 0.081
3 point 3.022 0.881 10.371 0.079 8.205 6.017 11.188 0.000 8.179 4316 15.499 0.000
Income level (ref: higher than 3 million)
0-1 million — — — — 2.206 1475 3.300 0.000 3.832 1438 10.211 0.007
1-3 million — — — — 1.199 0.807 1.782 0.368 2.408 0.934 6.205 0.069

3.3.4 Factors Associated with SRH

Two observed variables (annual income and SRH) and two latent variables
(chronic illness and physical disability) were subjected to SEM analysis. The
statistically best-fitting models were selected and specified causal relationships among

each variable.

Structural Equation Modeling by Gender

First, separated models for all participants by gender were calculated (Figures 3.5.1
and 3.5.2). The data were well fit to the models with goodness-of-fit indices as follows:
NFI = 0.985, CFI = 0.986, IFI = 0.986 and RMSEA = 0.026 for both elderly men and
women. SRH was well-explained by annual income, chronic illness and physical
disability (R*>= 0.59 for elderly men and R?= 0.53 for elderly women). The model
depicted the pathways leading from annual income via chronic illness and physical
disability to the endogenous observed SRH; moreover, chronic illness and physical
disability were directly linked to SRH.

Table 3.10.1 shows the standardized effects of annual income, chronic illness and
physical disability on SRH. The standardized direct effects of chronic illness on SRH

were -0.533 for elderly men and -0.525 for elderly women. Likewise, the standardized
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direct effects of physical disability on SRH were -0.371 for elderly men and -0.321 for
elderly women. Annual income played an indirect role on SRH; the standardized effects
on SRH were 0.150 for elderly men and 0.120 for elderly women. In addition to a direct
effect, chronic illness also indirectly affected SRH via physical disability (-0.147 for
elderly men and -0.142 for elderly women).

Table 3.10.2 shows the standardized estimates of annual income effect on chronic
illness and physical disability. The direct effects of annual income on physical disability
were stronger than the effects on chronic illness for both elderly men and women.

Compared with women, all standardized effects were stronger on men except for
the direct effects of income on chronic illness. Regarding the gender differences by the
pairwise comparison, path coefficients from income to physical disability (CR = 2.049)
and from physical disability to SRH (CR = 2.119) were statistically significant at p <
0.05. However, other path coefficients showed no statistically significant differences by
gender, with CRs < 1.96.
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Figure 3.5.1: Structural relationships among annual income, chronic illness,

physical disability and SRH for elderly men.
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Figure 3.5.2: Structural relationships among annual income, chronic illness,

physical disability and SRH for elderly women.

102



Table 3.10.1: Standardized effects of annual income, chronic illness, and physical

disability on SRH by gender.

SES Chronic illness Physical disability
Standardized effects
Men Women Men Women Men Women
Direct — — -0.533 -0.525 -0.371 -0.321
Indirect 0.150 0.120 -0.147 -0.142 — —
Total 0.150 0.120 -0.680 -0.667 -0.371 -0.321

Table 3.10.2: Standardized effects of annual income on chronic illness and physical

disability by gender.

Chronic illness Physical disability
Standardized effects
Men Women Men Women
Direct -0.054 -0.063 -0.304 -0.243
Indirect — — -0.021 -0.028
Total -0.054 -0.063 -0.325 -0.270
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Structural Equation Modeling by Age

Next, separated models for all participants by age were calculated (Figures 3.6.1
and 3.6.2). The models fit the data very well, with a NFI of 0.985, a CFI of 0.986, an IFI
of 0.986 and a RMSEA of 0.026. All of the loadings included in the models were
statistically significant (p < 0.001). SRH was well-explained by annual income, chronic
illness and physical disability (R*= 0.57 for the young-old elderly and R?= 0.54 for the
old-old elderly). These models describe pathways: (1) starting from annual income via
chronic illness leading to SRH; (2) starting from annual income via physical disability
leading to SRH; (3) starting from annual income via chronic illness and physical
disability leading to SRH; (4) staring from chronic illness leading to SRH via physical
disability; (5) and (6) two direct pathways from chronic illness and physical disability
leading to SRH.

The effects of each variable on SRH were shown in Table 3.11.1. Overall, chronic
illness was the strongest determinant of SRH (-0.546 for young-old elderly and -0.496
for old-old elderly), followed by physical disability (-0.332 for young-old elderly and
-0.361 for old-old elderly). Annual income did not exhibit direct effects on SRH, but did
show indirect effects via chronic illness and physical disability (0.134 for young-old
elderly and 0.138 for old-old elderly).

Table 3.11.2 shows the standardized estimates of annual income effect on chronic
illness and physical disability. Annual income was observed to be significantly
predictive of chronic illness and physical disability, and the effects on physical
disability were stronger for both young-old and old-old elderly.

Regarding the age comparison by pairwise comparison, all path coefficients were

not statistically significant with CRs < 1.96.
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Figure 3.6.1: Structural relationships among annual income, chronic illness,
physical disability and SRH for young-old elderly.
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Figure 3.6.2: Structural relationships among annual income, chronic illness,
physical disability and SRH for old-old elderly.
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Table 3.11.1: Standardized effects of annual income, chronic illness, and physical

disability on SRH by age.

SES Chronic illness Physical disability
Standardized effects
Young-old Old-old Young-old Old-old Young-old Old-old
Direct — — -0.546 -0.469 -0.332 -0.361
Indirect 0.134 0.138 -0.140 -0.153 — —
Total 0.134 0.138 -0.686 -0.649 -0.332 -0.361

Table 3.11.2: Standardized effects of annual income on chronic illness and physical

disability by age.

Chronic illness

Physical disability

Standardized effects
Young-old Old-old Young-old Old-old
Direct -0.065 -0.086 -0.267 -0.229
Indirect — — -0.028 -0.037
Total -0.065 -0.086 -0.295 -0.266
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Structural Equation Modeling by Location
Figures 3.7.1, 3.7.2 and 3.7.3 show the models for the subjects living in villages,

towns and cities, respectively. The models fit the data very well (NFI = 0.981, CFI =
0.983, IFI = 0.983 and RMSEA = 0.024). SRH was well-explained by the three
variables included in the models (R?= 0.52 for the subjects lived in villages, R?= 0.55
for the subjects lived in towns and R*= 0.58 for the subjects lived in cities). These
models describe the same pathways as in the models separated by gender and age.

Standardized estimates of the different variables on SRH by area are included in
Table 3.12.1. Overall, chronic illness was the strongest determinant of SRH (-0.594 for
the elderly lived in villages, -0.501 for the elderly lived in towns and -0.587 for the
elderly lived in cities), followed by physical disability (-0.205 for the elderly lived in
villages, -0.378 for the elderly lived in towns and -0.288 for the elderly lived in cities).
The direct standardized effect of chronic illness on SRH was strongest for the elderly
living in villages, followed by those living in cities. Likewise, the direct standardized
effect of physical disability on SRH was strongest for the elderly living in towns,
followed by those living in cities.

Table 3.12.2 shows the standardized estimates of annual income effect on chronic
iliness and physical disability. The direct effect of annual income on chronic illness was
strongest for the elderly lived in villages (-0.125), and the direct effect on physical
disability was strongest for the elderly lived in towns (-0.268).

Regarding area comparisons, all standardized effects were similar among three
groups, and the differences were not statistically significant, with all CRs < 1.96.
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Figure 3.7.1: Structural relationships among annual income, chronic illness,
physical disability and SRH for the elderly lived in villages.
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Figure 3.7.2: Structural relationships among annual income, chronic illness,
physical disability and SRH for the elderly lived in towns.
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Figure 3.7.3: Structural relationships among annual income, chronic illness,
physical disability and SRH for the elderly lived in cities.

Table 3.12.1: Standardized effects of annual income, chronic illness, and physical

disability on SRH by geographic location.

SES Chronic illness Physical disability
Standardized effects
Village  Town City Village Town City Village Town City
Direct — — — -0.594 -0.501 -0.587 -0.205 -0.378 -0.288
Indirect 0.135 0.138 0.134 -0.099 -0.154 -0.128 — — —
Total 0135 0.138 0.134 -0.693 -0.655 -0.715 -0.205 -0.378 -0.288

Table 3.12.2: Standardized effects of annual income on chronic illness and physical
disability by geographic location.

Chronic illness Physical disability
Standardizes effects
Village Town City Village Town City
Direct -0.125 -0.057 -0.096 -0.236 -0.268 -0.228
Indirect — — — -0.061 -0.023 -0.042
Total -0.125 -0.057 -0.096 -0.296 -0.291 -0.270
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3.4 Discussions

This follow-up study compared correlates of SES, physical health and HALE of
the elderly people in 16 municipalities. The results show significant differences in the
distribution of selected variables among subgroups by gender, age and geographic
location. Despite both SRH and mortality being indicators of HALE, their respective
factors were not the same: the degree of pain was associated with SRH but not with
mortality, while there were significant, direct relationships between income level and
mortality in the Cox regression models, but not with SRH in the structural equation
models.

In this study, the overall survival rate of all participants was 98% during 1998-2000.
Among the various causes of death, cancer was the most frequent, followed by heart
disease, infectious disease and cerebrovascular disease, and the remaining 21.2% were
classified as “others”. Based on the results of survival analysis, those dying within the
follow-up period had worse physical health status; in detail, compared with the elderly
who had no disease, no IADL disability and no bedridden, the elderly who had
disability and disease at different levels had a higher risk of death. For all subjects,
annual income was a significant predictor of mortality, and the hazard ratios became
stronger and more significant after controlling for gender, age and geographic location.
This is in agreement with most studies that reported a strong relationship between
poorer physical health and SES with mortality.

This study demonstrated that physical health (indicated by two latent variables
chronic illness and physical disability) was a strong predictor of SRH. This finding is
supported by some studies showing that SRH of older persons was found to be highly

2022 and functional decline or

correlated with chronic diseases or symptoms
disability®?’. In addition, there is a consistent inverse relationship between SES and
disability worldwide®®. This study also indicated stronger direct effects of annual
income on physical disability and chronic illness. In the preliminary analysis,
interaction between SRH and annual income was significant. However, the SEM
highlighted the indirect relationship between income and SRH. Income is believed to

promote good health by affecting access to adequate physical health care, environment
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quality, nutrition and healthy lifestyle. Future studies should explore the indirect
relationships by using the aforementioned indicators.

The most important findings of this study are the gender, age, and location
differences in the structural relationships between SES, physical health, and HALE of
elderly people in Japan. Compared to men, women tend to experience more chronic
illness and functional disability, and older women have better chances of survival than

1.%° older women have

older men, given a specific health state®®. According to Deeg et a
lived longer and will consider it more likely that they will live longer with health
problems than men will when they have to respond to the SRH questions. In this study,
although elderly women lived longer, they also reported more pain, more IADL
disability and were more seriously bedridden than elderly men. Moreover, elderly
women had worse SRH than elderly men (Table 3.5). The physical health differentials
in both mortality and SRH are generally more pronounced and statistically significant
among elderly men than among elderly women. Although income affected SRH
indirectly, income differentials in both mortality and SRH are also more pronounced
among elderly men subjects. This result is consistent with findings from the United
States, Canada, France, Hungary, England and Wales, and the Nordic nations®* %,
Previous studies indicated that health eventually converges across different SES,
because people inevitably weaken and die in old age, regardless of social class**. This
study showed income differentials in mortality interacted with age, and these results are
consistent with prior findings suggesting the diminishing SES effects on health. As
Table 3.9.2 shows, the effect of annual income on mortality was stronger and significant
for the young-old elderly, rather than the old-old elderly. Although the structural
relationships between annual income, physical health, and SRH showed the age
comparison was not significant, the path coefficients were similar for both age groups.
Thus, the study verified the convergence hypothesis of SES differences in health. In
addition to gender and age comparison, this study showed a significant distribution of
annual income, physical health, mortality, and SRH by geographic area. Compared with
the elderly living in villages and towns, the elderly living in cities had higher income,
had less pain, disease and physical disability, and had better SRH. Furthermore, the

effects of physical health and annual income on mortality were stronger for the elderly
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living in cities. Geographic location represents general socio-demographic level, and
showed a significant effect on the health status of elderly people. The strong association
between a decreased life expectancy and lower socioeconomic conditions was indicated
in a previous study using municipal data in Japan'’. However, there was no statistically
significant difference in the structural relationships between SES, physical health, and
SRH. This is likely due to the fact that the municipalities were classified into three
levels according to the administrative divisions of Japan, but there was no classification
of urban and rural area in this study.

Some limitations of this study should be noted. First, the baseline survey
conducted in 16 municipalities lasted nearly two years, so the follow-up time was
inconsistent among all subjects. Secondly, studies have indicated a higher non-response
rate among individuals with poor physical health and lower income. In our study, it was
decided that missing data was to be replaced by the mean value of each variable, and so
the result might lead to an underestimate of the prevalence of the variables. Lastly, the
data on SES were collected only by individual annual income: the effect of other SES

indicators, such as education and occupation, could not be explained.
3.5 Conclusions

In conclusion, the results revealed SES as the determinant of physical health and
HALE: lower SES of the elderly was associated with an increase in mortality, directly,
and a decrease in SRH, indirectly, via physical health status. The significant
distributions of SES, physical health, and HALE were found by gender, age and

geographic location among the elderly people in Japan.
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Chapter 4

Healthy Life Expectancy in Relation to the
Socioeconomic Status, Physical Health and

Long-term Care among Japanese Elderly






4.1 Introduction

The size and proportion of the aging population is increasing worldwide due to
increasing longevity and declining birth rates. Japan is the most rapidly aging society in
the world. In 1990, elderly people (> 65 years old) represented 12% of the Japanese
general population, and this figure is projected to rise to around 40% in 2050. Japan
currently also has the longest life expectancy (LE) at birth (79.4 years for men and 85.9
years for women in 2011)". However, with an increasing aging population comes an
increasing number of older people who are bedridden, have dementia, and/or are in need
of long-term care (LTC). Thus, whether longer life expectancy is accompanied by good
health among aging population is becoming a great concern.

In 1997, the World Health Organization (WHO) stressed health expectancy as more
important than life expectancy in its World Health Report?; since 2000, estimates of
healthy life expectancy (HALE) have been published for its member states by
calculating the equivalent number of years in full health that a person can expect to live,
based on the current mortality rates and prevalence distribution of health states in the
population®. Japan has the longest HALE in the world (70.4 years for men and 73.6 for
women in 2010), which was defined as the number of years spent free of activity
limitation*. Past research has calculated HALE with Sullivan’s method to show that an
individual can expect to live in a healthy state measured by a series of indicators
ranging from objective measures of physiology, disease, and functional status, to
subjective measures such as self-rated health (SRH). Although HALE is becoming a
standard summary of population full health at both the international and national level
in a variety of applications, including highlighting health inequalities, targeting
resources for health promotion, evaluating the impact of health policies, and planning
for health, social, and fiscal policy®, there are few detailed studies that have objectively
and systematically assessed the overall HALE for the elderly, which is calculated by
combining the individual vital status and SRH status.

A great deal of attention has been paid to factors associated with the longest HALE
in Japan, in part because of the country’s universal health insurance, compulsory
primary education and a general healthy lifestyle. In addition, Japan is not only one of

the most affluent countries in terms of gross national income per capita, but also has less
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apparent social inequalities rather than Western countries®. A series of national health
promotion policies accompanied by prefectural and municipal health promotion plans,
such as “Health Japan 21,” aim to extend HALE and reduce disparities by gender,
socioeconomic factors and geographic areas’. However, the association between
socioeconomic status (SES) and HALE is still disputed in Japan. A previous study
showed that decrease in yearly income and daily activity, as well as poor social support,
especially in the elderly, could disrupt the balance of health®. The results of a related
ecological study indicated the health status of older people was substantially decreased
by disadvantageous SES measured by per capita income and unemployment rate®. In
contrast, it has been reported that in Okinawa, which ranks at the top in life expectancy
for women but at a bottom in socioeconomic indicators, living a healthy lifestyle is
much more important than socioeconomic factors. The magnitude of SES differences in
HALE appears to be influenced by the way in which status and health outcomes are
measured.

In 2000, the Japanese government implemented public long-term care (LTC)
insurance available to those aged 65 years and older who require sustained nursing care
and to those aged 40-64 years with one of 15 specified diseases. From 2000 to 2010, the
number of people certified as requiring LTC increased by about 2.69 million (123%) .
An analysis of national survey data before and after the program was initiated showed
an increased use of formal care at lower cost to households, but mixed results for its
effects on personal careers*?. Evidence from micro-level household data suggests that
introducing the LTC system helped Japanese households to reduce income losses
associated with a disabled family member®®. However, the increased demand for LTC
will result in an increased cost to society, which raises concerns regarding the control of
health-related expenditures. Therefore, it is necessary to explore factors that are
associated with this increased demand for LTC.

In the LTC field, there is a consensus that disability among the elderly is the main
factor driving the demand for LTC services™*. Much evidence has also suggested that
people in poorer physical health are more likely to die’® and activity disability is most
common among the elderly. Globally, disability prevalence rates have been falling

among the elderly’®, and Japan is no exception: Japanese disability prevalence rates
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declined 16.5% over a 10-year period from 1993 to 2002*’. However, another study on
the trends of disability-free life expectancy from 1995 to 2004 showed that the duration
of life with light or moderate disability increased in both Japanese males and females™.
Using the ratio of total number of elderly certified for LTC support/care versus total
elderly population as a measure of disability prevalence, the disability status of the
elderly population in Japan was 9.9% in 2000 versus 16.3% in 2006%. Although
numerous studies have been made on the variables associated with increased health care
needs, such as income, family context and health-related factors, little is known of the
underlying mechanisms or processes of each factor by using structural equation
modeling (SEM) in a chronological study.

To our knowledge, the relationships among SES, physical health, LTC, and HALE
have not been rigorously studied for the elderly; thus, the purpose of this chronological
study was to elucidate the effects of SES, physical health, and LTC on HALE among
suburban elderly in Japan. A series of models explaining the structural relationships
between several related factors were developed and validated by gender and age. Four
hypotheses for HALE were examined: (1) SES would affect HALE either directly or
indirectly; (2) LTC, as determined by SES and physical health, would directly affect
HALE; (3) physical health, as determined by SES, would have a chronological effect on
HALE; (4) gender and age differences in HALE, and its associated factors existed.

4.2 Material and Methods

4.2.1 Study Setting — Tama City

Tama City is located in the northern part of a large area of hills in south-western
Tokyo, Japan, and was classified as a city in 1971. Its southern area forms 60% of Tama
New Town and roughly 70% of Tama City’s population lives in Tama New Town, which
was constructed in the late 1960s and 1970s to create integrated living-working
communities and a pleasant urban environment on the outskirts of Tokyo. The residents
were mostly middle-class citizens. Tama City had 30,672 inhabitants in 1970, and the
number steadily increased until 1990, with the total population peaking at 145,677, in
1994, before sliding to 141,180 as of 2002; this figure has remained relatively stagnant,
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at around 144,000, over the past two decades (Figure 4.1). The decline appears steeper
considering that fewer children are being born, and more of the younger generation has
moved to the center of other big cities for better working and living conditions. Among
its total population, the population aged > 65 years old comprised approximately 3.6%
in 1975, less than the national average of 7.9%. During 1975-1990, the aging rate
increased slowly, but due to the predominant age group of newcomers to Tama City in
the 1970s, the city’s population is now rapidly aging, even faster than the national
average. As Figure 4.1 shows, the aging rate in 1990 was 5.4%, with national average
being 12.1%; this increased to 10.5% in 2000, with the national average increasing to
17.4%, and increased once again to 20.2% in 2010, with the national average moving up
to 23.0%. In 2001, when this study was initiated, the study setting had a total population
of 141,527, of whom 16,164 (11.4%) were aged 65 years or older.

Compared with the LE at birth of Tokyo, the LE at birth of Tama City was higher
for both men and women, with women outliving men, e.g. by 6.2 years in 2005 and 5.7
years in 2010 (Figure 4.2). Although the aging rate of Tama City was 20.6% in 2011
(Table 4.1), the same as that of Tokyo and less the national aging rate (23.6%), the
proportion (12.0%) of the elderly who required the LTC (or support) was less than the
overall proportion in Tokyo (16.6%) and Japan (16.8%).
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160,000 -  Jos 105% 4% u> 65years old (%)
1400007 H Total people
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Figure 4.1: Population aged > 65 years old in Tama City from 1970 to 2010.
(Source: Tama City census, 2012%°))
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Figure 4.2: Life expectancy at birth in Tama City and Tokyo by gender. (Source:
Ministry of Health, Labour and Welfare, 2012 %))

Table 4.1: Status of implementation of long-term care insurance system in Tama
City, Tokyo and Japan in 2011. (Sources: Tama City census, 2012%°; Cabinet Office,
2012%: Ministry of Health, Labor and Welfare, 2011%%.)

Tama city Tokyo Japan
Total population (thousands) 147 12,869 126,180

Number of insured persons = 65 years (thousands) 30 2,615 29,090
(aging rate %) (20.6%) (20.6%) (23.1%)

Number of persons requiring LTC or support (thousands) 3 433 4,872
(%) (12.0%) (16.6%) (16.8%)
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4.2.2 Study Subjects

In September 2001, a questionnaire survey was conducted among all
non-institutionalized elderly (aged > 65 years) residents of Tama City. A sample of
13,195 elderly returned and responded to the self-rated questionnaire by mail (response
rate of 80.2%). In September 2004, a follow-up survey with the same content as the first
survey was sent to the respondents from 2001. Overall, 505 people in this sample had
moved, 914 had died, and 3,218 did not respond. We followed up the remaining 8,558
participants in the second survey until August 31, 2007, and collected data on their vital
status through the municipal residents’ registry. The data from both 2001 and 2004
surveys showed the prevalence of activity limitations and comorbidity among the
elderly associated with advancing age, and the subjects aged > 85 years showed sharply
increased prevalence of activity limitation and comorbidity. Considering the large
deviation in the measurement variables, we limited our analysis to those aged < 85 years,

leaving a total of 7,905 subjects for analysis.

4.2.3 Data Collection

Healthy Life Expectancy (HALE)

In this study, we defined HALE as the expected time living with good or better
SRH. We used a single global assessment question, of “How would you rate your
general health: very good, good, fair or poor?” to measure SRH of the participants. This
information was collected from the questionnaire conducted in 2004. Based on the vital
status (alive or deceased) obtained from the municipal residents’ registry, survival time

was defined as the number of days alive from September 1, 2004 to August 1, 2007.

Long-term Care (LTC) Level

The category certification of LTC was evaluated according to the six levels
designated by the Japanese Ministry of Health, Labour and Welfare in 2004, which
include one support level and five care levels. A respondent that did not receive LTC
scored 0, while a respondent scored 1 if assigned the lightest support level and 6 if

assigned the most severe care level. All subjects were also divided into two simpler
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groups: “no-LTC needs” and “LTC needs.”

Physical Health

Physical health was quantified by physical disability and comorbidity. Physical
disability was defined as a composite index of basic activity of daily living (BADL) and
instrumental activity of daily living (BADL) with a high reliability (Cronbach’s a =
0.81). These indicators were collected from the questionnaire surveys conducted in
2001 and 2004. BADL included three items®: going to the toilet, taking a bath, and
taking a walk outside (Cronbach’s a = 0.77), while IADL included five items®: reading,
grocery shopping, meal preparation, money arrangement and insurance and pension
management (Cronbach’s a = 0.88). Each item was rated on a 2-point response scale (0
= without assistance; 1 = requiring assistance) and summed. BADL scores ranged from
0 to 3 points, while IADL scores ranged from 0 to 5 points, with a higher score
indicating a greater level of physical disability.

Comorbidity was measured by asking the participants if they had been diagnosed
and were currently suffering from four selected diseases — hepatic diseases, diabetes
mellitus, cardiovascular diseases, and cerebrovascular disease — which were
significantly and negatively associated with the length of survival time of the subjects
between September 2004 and August 2007. The data were collected from the
questionnaire surveys administered in 2001 and 2004, and the total number of diseases
reported was summed to create a continuous aggregate score of number of

comorbidities, ranging from 0 to 4.

Socio-demographic Indicators

Socio-demographic information from all participants was obtained, including
gender, age, educational level and annual income. All subjects were divided into two
age groups: “young-old (65-74 years)” and “old-old (75-84 years)” (Table 2).
Educational level and annual income were considered as two main components of SES.
The respondents chose one of the four categories that best corresponded to their and
their spouse’s total annual income in 2001 survey (1 = less than 1 million yen; 2 =
between 1 million and 3 million yen; 3 = between 3 million and 7 million yen; 4 = more

than 7 million yen). Educational level was a three-level ordinal variable (1 = graduated
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from junior high school; 2 = graduated from high school; 3 = graduated from junior
college or higher). Although the educational attainment information was obtained only
in 2004 survey, it was stable for the elderly in both 2001 and 2004.

Table 4.2: Study subjects by gender and age.

Young-old Old-old

Total
65-69 years  70-74years  75-79years  80-84 years

n 1,814 1,074 585 281 3,754
Men

% 48.3 28.6 15.6 75 100

n 1,775 1,141 834 401 4,151

Women

% 42.8 275 20.1 9.7 100

n 3,589 2,215 1,419 682 7,905
Total

% 45.4 28 18 8.6 100

4.2 .4 Statistical Methods

Basic descriptive statistics were generated for the entire sample and stratified by
gender. A y*-test was used to determine whether the men and women were distributed
differently among the categories. Then, factor analysis was applied to identify a few
underlying factors from a large initial set of observed variables. The third analysis
involved survival analysis, and estimated cumulative survival rates were calculated by
Kaplan-Meier Method. A long-rank test was used for testing the association between
survival and potential risk variables. The three analyses were undertaken by SPSS
statistical software (Version 19.0 for Windows).

SEM with AMOS statistical software (Version 17.0 for Windows) was used to
investigate the underlying structure of the relationships among the variables. The term
“structural” indicates that it is assumed that the parameters are not just descriptive
measures of association, but rather that they reveal a certain kind of “causal” relation®.
If an earlier level of a predictor variable is associated with a later variable, we have
evidence to infer that the predictor variable is associated with a later variable®, either
directly or indirectly. In the hypothetical model (Figure 4.3), SES in 2001 as the
exogenous variable was predictive of physical health, LTC, and HALE, and physical
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health measured in the 2001 survey had an effect on the corresponding variable
measured in 2004. Estimation of the best-fitting model was carried out by the method of
maximum likelihood. The optimization algorithm was implemented with no-missing
data parameters. In addition, the direct, indirect, and total effects of each latent variable
on the endogenous variable were determined by subject gender. Group comparison
analysis was done to examine gender differences/similarities in the measurement and
structural relationships. The statistics used for goodness of fit were CMIN (y?),
Normalized Fit Index (NFI), Comparative Fit Index (CFl), Incremental Fit Index (IFI),
and root mean square error of approximation (RMSEA). A model was considered to
have a good fit when the NFI, CFI and IFI were > 0.90, and the RMSEA was < 0.05. A

p value below 0.05 was considered to be statistically significant.

SES 2001 . > HALE
_ \ / PN
Physical health Physical health
status 2001 status 2004

Figure 4.3: Hypothetical model — structural relationships between SES, physical

health, LTC level and HALE.

4.2.5 Ethical Approval

All participants provided written informed consent forms along with their
mailed-in questionnaires in both 2001 and 2004. The study authors signed an agreement

with municipal authorities in which they pledged to protect the confidentiality of the

127



participants’ personal information. In addition, the study protocol was approved by the

Ethics Committee of Tokyo Metropolitan University, Japan.

4.3 Results

4.3.1 Descriptive Analysis Results

The total number of participants was 7,905, which consisted of 3,754 men and
4,151 women, with a mean survival time of 1037.45 days from 2004 to 2007.
Descriptive statistics indicated that all observed variables were distributed significantly
differently by gender and age (Table 4.3). Most of the elderly received lower scores on
all domains of BADL, IADL, comorbidity and LTC level, indicating they could take
care of themselves independently. Approximately four-fifths of all elderly individuals
rated their health as good and very good in 2004, whereas more women rated their
health as fair and poor compared to men. More men than women reported annual
incomes greater than 7 million yen and education levels beyond junior college for both
young-old and old-old groups. The differences by gender of all variables were
statistically significant (p < 0.01), and all age differences for both men and women were
also statistically significant (p < 0.05), except the age difference of BADL score in 2001
for elderly men (p = 0.82).

Table 4.4 shows gender-specific variables and survival status at the end of the
follow-up period of 3 years. During this period, 278 men and 160 women died. Crude
mortality rates were 7.4% and 3.9%, respectively. Of those that passed away, a higher
percentage were of older age, had higher disability and comorbidity scores, higher LTC
levels, poorer SRH, lower income, and lower educational level.

The study sample was split into 7,366 of those in the no-LTC needs group and 539
of those in the LTC needs group in 2004 (Table 4.5). In the LTC needs group, there were
nearly twice as many old-old women (n = 208) and old-old men (n = 90). Moreover,
there were nearly twice as many old-old group (61.5%) as young-old (38.5%) in the
no-LTC group. Compared to the no-LTC needs group, the elderly in the LTC needs
group had higher scores of disability and comorbidity in both 2001 and 2004, and
poorer SRH. The elderly in the no-LTC needs group had attained higher educational
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levels and earned much more money in 2001 than those in the LTC needs group. In the
no-LTC needs group, the significant differences found by gender were that 60.3% of the
men earned an annual income of more than 3 million yen, and 39.5% of the men got a
diploma from at least a junior college, while only 37.5% of the women earned an annual
income of more than 3 million yen, and 5.7% of the women got a diploma from at least
a junior college. The significant gender differences were also found in the LTC needs
group: men graduated from junior high school or lower with 32.3%, while 60.1% of
women responded likewise.

Table 4.6 shows the distribution of physical health status by gender in 2001 and
2004. In terms of the BADL score, the proportion of elderly individuals who scored 0
had decreased by 6.0% for men and 13.6% for women, while the proportions of other
scores increased for both men and women, indicating more elderly individuals need
support in their daily activities. In terms of IADL score in 2004, the proportion of
elderly individuals who scored 0 had decreased by 6.9% for elderly men and 8.7% for
elderly women, while the proportions of other scores increased. The results indicated
that elderly women were more likely than elderly men to experience physical activity
limitation. In 2001, 71.2% of men and 78.1% of women did not have any diseases under
treatment, and the proportion had decreased to 66.1% and 75.9%, respectively, in 2004.
The number of elderly individuals who had at least one disease increased significantly
from 2001 to 2004 (p < 0.001), and the changes for men were wider than for women.

Table 4.7.1 and 4.7.2 show the correlation analysis results for each variable in men
and women. For elderly men, the educational level did not show significant
relationships with comorbidity in both 2001 and 2004, and LTC in 2004, while annual
income level did not show a significant relationship with BADL score in 2001 (Table
4.7.1). However, for elderly women, educational level and income level in 2001 showed
slightly significant relationships with all observed variables (p < 0.01 or p < 0.05)
(Table 4.7.2). For both genders, other observed variables showed significant and strong
correlations. Educational level and annual income level were found to be positive with
SRH in 2004, while BADL score, IADL score, comorbidity and LTC in 2004 showed
negative and stronger correlation (r < -0.30, p < 0.01) with SRH in 2004.
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Table 4.3: Distribution of observed variables by gender and age.

Men (n = 3,754) Women (n = 4,151)
Variables young-old old-old p-value young-old old-old p-value p -value
n % n % n % n %
BADL score 2001
0 2,603 90.1 777 89.7 2,559 87.8 1,053 85.3
1 205 7.1 53 6.1 284 9.7 131 10.6
2 5 0.2 5 06 p=082 7 0.2 7 06 p<0.05 p<0.001
3 10 0.3 5 0.6 5 0.2 13 11
missing 65 2.3 26 3.0 61 2.1 31 25
IADL score 2001
0 2,439 84.5 632 73.0 2,634 90.3 931 75.4
1 267 9.2 123 14.2 118 4.0 104 8.4
2 49 17 23 2.7 37 13 46 3.7
3 37 13 17 2.0 p<0.001 27 0.9 29 23 p<0.001 p<0.001
4 22 0.8 14 1.6 18 0.6 39 3.2
5 26 0.9 14 1.6 13 0.4 32 2.6
missing 48 17 43 5.0 69 2.4 54 4.4
Comorbidity 2001
0 2,089 72.3 582 67.2 2,355 80.8 889 72.0
1 676 234 244 28.2 504 17.3 289 234
2 107 3.7 36 42 p<001 53 1.8 54 44 p<0.001 p<0.001
3 15 0.5 4 0.5 4 0.1 2 0.2
4 1 0.0 0 0.0 0 0.0 1 0.1
BADL score 2004
0 2,533 87.7 620 71.6 2,344 80.4 703 56.9
1 191 6.6 142 16.4 361 124 309 25.0
2 28 1.0 24 2.8 p<0.001 33 11 55 45 p<0.001 p<0.001
3 24 0.8 16 1.8 16 0.5 31 25
missing 112 3.9 64 7.4 162 5.6 137 11.1
IADL score 2004
0 2,269 78.6 541 62.5 2,438 83.6 768 62.2
1 290 10.0 113 13.0 167 5.7 98 7.9
2 67 2.3 38 4.4 59 2.0 65 5.3
3 39 14 23 27 p<0.05 30 1.0 44 36 p<0001 p<0.01
4 35 12 32 3.7 30 1.0 44 3.6
5 35 1.2 26 3.0 28 1.0 66 5.3
missing 153 5.3 93 10.7 164 5.6 150 12.1
Comorbidity 2004
0 1,936 67.0 544 62.8 2,294 78.7 856 69.3
1 773 26.8 265 30.6 531 18.2 318 25.7
2 157 5.4 51 59 p<0.001 86 2.9 56 45 p<0.001 p<0.001
3 21 0.7 6 0.7 5 0.2 5 0.4
4 1 0.0 0 0.0 0 0.0 0 0.0
LTC level 2004
0 2,777 96.2 776 89.6 2,786 95.5 1,027 83.2
1 12 0.4 12 14 29 1.0 39 3.2
2 36 1.2 37 43 60 21 99 8.0
3 30 1.0 20 2.3 p<0.001 17 0.6 22 1.8 p<0.001 p<0.001
4 11 0.4 6 0.7 10 0.3 20 1.6
5 10 0.3 3 0.3 12 0.4 15 1.2
6 12 0.4 12 1.4 2 0.1 13 1.1
SRH 2004
poor 159 5.5 68 7.9 163 5.6 109 8.8
fair 307 10.6 139 16.1 400 137 219 17.7
good 1,613 55.9 428 49.4 p<0.001 1,667 57.2 658 533 p<0.001 p<0.001
very good 760 26.3 199 23.0 634 21.7 215 17.4
missing 49 17 32 3.7 52 1.8 34 2.8
Annual income 2001
< 1 million yen 51 18 26 3.0 218 7.5 182 14.7
< 3 million yen 874 30.3 278 321 1,066 36.6 532 43.1
< 7 million yen 1,403 48.6 429 495 p<0.001 1,064 36.5 235 19.0 p<0.001 p<0.001
> 7 million yen 339 11.7 52 6.0 181 6.2 34 2.8
missing 221 7.7 81 9.4 387 133 252 204
Educational level 2001
junior high school 517 17.9 367 42.4 1,096 37.6 868 70.3
high school 983 34.0 185 214 1,412 484 187 15.1
junior college or higher 1,233 427 241 278 P<000L o 6.9 2 26 P<0001 p<0001
missing 155 5.4 73 8.4 206 7.1 148 12.0
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Table 4.4: Distribution of observed variables and survival status by gender.

Men (n = 3,754) Women (n = 4,151) Total (n = 7,905)

Vaiables n % of deceased n % of deceased n % of deceased p-value
Age 2001 (years)
young old 2,888 5.3 2,916 2.3 5,804 3.8 p <0.001
old-old 866 14.4 1,235 7.4 2,101 10.3
BADL score 2001
0 3,380 7.1 3,612 33 6,992 5.2
1 258 6.2 415 7.2 673 6.8 p<0.001
2 10 30.0 14 14.3 24 20.8
3 15 46.7 18 27.8 33 36.4
missing 91 12.1 92 2.2 183 7.1
IADL score 2001
0 3,071 6.0 3,565 3.2 6,636 45
1 390 10.0 222 6.3 612 8.7
2 72 16.7 83 8.4 155 12.3 p <0.001
3 54 222 56 5.4 110 13.6
4 36 19.4 57 7.0 93 11.8
5 40 325 45 28.9 85 30.6
missing 91 13.2 123 4.9 214 8.4
Comorbidity 2001
0 2,671 5.9 3,244 3.2 5,915 4.4
1 920 10.9 793 53 1,713 8.3 p <0.001
2 143 13.3 107 12.1 250 12.8
3 19 10.5 6 16.7 25 12.0
4 1 0.0 1 0.0 2 0.0
BADL score 2004
0 3,153 4.9 3,047 2.2 6,200 3.6
1 333 17.1 670 6.7 1,003 10.2 p <0.001
2 52 28.8 88 17.0 140 214
3 40 475 47 319 87 39.1
missing 176 18.2 299 6.0 475 10.5
IADL score 2004
0 2,810 5.1 3,206 2.2 6,016 3.6
1 403 6.5 265 5.7 668 6.1
2 105 16.2 124 7.3 229 11.4 p < 0.001
3 62 24.2 74 12.2 136 17.6
4 67 32.8 74 135 141 22.7
5 61 36.1 94 23.4 155 28.4
missing 246 13.4 314 7.6 560 10.2
Comorbidity 2004
0 2,480 5.4 3,150 3.2 5,630 4.2
1 1,038 9.9 849 4.6 1,887 7.5 p<0.001
2 208 16.8 142 12.7 350 15.1
3 27 14.8 10 20.0 37 16.2
1 100.0 0 0.0 1 100.0
LTC level 2004
0 3,553 6.2 3,813 3.0 7366 45
1 24 20.8 68 14.7 92 16.3
2 73 23.3 159 6.3 232 11.6 p <0.001
3 50 32.0 39 7.7 89 21.3
4 17 235 30 30.0 47 21.7
5 13 385 27 40.7 40 40.0
6 24 41.7 15 26.7 39 35.9
SRH 2004
poor 227 31.3 272 18.4 499 24.2
fair 446 14.1 619 4.7 1,065 8.6 p <0.001
good 2,041 4.9 2,325 25 4,366 3.6
very good 959 31 849 1.9 1,808 25
missing 81 16.0 86 9.3 167 12.6
Annual income 2001
< 1 million yen 7 7.8 400 4.3 477 4.8
< 3 million yen 1,152 8.2 1,598 4.2 2,750 5.9 p <0.001
< 7 million yen 1,832 7.0 1,299 2.5 3,131 5.1
> 7 million yen 391 4.3 215 0.5 606 3.0
missing 302 10.9 639 6.6 941 8.0
Educational level 2001
junior high school 884 10.6 1,964 4.9 2,848 6.7
high school 1,168 5.9 1,599 2.4 2,767 3.9 p <0.001
junior college or higher 1474 5.8 234 0.4 1,708 5.1
missing 228 12.7 354 6.8 582 9.1
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Table 4.5: Descriptive characteristics of subjects by gender and LTC needs.

Men (n = 3,754) Women (n = 4,151)
Variables No-LTC need LTC need No-LTC need LTC need
p -value p-value
n % n % n % n %
Age 2001 (years)
young old 2,777 78.2 111 55.2 p <0001 2,786 731 130 38.5 b <0.001
old-old 776 21.8 90 44.8 1,027 26.9 208 61.5
BADL score 2001
0 3,246 91.4 134 66.7 3,372 88.4 240 71.0
1 223 6.3 35 174 355 9.3 60 17.8
2 3 0.1 7 3.5 p<0.001 2 0.1 12 3.6 p<0.001
3 0 0.0 15 75 4 0.1 14 4.1
missing 81 2.3 10 5.0 80 2.1 12 3.6
IADL score 2001
0 3,001 84.5 70 34.8 3,418 89.6 147 435
1 364 10.2 26 12.9 183 4.8 39 115
2 60 1.7 12 6.0 55 1.4 28 8.3
3 31 0.9 23 11.4 p<0.001 24 0.6 32 9.5 p<0.001
4 13 0.4 23 114 23 0.6 34 10.1
5 11 0.3 29 14.4 10 0.3 35 10.4
missing 73 2.1 18 9.0 100 2.6 23 6.8
Comorbidity 2001
0 2,573 72.4 98 48.8 3,050 80.0 194 57.4
1 846 23.8 74 36.8 683 17.9 110 325
2 118 3.3 25 12.4 p<0.001 75 2.0 32 9.5 p<0.001
3 15 0.4 4 2.0 4 0.1 2 0.6
4 1 0.0 0 0.0 1 0.0 0 0.0
BADL score 2004
0 3,118 87.8 35 174 2,992 78.5 55 16.3
1 278 7.8 55 27.4 532 14.0 138 40.8
2 7 0.2 45 22.4 p<0.001 22 0.6 66 195 p<0.01
3 2 0.1 38 18.9 3 0.1 44 13.0
missing 148 4.2 28 13.9 264 6.9 35 10.4
IADL score 2004
0 2,781 78.3 29 144 3,141 82.4 65 19.2
1 388 10.9 15 75 236 6.2 29 8.6
2 96 2.7 9 45 92 24 32 9.5
3 35 1.0 27 13.4 p<0.001 39 1.0 35 104 p<0.01
4 26 0.7 41 20.4 22 0.6 52 154
5 14 0.4 47 23.4 21 0.6 73 21.6
missing 213 6.0 33 16.4 262 6.9 52 15.4
Comorbidity 2004
0 2,403 67.6 77 38.3 2,972 77.9 178 52.7
1 955 26.9 83 41.3 733 19.2 116 34.3
2 175 49 33 16.4 p<0.001 105 2.8 37 109 p<0.01
3 19 0.5 8 4.0 3 0.1 7 2.1
4 1 0.0 0 0.0 0 0.0 0 0.0
SRH 2004
poor 149 4.2 78 38.8 166 4.4 106 31.4
fair 402 11.3 44 21.9 509 133 110 325
good 1,988 56.0 53 26.4 p<0.001 2,228 58.4 97 28.7 p<0.01
very good 951 26.8 8 4.0 835 21.9 14 4.1
missing 63 1.8 18 9.0 75 2.0 11 3.3
Annual income 2001
< 1 million yen 72 2.0 5 25 347 9.1 53 15.7
< 3 million yen 1,064 29.9 88 43.8 1,456 38.2 142 42.0
< 7 million yen 1,759 49.5 73 36.3 p<0.001 1,232 32.3 67 19.8 p<0.001
> 7 million yen 382 10.8 9 4.5 200 5.2 15 4.4
missing 276 7.8 26 12.9 578 15.2 61 18.0
Educational level 2001
junior high school 819 23.1 65 323 1,761 46.2 203 60.1
o high school . 1,121 31.6 47 23.4 p<001 1,523 39.9 76 22.5 p <001
junior college or higher 1,403 39.5 71 35.3 218 5.7 16 4.7
missing 210 5.9 18 9.0 311 8.2 43 12.7
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Table 4.6: Physical health status for subjects in 2001 and 2004 by gender.

Men (n=3,754) Women (n = 4,151)
Variable 2001 2004 2001 2004 p -value
n % n % n % n %
BADL score
0 3,380 90.0 3,153 84.0 3,612 87.0 3,047 734  1)p<0.001
1 258 6.9 333 8.9 415 10.0 670 16.1  2)p<0.001
2 10 0.3 52 14 14 0.3 88 21 3)p<0.001
3 15 0.4 40 1.1 18 0.4 47 11
missing 91 24 176 4.7 92 2.2 299 7.2
IADL score
0 3,071 81.8 2,810 74.9 3,565 85.9 3,206 772  1)p<0.001
1 390 104 403 10.7 222 5.3 265 64 2)p<0.001
2 72 1.9 105 2.8 83 2.0 124 3.0 3)p<0.001
3 54 14 62 1.7 56 13 74 18
4 36 1.0 67 1.8 57 14 74 1.8
5 40 11 61 1.6 45 11 94 2.3
missing 91 2.4 246 6.6 123 3.0 314 7.6
Comorbidity
0 2,671 71.2 2,480 66.1 3,244 78.1 3,150 759 1)p<0.001
1 920 24.5 1,038 27.7 793 19.1 849 205 2)p<0.001
2 143 3.8 208 55 107 2.6 142 3.4 3)p<0.001
3 19 0.5 27 0.7 6 0.1 10 0.2
4 1 0.0 1 0.0 1 0.0 — —

1) Calculated by comparing each variable for men in 2001 and 2004 using Paired-Wilcoxon signed rank
test;

2) Calculated by comparing each variable for women in 2001 and 2004 using Paired-Wilcoxon signed
rank test;

3) Calculated by comparing each variable for all subjects by gender using the x*test.
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Table 4.7.1: Correlations between observed variables for elderly men.

Education level Income level BADL score IADL score Comorbidity BADL score  IADL ~ Comorbidity LTC level SRH
2001 2001 2001 2001 2001 2004  score 2004 2004 2004 2004
Education level 1
2001
Income level o
2001 303 1
BADL score PP )
2001 065 0.011 1
IADL score R ke B ke ke
2001 075 064 373 1
Comorbidity ] : - . o
2001 0.017 052 042 164 1
BADLscore  gegwx  _pparx  330%%  4ggrx  14ge* 1
2004
ADCocot® 72 -066™ 281% 04T 164 664* 1
C°“;‘£jl'd'ty -0.005 -036* 036+ 1530 g87* 184%  200% 1
"Tzcoéi"e' 001 J059%%  390%*  Blowx  137%%  706%%  636%*  163%* 1
;i; .082%* 097** S0B0™  -255%%  _246**  -390**  -366**  -280%*  -305%* 1
*p <0.05; **p<0.01
Table 4.7.2: Correlations between observed variables for elderly women.
Education level Income level BADL score IADL score Comorbidity BADL score  IADL ~ Comorbidity LTC level SRH
2001 2001 2001 2001 2001 2004 score 2004 2004 2004 2004
Education level
2001
Income level .
2001 191 1
BADL score . Py
2001 037 035 1
IADL score R . B ke .
2001 124 133 366 1
Comorbidity ) o : - o o
2001 084 065 089 202 1
BADLSCOT® _ogwx  _qa7+x  gowx  Bpgrx  21gek 1
2004
'ADZ'(‘)SZW LABSRR  ABI%k 41wk 71w 177% 666** 1
Congggi'd'ty -077** S051%  0B7** 170%  g77* 200%% 214w 1
"Tzcoéi"e' 080%%  -002%%  283%%  BATR*  168% 654 B79%k  21gx* 1
;i: 077 079%* S090%%  -279%%  -288%%  _423%*  _3Q3*x  _311%*  .322%% ]

*p < 0.05; **p < 0. 01
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4.3.2 Survival Analysis Results

The estimated survival rates of all subjects during 2004-2007 were calculated by
the Kaplan-Meier method. The differences between gender, age, BADL, IADL,
comorbidity, and LTC needs were found to be significant by a log-rank test (p < 0.001).
Elderly women were found to live longer than elderly men (96.1% versus 92.6%), and
survival rates for the young-old and the old-old were found to be 96.2% and 89.7%,
respectively. Survival rates decreased with higher scores in BADL, IADL, and
comorbidity, in both 2001 and 2004. Survival rate difference between the LTC needs
group and the no-LTC needs group was significant (95.5% versus 80.7%). Trends of
increasing estimated survival rates with increased annual income level (p < 0.01) and
educational level (p < 0.001) were observed among total elderly individuals. Figure
4.4.1 and Figure 4.4.2 show significant survival differences among different income and
educational levels in 2001 by gender. The disparity of survival rate in annual income
level was found to not be significant for men (p = 0.08). The survival curves for
different LTC levels in 2004 by gender (Figure 4.4.3) indicated that, elderly women not
only lived longer, but also showed a smaller gap between no-LTC needs and LTC needs
compared with elderly men.

The observed variables were found to be significant in univariate Cox regression
modeling for both men and women (Table 4.8), except the BADL in 2001 for men (p =
0.18) and annual income in 2001 for men (p = 0.07). Compared with the elderly who
did not have BADL disability, IADL disability, and disease, the people who had
disability and disease at different levels had a higher risk of death. LTC needs appeared
to be most responsible for the observed survival differences, with a hazard ratio (LTC
needs versus no-LTC needs) of 5.23 for men (95% CI: 3.91-7.00) and 4.99 for women
(95% CI: 3.55-7.01). Compared with those who attained an education level of junior
college or higher, those with a junior high education level or lower had 1.87 times of
risk of death for men, and 11.70 times risk of death for women. Elderly women that
earned 3 million yen or higher per year had 47% less risk of death compared to those

earning less than 3 million yen per year.
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Figure 4.4.1: Kaplan-Meier survival curves according to income and educational

levels in 2001 for men.
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Figure 4.4.2: Kaplan-Meier survival curves according to income and educational

levels in 2001 for women.
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Table 4.8: Independent association of each variable with mortality.

Predictor variable Catedory or range - Men - Women
(reference category) gory d Hg;;c" lc’:alt)lo p -value Hg;;g cr?lt)lo p -value
BADL score 2001 (0) 1—3 1.32 (0.88-1.97) p=0.184 2.52 (1.74-3.64) p <0.001
IADL score 2001 (0) 1—5 2.46 (1.90-3.19) p <0.001 2.88 (2.01-4.12) p <0.001
Comorbidity 2001 (0) 1—4 1.96 (1.55-2.49) p <0.001 1.96 (1.41-2.70) p <0.001
BADL score 2004 (0) 1—3 4.80 (3.71-6.22) p <0.001 4.40 (3.17-6.12) p <0.001
IADL score 2004 (0) 1—5 3.06 (2.37-3.94) p <0.001 4.87 (3.48-6.82) p <0.001
Comorbidity 2004 (0) 1—4 2.12 (1.67-2.68) p <0.001 1.86 (1.35-2.57) p <0.001
LTC level 2004 (0) 1—6 5.23 (3.91-7.00) p <0.001 4.99 (3.55-7.01) p <0.001
Educational level 2001
® 1&2 1.87 (1.40-2.51) p <0.001 11.70 (1.63-83.89) p<0.05
o) 183 1.02 (0.74-1.40) p=0915 5.76 (0.79-41.94) p=0.084
Annual incorme 2001 >3 milionyen  0.79 (0.61-1.02) p=0.069 0.53 (0.36-0.79) p<0.01

(< 3 million yen)

*Educational level in 2001 was entered as categorical variable. 1= junior high school or lower; 2= high

school; 3= junior college or higher.

4.3.3 Factor Analysis Results

Factor analysis was performed on a data set of 11 observed variables. The SPSS
software package used in this study included Kaiser-Meyer-Olkin (KMO) measure of
sampling adequacy and Bartlett’s test of sphericity to assess the adequacy of their
correlation matrices for factor analysis. Table 4.9 shows that a KMO of 0.77 with
significance supports a factor analysis of these variables. The factor loadings in the
rotated component matrix (Table 4.10) showed that Factor 1 was characterized by LTC
level in 2004, BADL score and IADL score, in both 2001 and 2004, Factor 2 by
comorbidity in both 2001 and 2004, Factor 3 by annual income and educational level in
2001, and Factor 4 by survival days between 2004 and 2007 and SRH in 2004. They
were defined as four latent variables: “disability in 2001 and 2004 and LTC level,”
“comorbidity in 2001 and 2004,” “SES in 2001,” and “HALE.” The cumulative

contribution proportion of the four latent variables was 67.87%.
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Table 4.9: KMO and Bartlett’s test result.

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.771
Bartlett's Test of Sphericity Approx. Chi-Square ~ 20046.662
df 55
Sig. 0.000

Table 4.10: Factor analysis results — rotated component matrix.

Component

Factor 1 Factor 2 Factor 3 Factor 4
IADL score 2004 0.855 0.240 -0.155 -0.435
LTC level 2004 0.842 0.168 -0.096 -0.399
BADL score 2004 0.812 0.223 -0.177 -0.480
IADL score 2001 0.809 0.214 -0.120 -0.222
BADL score 2001 0.567 0.044 -0.025 0.099
Comorbidity 2004 0.197 0.912 -0.010 -0.199
Comorbidity 2001 0.178 0.910 -0.044 -0.162
Income level 2001 -0.103 -0.037 0.808 0.063
Educational level 2001 -0.096 -0.001 0.807 0.076
Survival days during 2004-2007 -0.214 -0.076 0.034 0.836
SRH 2004 -0.426 -0.427 0.177 0.620
Cumulative contribution % 32.61% 47.29% 58.78% 67.87%

Extraction Method: Principal component;

Rotation Method: Promax.
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4.3.4 Structural Equation Modeling Analysis Results

In order to explore chronological relationships among corresponding variables in
2001 and 2004, and considering the causal effects of physical health on LTC level, we
divided the two latent variables (“disability in 2001 and 2004 and LTC level” and
“comorbidity in 2001 and 2004”) based on the factor analysis results into two latent
variables (“physical health status in 2001 and “physical health status in 2004””) and one
observed variable (“LTC level in 2004”). Four latent variables and one observed
variable were then applied for SEM analyses.

Structural Equation Modeling by Gender
Firstly, separate models for all participants by gender were calculated. Figure 4.5.1

and Figure 4.5.2 represent the final models of the structural relationships of SES,
physical health, LTC level, and HALE for men and women. The models fitted the data
reasonably very well: although the ¥ values were all statistically significant (p < 0.001)
due to the large sample size, other indices showed a good fit (NFI = 0.949; CFI = 0.952;
IF1 = 0.952 and RMSEA = 0.046). HALE as an endogenous latent variable was found to
be well-explained by SES in 2001, by physical health in both 2001 and 2004, and by
LTC level in 2004 (R*= 0.38 for elderly men and R?= 0.74 for elderly women). These
models describe path ways starting from SES in 2001 via physical health in both 2001
and 2004, and LTC level in 2004 leading to HALE. In addition, the paths from SES in
2001 via physical health in both 2001 and 2004 approached LTC level in 2004.

Standardized estimates of the effects of each variable on HALE are presented in
Figure 4.6.1. Overall, SES in 2001 and LTC in 2004 predicted HALE strongly; LTC
was the strongest determinant for men (-0.495), and SES was the strongest determinant
for women (0.642). For both men and women, the indirect SES effects were slight, but
the indirect effects of physical health in both 2001 and 2004 were stronger. In addition,
significant predictive effects were observed from physical health in 2001 to the
corresponding latent variable in 2004 (0.801 for men and 0.853 for women).

Figure 4.6.2 shows the standardized estimates of the SES effect on each variable
except for HALE. SES was observed to be significantly and positively predictive of

LTC level in 2004, and to be significantly and negatively predictive of physical health

141



in 2001. In addition, SES indirectly affected physical health in 2004 and LTC level in
2004, and the indirect effects on LTC level in 2004 were stronger than its direct effect.

Compared with men, all standardized effects were much stronger on women.
Regarding the gender differences by pairwise comparison, path coefficients from SES to
HALE, LTC level in 2004, and physical health in 2001 were statistically significant at p
<0.001 (CR =7.433, CR =4.075 and CR = -6.193). However, the path coefficient from
LTC level to HALE showed no statistically significant difference by gender with CR =
1.310 < 1.96.

Structural Equation Modeling by Age

Separate models for all participants by four age groups were calculated (Figure 4.7.1,
Figure 4.7.2, Figure 4.7.3 and Figure 4.7.4). The models fit the data reasonably well
with NFI of 0.934, CFI of 0.940, IFI of 0.940, and RMSEA of 0.035. HALE as an
endogenous latent variables was found to be well-explained by SES in 2001, by
physical health in both 2001 and 2004, and by LTC level in 2004 (R?= 0.34 for 65-69
years old group, R?= 0.32 for 70-74 years old group, R?= 0.43 for 75-79 years old
group, and R?= 0.34 for 80-84 years old group).

Standardized estimates of the different variables on HALE are presented in Figure
4.8.1. With increased age, the direct and positive effects of SES on HALE decreased,
while the direct and negative effects of LTC on HALE increased. For the path
coefficient from SES to HALE, statistical significances were found between 65-74 years
group with 75-79 years group (CR = -2.859) and 65-74 years group with 80-84 years
group (CR = -2.31); for the path coefficient from LTC to HALE, the statistical
significances were found between each age group (CRs > 1.96). The indirect effects of
physical health in both 2001 and 2004 on HALE were also increased in the advanced
age group.

Figure 4.8.2 shows the findings of standardized estimates of the effect of SES on
each variable except for HALE. SES was observed to be significantly and positively
predictive of LTC level in 2004, and to be significantly and negatively predictive of
physical health in 2001. In addition, the SES was found to affect physical health in 2004
and LTC level in 2004 indirectly, and the indirect effects on LTC level in 2004 were

stronger than the direct effect. However, compared with each age group, the different
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SES effects on disability and comorbidity in 2001 and LTC level in 2004 were not
statistically significant, with all CRs < 1.96.
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Figure 4.5.1: Structural relationships among HALE, SES, physical health, and
LTC level for elderly men.
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Figure 4.5.2: Structural relationships among HALE, SES, physical health, and
LTC level for elderly women.
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Figure 4.6.1: Standardized effects of SES, physical health, and LTC level on HALE
by gender.
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gender.
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Figure 4.7.1: Structural relationships among HALE, SES, physical health, and
LTC level for the 65-69 years old group.
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Figure 4.7.2: Structural relationships among HALE, SES, physical health, and
LTC level for the 70-74 years old group.
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Figure 4.7.3: Structural relationships among HALE, SES, physical health, and
LTC level for the 75-79 years old group.
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Figure 4.7.4: Structural relationships among HALE, SES, physical health, and
LTC level for the 80-84 years old group.
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4.4 Discussions

The study found the causal mechanism of HALE with its related factors, including
SES, physical health, and LTC level, of suburban elderly dwellers in Japan. SES was
found to affect HALE directly and indirectly via physical health and LTC level. Among
all variables, SES as the basic determinant was found to be the strong predictor of
HALE with LTC. Significant gender and age disparities in the structural casual
relationships were observed for each variable. Several distinguishing features of this
study were: (1) a large sample size from a survey cohort tracked over six years; (2)
specific and extensive indicators of HALE and LTC; and (3) gender and age
comparisons.

In general, the impact of SES on HALE has been investigated among the elderly
worldwide, and there appears to be a consistent inverse relationship between SES and
HALE?" ~ %, Previous studies demonstrated that there appears to be a consistent effect of
SES on the length of the period of independence of elderly individuals®. In this study,
SES was observed to be predictive of each variable; in particular, higher individual
income and education level was observed to lead to less chronic diseases and better
performance in daily activities, and would further lead to longer life expectancy of
living with good health. The association between low SES and poorer survival also has
been examined by different measures — for example, by education, occupation, housing
tenure, income, poverty and composite measures®. Although the present study
considered only two indicators of SES — educational level and annual income — it
highlighted the association between SES and health outcome. Educational level as a
stable indicator of SES has a cumulative effect across life, and results indicated that the
hazard ratio for the elderly individuals with lower and middle educational levels,
compared to the elderly with higher levels, was 1.33 (95% CI, 1.03-1.71). This agreed

with the results from Fujino et al. %

, Which suggested that individuals with low levels of
education had an increased overall risk of death (16% and 26% increased risk for men
and women, respectively). As for annual income, the elderly with lower educational
levels had an increased overall death compared with those with higher levels, although
it was not statistically significant for men. The association between SES and HALE

might be a result of a mixture of biological, life-style behavioral, environmental, and
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social factors rather than one single cause. A previous study using the same database
showed that SES had a significant and strong direct effect on healthy dietary and
lifestyle habits, including smoking, drinking and diet**, which might also affect some
chronic diseases, particularly cardiovascular disease and cancers.

The results of this study verified a strong causal association between physical
health and LTC level, so much so that they correspond quite well with actual situations.
In Japan and most other developed countries, the demand for LTC services has been
found to increase as the number of elderly people with disabilities or requiring support
in their ADLs also increase™ **. A chronological study in Japan showed that, from
1995-2004, the number of expected years with activity limitation at birth increased, and
those years in persons with a limitation of some activities also increased®. The causal
mechanisms for all participants revealed that three-year-prior physical health
significantly predicted current corresponding variables. It is important to note that a
deteriorating trend was found for physical functioning status among all subjects in this
follow-up study. From 2001 to 2004, the percentage of the elderly population who
scored 0 points for BADL disability decreased from 88.5 to 78.4%, the percentage who
scored 0 points for IADL disability decreased from 83.9 to 76.1%, and the percentage
who had no disease decreased from 74.8% to 71.2%. Regarding the comparison of
BADL and IADL by gender, the decreases were more prominent in women than in men.
Moreover, the standardized direct effects of physical health in both 2001 and 2004 on
LTC level indicated that with improved physical functioning, the levels of LTC would
be decreased. LTC level indicating the degree of physical disability and diseases, was
found to predict mortality with hazard ratios of 4.65 (95% CI, 3.73-5.79). Therefore, in
order to decrease LTC or support needs and expenditures in the future, it will be
important to improve daily living capabilities and reduce the number of dependent
elderly through better prevention. Prevention is important not only for averting
cost-push pressure on health expenditures, but also for improving people’s HALE®.

Gender disparities in SES in the present study showed that elderly women
achieved a lower educational level and earned less annual income than elderly men.
Although elderly women were found to live longer than men, they were more likely to

experience activity limitation and need more support and care in their daily life. The
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causal mechanisms showed that the significant direct effects of SES on HALE, LTC
level, and physical health were stronger for women than for men. However, the
relationship between mortality and the education-income index was stronger for men
than for women was revealed in another study®®. There are several possible explanations
for this result. One is that gender has been an important principle of stratification
throughout Japanese: the dominant culture template for the role of Japanese women in
society was that of a housewife and a kyoiku mama (“education mother”) before World
War Il. Although women’s status has since developed and improved, wide gaps of SES
between males and females were shown to exist (Table 4.3). For this old generation,
most of the elderly women had few educational opportunities and labor force
participation. Because the question regarding income in the questionnaire included what
the respondent’s partner earns, elderly women who were married and did not work
reported their husband’s income as their own. The significant and strong relationship
between SES and HALE of the elderly women showed that income and education gaps
played a direct role in the HALE differences. Although the husband’s income and
education level are reasonably assumed as alternative measures of women’s SES, other
evaluation of income, such as equivalent income, and other SES indicators, such as
job-type, should be applied in future work.

The decreased effect of SES on HALE with an increase in age was found in this
study, which is in accordance with the convergence hypothesis about SES-Health at
older ages. Representatives of the age-as leveler hypothesis suggest that health
differentials by SES are largest in one’s prime age and then converge at older ages due
to a variety of factors®’ . As the models (Figures 7.1, 7.2, 7.3 and 7.4) showed, the
direct effect of LTC level on HALE increased with an increase in age, but on the other
hand, the indirect effects of physical health also increased at older ages. Although both
SES and physical health status affected HALE of the elderly, the physical health decline
of high SES ended up overriding the significance of SES.

Projections indicate that Japan will continue to be a rapidly aging society, with the
proportion of population aged 65 years and older rising to 25% by 2015, making Japan
the “oldest” country in the world*’. A rapidly aging population as a result of improved

survival also challenges the financing of, and quality of care in, Japan’s health system™".
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This study has several implications: firstly, low educational level was found to lead to a
significantly increased risk of death, even though the inequalities in Japan were relative
lower than other developed countries. Social and political initiatives need to focus on
the association between SES and health outcomes, through intervention at both
individual and national level. Secondly, in the current study, improving physical
functioning and the quality of LTC of the elderly were considered as the most important

actions to improve their HALE.

4.5 Conclusions

In conclusion, this study revealed that elderly people with higher SES were more
likely to live longer with good SRH, via living with lower LTC level, less chronic
diseases, and better performance in daily activities, especially for elderly women. With
an increase in age, a decline in physical health of high SES ended up overriding the
significance of SES on HALE for the Japanese elderly. Future research should be done
to assess more related factors with HALE and more comparisons between sub-groups,

such as by location.
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Chapter 5

Conclusions and Implications






5.1 Framework of Dissertation

This doctoral dissertation is organized by five chapters.

Chapter 1 provided an introduction to five key concepts in the development of this
dissertation: population aging, healthy life expectancy (HALE), socioeconomic status
(SES), long-term care (LTC) level and physical health. Furthermore, the existing
theories on population health status changes (“compression of morbidity”, “expansion
of morbidity” and “dynamic equilibrium”) and the theoretical hypotheses about SES
effects on HALE due to population aging (“status leveling hypothesis”, “cumulative
advantage hypothesis” and “status maintenance hypothesis™”) were discussed. Using
findings from the literature, an international comparison, the trend over time, as well as
gender and age differences were presented. Subsequently, the rationale, objectives,
methods, and hypothetical model of the dissertation were addressed.

Chapter 2 presented an empirical study on “Prefectural mortality in relation to
socioeconomic status and long-term care in Japan”. Prefectures in Japan were used as
units of analysis and seven indicators were obtained from multiple data sources, which
were published by government organizations and public institutions for years centering
on 1995, 2000, and 2005.

Chapter 3 presented a follow-up study on “Healthy life expectancy in relation to
socioeconomic status and physical health among Japanese elderly”. In all, 15,254
individuals aged 65-84 years in 16 municipalities from 10 prefectures in Japan were
included for analysis.

Chapter 4 presented another follow-up study on “Healthy life expectancy in
relation to socioeconomic status, physical health and long-term care levels among
Japanese elderly”. The study objects were 7,905 respondents aged 65-84 years living in
a suburban city of Tokyo. All individuals were followed from 2001 to 2007.

Chapter 5 summarized the most important findings and conclusions based on each

study.
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5.2 Main Conclusions

There were four main objectives of this study: describing the characteristics of SES
and HALE of the Japanese elderly; exploring the associated factors with HALE, as well
as investigating the direct and indirect effect of SES on physical health, LTC level and
HALE; assessing the SES-HALE mechanism differences by gender, age and location;
and shedding light on the need to review strategies for HALE improvement and LTC
prevention.

The preceding chapters reported on the results of various analyses of large-scale
data collected from 47 prefectures, 16 municipalities and a suburban city in Japan. The
following are the results of each chapter:

In Chapter 2, a time trend analysis was applied to show SES, mortality and LTC
variations among prefectures in Japan by using annual prefectural data. From 1995 to
2005, the average death rate of those aged 65 years and older, the rate of certification
for LTC need, and the enrollment rate in higher education were found to be
continuously increased; meanwhile, the age-adjusted death rate for male and female,
prefectural per capita income and total employment rate were found to be continuously
decreased. The variations of death rate of people age > 65 years and per capita income
continuously widened among the 47 prefectures. As a result of correlation analysis, a
decreased mortality was found to be associated with a higher percentage of SES and a
lower rate of certification for LTC. With respect to gender differences, male mortality
was predicted by SES and LTC more strongly than female mortality. Based on linear
regression analysis, the effect of SES on the death rate of the elderly became stronger
and more significant in 2005. In conclusion, prefectures with higher socioeconomic
levels and lower LTC application rates had lower death rates in males and elderly
people in Japan.

Chapter 3 compared the correlation of SES, physical health and HALE of the
elderly people in 16 municipalities in the follow-up study. SES was measured by
individual income, HALE was measured by SRH and survival days, and physical health
status was measured by four indicators — the degree of pain, comorbidity, IADL

disability, and bedridden status. The results showed significant differences in the
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distribution of selected variables among subgroups by gender, age and geographic areas.
Overall, factors related to two indicators of HALE (SRH and mortality) were slightly
different. The degree of pain was associated with SRH but not with mortality: there
were significant direct relationships between income level and mortality in the Cox
regression models, but not with SRH in the structural equation models. Compared with
elderly men, elderly women tended to experience more chronic illness, functional
disability and worse SRH. Income differentials in mortality interacted with age and
indicated that the convergence SES effect on health at older ages. Compared with the
elderly living in villages and towns, the elderly living in cities had higher income, less
pain, less disease, less physical disability, and better SRH. In conclusion, SES as the
determinant of physical health and HALE: lower SES of the elderly was associated with
an increase in mortality, directly, and a decrease in SRH, indirectly, via physical health
status. The significant distributions of SES, physical health and HALE were found by
gender, age and location among the elderly people in 16 municipalities of Japan.
Chapter 4 investigated the causal relationship of HALE with SES, physical health
and LTC level of suburban elderly dwellers in Japan. Two indicators of SES in 2001
(educational level and annual income), two indicators of HALE (SRH in 2004 and
survival days during 2004 and 2007), three indicators of physical health status in both
2001 and 2004 (BADL disability, IADL disability and comorbidity) and LTC level in
2004 were applied for data analysis. SES was found to affect HALE directly and also
indirectly via disability and comorbidity and LTC level. Significant gender and age
disparities in the structural relationships between HALE and its associated factors were
observed for each variable. Although elderly women were found to live longer than men,
they were more likely to experience activity limitation and need support in their daily
life. Significant direct effects of SES on HALE were stronger for women compared to
men. The decreased effect of SES on HALE with increasing age was shown in this
study. In conclusion, the result revealed that elderly people with higher SES were more
likely to live longer with good SRH, via living with lower LTC level, less chronic
diseases and better performance in daily activities, especially for elderly women. With
an increase in age, the physical health of those with high SES declined, which overrode

the significance of SES on HALE for the Japanese suburban elderly.
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5.3 Notable Findings

The distinguishing features of this study are:

(1) Comprehensive data for Japanese elderly were applied using a large sample
size from two follow-up surveys (one survey followed for a duration of 1-2 years, and
the another survey cohort tracked over six years), data were collected during
1995-2007, and the time trend was explored.

(2) Special and extensive indicators of SES and HALE were applied in each study.

(3) Gender, age and area comparisons were specified in each study.

The results of this study showed that in Japan, SES had both a direct and an
indirect effect on HALE in the elderly, interacting with physical health status and LTC
level. The notable findings are as followings, based on the verification of the hypothesis
model (Figure 1.13):

(1) SES was observed to be directly predictive of HALE (Figure 5.1 and Figure
5.3); however, income level was observed to be associated with mortality directly, but
not with SRH directly (Figure 5.2).

(2) SES was observed to be predictive of LTC level directly on both the prefectural
level and the individual level (Figure 5.1 and Figure 5.3); however, the effects were not
strong in general (standardized direct effects < 0.30), except for elderly women
(standardized direct effects = 0.69).

(3) There was a consistent and strong relationship between SES and physical health
(Figure 5.2 & Figure 5.3).

(4) A strong causal association between physical health and LTC level was verified
on the individual level (Figure 5.3).

(5) SES was observed to be indirectly predictive of HALE via LTC level on the
individual level, and LTC level was a strong predictor of HALE (Figure 5.1 and Figure
5.3).

(6) SES was not observed to be predictive of HALE indirectly via physical health
on the individual level, but physical health status did affect HALE significantly (Figure
5.3); however, income levels were observed to be predictive of SRH indirectly via

physical health status of the elderly (Figure 5.2).
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(7) SES was observed to be indirectly predictive of HALE via both physical health
and LTC level, because of the strong association between physical health and LTC level,
and the association between LTC level and HALE (Figure 5.3).

(8) The distributions of SES, HALE, physical health status and LTC level by
gender, age and location were found among the elderly people in Japan.

Firstly, our study revealed that the relationship between mortality and each of the
SES indicators were stronger and more significant for men than for women at the
prefectural level. However, the direct effects of individual SES on HALE were stronger
for women than for men. This is possibly due to the SES measures in the different
studies, as there were no associations between any of the three prefectural SES indictors
(education, income and employment) with mortality for women (Figure 5.1).
Furthermore, there were no significant differences by gender in the relationship between
annual income and SRH (Figure 5.2). In reverse, if all indicators in a latent variable
were combined and the indirect effects were considered, the gender difference in the
relationship between SES and HALE were significant with a stronger effect for elderly
women (Figure 5.3). Elderly Japanese women generally do not work, and rely on their
husband’s income; thus, educational attainment is a reasonably better measure for the
SES of elderly women.

Secondly, the SES differences in physical health and HALE interact with age; in
particular, the effects become smaller at advanced age, or even diminish. However, the
geographic differences of the SES effects on mortality and SRH of the elderly were
observed on both a prefectural and individual level.

Thirdly, the inconclusive relation between health and geographic area
characteristics has been elucidated. On the prefectural level, significant relationships
between each of the SES indicators and mortality showed prefectures which had higher
SES levels and lower LTC levels had lower death rate. On the individual level, the
elderly living in cities had higher income, better physical health and SRH. The effects of
physical health and annual income on mortality were stronger for the elderly living in
cities compared to those living in villages and towns. However, there was no
statistically significant difference in the structural relationships among SES, physical
health and SRH. Thus, the location differences on the SES-HALE associations should
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be further explored.

Last but not least, it was found that the direct effect of SES on HALE becomes
stronger with increased age for the elderly. The data of three studies were collected at
different levels — 47 prefectures, 16 municipalities and one city. The measures of SES
and HALE were different, but nevertheless, SES can be considered as a predictor of
HALE of the elderly people in Japan.

SES Mortality
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1995-2005 1995-2005
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Figure 5.1: The correlations between SES, LTC and mortality in Japan.
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Figure 5.2: The structural relationships among annual income, physical health and

SRH of the individual elderly in Japan.
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Figure 5.3: The structural relationships among SES, physical health, LTC level and
HALE of the individual elderly in Japan.

5.4 Implications

Based on the conclusions shown in each chapter, it was concluded that overall, the
results show that a deeper understanding and awareness of socioeconomic HALE
determinants, including income, education and occupation, will contribute to the
development of a multi-sectorial health policy which will improve the overall health of
the elderly people in Japan. “Social disparities in health” were observed among the
elderly people in Japan, which in the 1980s was regarded as one of the most egalitarian
societies in the world. Considering the social determinants of health and its path ways, it
would be sensible for policy makers to improve the elderly people’s income or career
opportunity through intervention at both individual and national levels. Even if the
education level cannot be changed for the elderly, policy makers can focus on devising
prevention programs that are easily accessible by persons with less education and lower
level of income.

SES had an indirect effect on HALE via physical health and LTC level;
furthermore, disability amongst the elderly is the main factor driving the demand for

LTC services. Thus, in order to decrease LTC needs and expenditures in the future, it
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will be important to improve daily living capabilities and reduce the number of
dependent elderly through better prevention. Prevention will be helpful not only for
improving people’s quality of life, but also for decreasing their cost to society. A trend
for deteriorating physical health status among all subjects was found in the study, and
the significant and strong effect of SES on disability should be considered in planning
intervention measures. To put it briefly, improving SES can reduce the LTC need via
improving the physical health of the elderly at the source of the drain on LTC services.
Long-term care prevention policies might need to provide separate programs for
men and women across different age groups. In Japan, elderly women attain lower
educational levels and earn less than elderly men. Moreover, elderly women were more
likely to experience activity limitations and required increased care due to their
increased life expectancy compared to men. SES differences in HALE are greater in
young-old elderly than in old-old elderly. Thus, prevention should pay more attention to

the elderly women and the young-old elderly.

5.5 Limitations and Future Studies

In Japan’s aging society, a rapid increase in the elderly population is inevitable.
While HALE is a useful measure to assess overall heath, there are suggestions that the
predictive value of HALE for mortality in elderly individuals may not be uniform across
only one aspect of health status. Additional measures should be taken into consideration,
such as mental health and social health, so that individuals can lead longer lives and
experience a higher quality of life. In addition, future research may need to take into
account the complexity of elderly people’s situation, such as their living environment,
marital status, life-style, and even just their age (for those older than 85). In other words,
many different approaches with various factors and data analysis methods need to be
combined to study elderly people with a higher level of external validity and reliability
in the future. Finally, comparison studies should be conducted in other countries
including developed countries and developing countries, in order to explore the SES
effects on HALE of elderly people.

166



ACKNOWLEDGEMENTS

The completion of this dissertation has probably been the most challenging activity
of my life. | knew that | had to finish my doctoral journey in my own time and on my
own terms; however, | could not have succeeded without the support of several people
to whom | am very grateful.

I would like to first express special thanks to my supervisor, Professor Tanji Hoshi.
As a traditional Chinese proverb says: “Once a teacher, always a father,” he not only
helped me with my study, but also guided my personal development. He provided me
with the opportunity to study under the Asian Human Resources Fund and complete my
PhD thesis at Tokyo Metropolitan University, and he has been actively involved in my
work and has always been available to advise me throughout my doctoral program. | am
deeply grateful for his patience, encouragement and trust.

Special thanks and appreciation are also extended to the members of my PhD
committee: Professors Hidenori Tamagawa, Fumiko Ito, and Associate Professor
Kahoruko Yamamoto, for their helpful career advice and suggestions, in general.

During the three years that | studied in Japan, | was very fortunate to receive
financial and material support from the Asian Human Resources Fund. At the Fund, as a
member of the advanced research project on the development of rapid and highly
reliable diagnostic methods for the prevention of emerging and re-emerging infectious
diseases in Southeast Asia, | also received intellectual support from other project
members. 1 would like to especially thank Professors Ming Yang, Sugamata Masami,
Katsumi Uchiyama, Takemi Matsui and Makoto Ito from this project, for their
encouragement and support.

167



I will forever be thankful to Professor Ping Xu and Associate Professor Bin Ai
from Minzu University of China. Their guidance has been invaluable during the past six
years and | owe them my heartfelt appreciation: to Professor Ping Xu, for supporting me
as | did my master degree studies; to Professor Bin Ai, for supporting me in mastering
the various analytical techniques included in the Amos software and applying it to my
doctoral dissertation.

The Hoshi laboratory in the Graduate School of Urban Environmental Sciences has
been a wonderful family; the personal and professional relationships forged in these
years will stay with me forever. | am particularly grateful to: Dr. Naoko Nakayama, who
was very knowledgeable, friendly, and set an excellent example for me; Shuo Wang,
who was extremely helpful on both an academic and a personal level; and Fanlei Kong,
who has also supported me for the past five years. | am also grateful to Dr. Toshihiko
Takahashi for his expertise on Amos; Sugahara Mariko for her delicious food during
every seminar and party; and Miki Kubo, Naoko Inoue and Chika Takagi for their
instructions regarding my Japanese and doctoral thesis.

I would also like to acknowledge Dr. Zumin Shi from the University of Adelaide,
Stefan Horocholyn from Tokyo Metropolitan University, and Ender Ricart from the
University of Chicago, who generously reviewed my dissertation drafts, shared their
thoughts and helped with my English writing.

Of course, | wish to thank my family: my parents, my brother and my fiancé for
their endless and unequivocal support and sacrifice, which has made it possible for me
to continue my studies. | sincerely thank my fiancé for his never-ending love,
understanding and motivation.

Finally, 1 would also like to thank the elderly participants in my research. | wish

168



them good health and a long life. There are also many from behind the scenes who have
encouraged and supported my work, and | wish to thank them too. Thank you all!

The best outcome from these past three years is finding a satisfactory job in
Shandong Academy of Social Science in China, where | can continue to carry out
aging-related research. My life journey will begin a new starting point after graduation.

I wish I could have more opportunity for advancement in future!

Suwen Yang

2013.9

169






ifty SCRE A
FACEET I REBEOREFMIERBIIASBRFEROBR

The Effect of Socioeconomic Status on Healthy Life Expectancy of the
Elderly in Japan

(50 272) A ToOrNh

RS O &% @

( PhLam CEE )

S DORFFEAS FE, SR FFa OIEM & LA RIICIR T L, A F Rl
HANBBHICHEL, ENERERSPEML CNWD BERIZBWT, @ETEREE S
2952 &I ANLET THEHARHERERND bEZRPEWI L TH D, K
X, 2O XD REREHEAREEBT 5 ETOFA L)L TOAEERE LT, #
SRR B IRRO GRS | B ERRE B 7 & ONLE S & B A M 1 B
MelZT 22 E2ZERE LTV D,

F9, AR & B D SR R BRSO S R £ L CHE S AR
“ERICEAT 2ERNAOEATHIEZ L E 2— L, FKGEENZ BV TE, itk s
HEK LR TR E ORIZITADOEEN R 6D 2 2FR Lo, AR, 5 kit
RREEAE DBEWRHR AR T, £ D% ORRFFEED IR BV EI R THTR#E
DIV RN EBL T E Tio, £, BERKMEL R & AR g a2
R & DREIE I IER0R085 VB S B S AL TN b D O BRFFAYIC A0 T AR A O AT
7D 1990 FFR K VLR L TWD Z & 2 BAMRIC U, SEEEFEMIEN 0D 72 6D O3 4 37
KT 5 LT AASRERZERN & fEFEEHm & ORFMEEZEH &AL~ TH S )




2T D REMERN RN E AL TWD,

RIZ 1995 £E72 5 2005 4F FE T 47 #EFF IR O P 5 & EAERE G DA
B AL RO EIR & OB 2 A BT IC X o Totr L SRENER TH
DERUINANERTFEN @ WIRIZ E | P HEmA R < T TR 2R B
R E RGBT FRNC D IR WEE A B 620N T 5 L3RI, 20 &) e B Aot
KU HFMHEIZBNTHRNZ EEZHMEICLTWD,

S bz, 2FE 16 BRI ETs 60 Ll LA, 15,254 A& B LT — 4 &
SHT L, EEIAMERRCAHE SRR BRI 3 | & D% O BFRAER & A E 7 B 2
bNDZ L EWMEIC LTS, £z, FERIADL, FIROI - &G ORI %
Il L. B a I BRI MR A IS = o0 D IR RS 2 I L T\ D, F
7o 2O &9 72 BEREIL. BRI NAXR, MR, FEPERA] T 6 AR R S
NLZEZHLMNILTND,

F 7o B TRRIM A Lo il BB I T D R A & BUE T D IR R IS & B
(T HZ L AR E LT, AR Eming 2 x5 & LT, 2001 4£(Z 65 7% LA b
7 7,905 A2kt L., 2004 4F & 2007 4RI HE i S - BERRE T — % & Vot L
To ZDORR, tERR R E R 2 ERR R A B & S ¥ D&, B H/EIGRE) & #iE
FL, ENMEREEZ T2 2 & 2T, MEIICHES 2 KRS 2 IR L
TW%, T LTI D 2B RIT, KD T DRV B o 4v, RN

HICHESRFNER O T HEENMET LT WI L2 LN LTV D,

AWFFED FEZR AR & LTI SRR 2 HUE 3 2 +h iR B B R 23 [E R 7
BR A FFO &R HIRR R e E R 2 R T 2R b A b D
EERMEIZ L TWDL R TH D, oA RER R DR 2 BUE T 2R, 5B
PRIZ AT MDD TT D3RR L B D & DO s & TSR R EER O 77
BEMET LT NI & 2RI LTV D, EMERILE, R n) 2R 2 g




E LT, SRR AHERF S D 2 & ARl LT T8 S5 RIR A & 36T, #
s B TR S A TROWEEN R OIS Z 2B L T D,
Z DX DT R L BT 2 BR O R RS ICET AR A e T R
TR EEE OWERET 6 & B S 5 720D OREFESRIZ B T AR E A
ONEST EBERIML 2072 b DO Th D, 45O RN RS < Y iiskicks
WTIE, BRI B 7 U R B E 2, MR & S, IR B R L. Rl
TBICIIRTH S E ~DORIENF R TH D TREMEZ 7R L T2,







APPENDIX A:

Questionnaire for 16 municipalities



ZOFEEL. TEBEY. CEAARBEIESN,
CAADRBEACERNEARCREDO S BRRASN CORB T,

1. ZOFARITHENEZE
LEUZR? 1. A
12. ZAANDAORED S

. CEABBEATERVERZBEUIFIN,

LR BRARL 2. Bf 3. WA
R e BERE 6. a1 MR 0
8. RIE o ot )

el i e A e e ;

3. BRE(BRE) CHEOIECOVWTEEL TN,

4 16
| i = | Al 1. 2.%&

nn&m
|

CCWEFEMY I —)VEEED

ShOBEOREOWTEEThUET,
i

H | Bz, BE. BHEBRUAHNSIUT. TX
1 |TiOBDIFTIEIN,

LB 2B 3.0 4. % 5. & 6. W 7. TOM 8 &V

gﬁ ;?7‘;7‘:7331 BHEREEZZITTNAEBERHOET
Ve

HTREDDBDIRTICOZEDIFTIEI N,

mIE 2. S (EEE, i, <b&BEFHmRS)
- BRI 4 DI (D EEEZE, BROE. FRIRARE)

. s 6. FDfih : 7. 720

U1 o



ShEORBEONTEE LT

|rs (BERI BECESTRIELENET A (COETBATS
13 |73,

1. ETHERTHS
2. EHEHEETHS
3. DEVEETIT RN
4. @%rmm

SREOESRE TS, mbﬂ

P | D720 HE ORBDHTBMEIC DN TR TT R,
4 [5OBBEORBICHESEND DE_2EIHEATIEIN,
L72Z&ER TS, f_zxiutﬂﬂ%c‘:ubhﬁﬁ&i ENnELTRZE ] |
W,

® BYTHAROEVHNTEETA? LW 200X
@ HATABOABNTEETN? LI 20z
® HATEEEOHUANATEETN? LI 2 LLX
@ BATESVEROBEABIETN? 1LI30 2 LB0E

® FEPEWERATOETN? .13V 2 Wi
® NARBEHZHESTHHHTEETN?
1. —ATTES 2.5 NiETES 3. TEHW

@ — ATBEERNIIMETEZ T,
1.—=ATTES 2N TES 3. TERNW

® HH¥., BRIZEDILVERWTETHMN?
LIFEAEERNGEEN TS
2. ENTWARH D ENRRREN
3. RIZENWTWARHE D BRREWN
4 FZEAERITRNTNS

HO7 0 —MbEOBEZTFXN,




HREOHEREE AR ERERIOVTEET hLET,

fl | BBEOREDEEHREELEFFHRICOVWTEETALET,
5 |HMTIIRDBHZRATIEEN,

O EFEEHRTHRRISTRIZERNETR?

1. 130w 2. LY Z . EBEEDBNZRN
@ EHELT. dREODSDERIIFEETTHAERNETH?

| =42} 2. LWV Z 3. EBLEDBNAEN
@ B, NERIEZRITTAIIIT/ o ERNETMN?

1. ms 2. WYV Z 3. EB5EBNZRN
@ &7::710)Aiévsxbﬁxzofa'cﬁﬁféiﬁ’ﬁw

=472 2. WY Z 3. 55BN

® HEZEHEXRTVUETH?
LEEBHARSD  2HLRND 3 BLACARED

BHBEERATAETH? | - ‘
LEEASEKERY 2812 | 3.E3-5E 4 EEEH

@ INAZPHO>THETN?
1. Eihslkbisny 2.9z 3. BHoTNS

BEDHE O TIH OmBEREIIMEFESWTTM?
1. 6BFEILLF 2. 7— S 3. OBFMILL E

© BUEPBVERHZLTHRETN?
1. 1FEAEHEH 2.8I1Z3~4pIr 3. &8iIZ1EAL 4. AiZ1EIAL

HIBRBEBI PRI T4 T HREBELTAETRN?

L LTS 2 72FT2 3 EEAELTOHARL
@ RITPITRZRELATHETM?
L. &LTW3B 2. 7%KKT5 3. FEAEL TN

@ BH®REFOTNETHN? A
. DU ER->TNVWS 2. —DEFF->TNWS 3 FoThwin

5



7‘;7‘ DFEREL \RERIOWTBEThUET,

BE. #E—BICESLTWEITM? BTIIE5
ETICOZHATIEE N,

1 —AESL 2. WR#E CREEE®E 3. T
4 FHOK 5. % 6. 2Ol ()

|F7 |0 HEOBDEHNITDWTIRBNET,

@ ﬂﬂi‘é‘%‘_&:ﬁ%®<bh£0i‘§7ﬁ?
| FEAEEH 2. BIZ3~4[EIKHN
- 3. HiZ4~5E<H 0 4. BAIZ1EK5N

@ RAREFDOBEEBDODEHNZLTVWETN?
1. FEAERH 2. BIZ3~4EL 5N
3. Hiza~5EKHBN 4. AiZ1EK 50

® BOEVIC. —HEICNTIESETDARNETH?
1. ETHELNB 2. hEDWSE 3. FEAEWRWN 4. WA

@ HOEVICEESELEABRBHENZLTINEADRWETN?
1. ETHZNE 2. Wk 3. FEAEW R 4. Wikholk

® Rk (RPERE) OWFEEZLTHAETH |
1. XL TW3B 2. =FICT3 3. FEAELRWL 4. Ligw

® FPEREDORBEDOMEEZL THAETH
1. XLTWB 2. 2XCTS 3. BEAZLIRN 4. LW

Pls| 727225, —r A THEICHEX 5B % (BTI PN ZWKETTR?
. —yAT. AHCEABBEE. FFTY.
(M | EELER OB S [TREOEF) OMARE DBV TLEN?

1"cu-‘m'

9 | EELR AEDBEDTIEEN, )

1. U 7. 500~7007 Mk

2. 1007 M A& 8. 700~800% PR

3. 100~2007 A 9. 800~9007 Mk

4. 200~30077 M A& 10. 900~100077 FIAR

5. 300~40077 MK 11. 10007 HELE

6. 400~5007 A 12. ZBA7=<N
CHABOMESCENELE., BREAKTBBILIESIN, FOIEZFEN.

4-




APPENDIX B:

Questionnaires for Tama City



T206-0024

LV UVE & L Ao EesErts
DI D T o — FEEEE — FBEFEEWL
SEME 8 K B E

$iib§§$®%ﬁ§&ﬁ&kﬁbibfu\%W@“ﬂﬁ ARV E, B
DHES TXVET,

Dk, 6 5EBULOLEBEICHL. 7oy - FRAEZEEVWLLET, CORE
‘M\Eﬁﬁoiﬁiﬁéﬂﬁbsﬁ@&@@&ﬁ@ﬁiﬂ&ﬁfé&&%m\@%éna
Frh, TBEZOPERETEIRVELY, £FORBEELIENLRERLE D,
BB GaERbEL ELT] CLOBBEERMLTOLLL 2L b, BHlO—
DIELTEVET.

Aﬁoﬁﬁfu\ﬁﬁﬂe@&ﬁ#bﬁﬁmeoﬁﬁ%oﬁﬁkamt\iﬂﬁﬁkﬁ
BHBRFO CBAEVLEOTEDE T

BRBOTERVIZWET Uy - M3, £TavEa -2tk oA L. FEEU
ACRERVWELIEAY., REEUFECFIBEISHELBEDLN I FICRBEENTIIET
WEESIELEITEDE T, |

W, —WOF L2 L. COFEEZRELLIVATEED R 7-DIC. RBEFERPEE
BESOMBICOVWTHEAEREEZ TEV Ed. CBAEBBEVWLET,

' ‘ SERX134£9A2TH

SO AT s

1. BEAE. BE 2OTHIATIHEEV, fl— 1-2-@- 4

2. BEEER. FHLiHEIAN. 1081 2 BETIOEACEEL,

BEAVEbE
ZETREEUREEEUR
BE 375-811 1P621




COBERE . MRS L, TRAFBEL LSV, TEAFBERHRE VS
BB IREDAFBASKTHREETT, TORR. IHRADLBTHEL (K
O
M1 COBERELANFEESAELED 1) A 2) FALSIOR
M2 ZEAMIPESSLBAR. TOBMEBATIEEL,

1) Bt 2) WK -8 3) ABRF 4) F&E

5) -E®AmL  6) X 1) Zoft
B3 BENSEEVCEFOEDTAATSLTVETH?
4 BEHE—RICOLTWETH IUTRESTNTCOEBAT £
(PP

1) —AESL 2) EBE (RELER)  3) F#

4) FHOE. 5)% - . 6) ZOft

B5 &50BFFENNIO>VWTEETRULET
"5—1 BEOBETVR. ROERICHENETH

(1) FrTaT  2) #a8T (IBE~5E)  3) $afT (6BUL)

5—2 BEOSEEVREABCSENETP?
5—3 BEDSETOFEHERRDENCHLVETH ?

() #ex G@®  2) @R @R )
5—4 BEOBEZVCIL~N—2—@s0sETr (1) 3 2) v
5—5 FEnsgrocumsmeicneTr? (8 £ )
5—6 BENBEEVCSELEAMILVTTH?

1) SOERCESEITEN . 3) E£BS5THEN

2) TENISHOEREICBY 1

e BEEOEHOREL ST, SERLET

6—1BF. BAEBUIFMFHNIE, TATICOEDFTLEE L,

[1)& 2) B 3) B 4)R 5)H ]
6)E 7)%EH 8) ¥ 9) &L

6—2 BLLED. BERRERT(VIBRPHBNETDI.BCREZIBDIAN

TICOEDFTLEE W,

1) SOE 2)ﬁ$¢(ﬁﬁz‘ﬁ&m‘<%ﬁTEME£)3)%&%}

[4) iR (DEHEE. JOE. FBIREE) 5) FRE  6) TOM
7) &L




;

Bl7 EEDPSABEESIAVEREICODVWTHEE TS TBRE] COWTHEAWE
To

7—1 FAE @EHERO K. wsLrnETa((0) wa | 2) wEw)
7—2 TRERSETIVSLrLETh () BERA_ 2) BEDH)

7—3 ZOEMOZEHERFATTS

1) ARk 2) BRAE 3) 48 4) 20
7—4 EROTBER. WooLruEFr (1) 0B 2) BWEL )
7—5 HWOZAEESEHICWS-LrniTr () SEHR 2)y§mﬂ9

M8 HTADEEBWEP, EEOREE. £EFRBRICOVWT, SBLLET.

~

8—1 HATEBROBVWHMFTIETH? (1) v 2) vz
8=2. BHTREDNHENFTEETH? Dy 2) vz
8—3 HATHM LIFTHETH? T Y 2)vnz
8—4 BATHABICALZTH 1)L 2) vz
8—5 HATEREOHULANNTEETH? 1Y 2)unzx
8—6 BATELPRROBEIFFIETH? 1) v 2) wnz
8—7 FHPEBMEEATVNETH? (1) BV 2) Wi
8—8 —ATBEEAICHHNTEETH ?

(1) —ATTE3  2) ABASLNETES  3) TEAL D)

8—9 HELIPFBETIELEFERBRBEATTIID2FFOEDITLEEN
1) &&F0DH 2) BEE 3) /49, 4) KR 5) ¥ —
[6) =5k 7) BEBE (GEiR) 8) BEE (FF) 9) Zofh )
8—10 SHHLEBROSFHMEEA LTI (B %)

8—11 BPRDLEER. BRICENDSBVHVWTVWETH

1) FEAEEREMSEBENTINS 2) BhTOWAEBROABPPEN
3) KRCDOWTWBRRBOANPPRRIY 4) FEAERKRICDVWTNS

Mo &% f-wé‘céﬁﬂﬁtE"é”ié’%ﬁkmxf&f-?‘nbi%
9—1 HELBIBFTRELLBVETY
1) ETHRETHS 2) XHEHBMTDHS
G) HEUYRBRTIEL 4) BT J
9—2 HEELLONTRARICTRLEEBVETHL?
(1) BL 2) Wz 3) EBS5EHNZAN D




9—3 HLADZHEOEECHRLIVETS -

C) (=4A 2) LWLz - 3) c‘:'Bbé:’B(.\Z. ' )
9—4 BEERKATWVETH ’

(1) BenstkERD 2) B1~2E 3) B3~40H 4)&&@5*)
9=5 ZNIEWoTLETH

(1) UEpSEbEN  2) RO 3) BoTLS )

110 - &&= OHIREECEREHICOVTSAVLET,

10— 1 HWEEBPES 71 PEBELTVETSY

(1) &<LTWad  2) £Eic¥s  3) BEAELTHAL )
10—2 EREBEFBHCEhTVETH ~

()-ERICLTLS - | 2) BRTRAEL ] )
10—3 IRCIRRCAV] EHEANEONLAR. TOBREZENESICE

EITTHh. BETIHOICOZDIFTLEZIY (220%7)

1) EIEWNBAGEEBIDBHSI VRN —— - 2) BBHEBOBENKETHS
13) BODALTIEEMES TEhTIVEN 4) HLUWMPRESAZDIFShEN
5) HILLWALEZDBDIIEHRNTS - 6) BEMSSLL

7) U< THRRASR N . 8) BICER[TAN

11 85-0ORERS ABERICOVTSAVLET,

11—1 SHETIIERENDLEVWHNETH

1) BEnESR. 2)B3~4E 3) RCTESHH 4)moLme{)
11—2 RADHERDAEEDEHVELTWETD

() FEAERB  2)E3~4[E 3) ARTESSLY 4) ®okICL a.@
11—3 BOAYVILEs-ELEAEYPHBEVELCKNIAFVETH

@) RIS 2) BAIRWS  3) FEAENEN 4) WL )
11—4 EE1EBOHEREE (CRBOEE) ORARENSWTLEDL (B

SPEEN BB ET)
(1) &L  7) 500~700F KA )
2) 1005E%E 8) 700~ 800 K HkA

3) 100~200/AM*&#  9) 800~ 900 HF Ak
4) 200~300FM*k#H  10) 900~ 1000 FAFKH
5) 300~400FMk#H  11) 1000 FALLE

(6) 400~S00HFAK#E  12) HERALEL, )




BUBEORRICOVWTRAVET ‘

F12 B2RSETREELEETS > IOVT. $AVLET BEERS
TUWKREREBDNBHEE BBV LW (20 T), £, FrLiEEs
HB3BACREFNICRBALTLEEY,

[i)ﬁﬁﬁ(U 2) EES7  3) LWaEmnI<y

4) BEEBOBE 5) MEEROEE
6) BH4MRE (-

13 SEXFVOBRTESLOTHBIAT.ENLIEH—EREHRS¢
TWKARED, BICFEEINBV—EX (JE55K) £HBUCHEEWY (20%7)
(1) HEBOBEEXIETSY—EX  2) BRBOEE 3) £EROE)
4) RERIRE DB 5) BREMITEEOER

6)-NEMNEBFIPANEZZSY—ER T ¢ 7) EEEEROBORE
8) HIBEMR (EZVHHYUDITE) DRX |

~ ‘@raumwﬂﬁ 10) =0t .ﬁ1)ﬁngvﬁwunu4)

e

NBRRHECOVT HAVLET,

14 5713 BENERRIEOEN EREEZHTVETH
(M BTLnan  2) BIFTLS)

M15 #6kil. BENBRRY—EXERFTVETH

(1) BrTuaL  2) BETLS )

16 ZEMDG6S5MULEREDNBREEHI FFBIBLT SRELE
WET, BELEDZBEREBEIPEELEE N, '
1) SLALTLN ‘ ‘ )
2) BERBENSLYS<BRL., FBDEVNADRREER< LEESHERN
L P) FBOELAORBREER L. TOREBALTRELS >R

NV OE Y .1 )
(ﬁ%@ﬁuk&uﬁ&ﬁﬁ%ﬁénruuuﬁmkﬁiﬁ téuui?d

ZBh BNNIESITEVE L,

CO7T—MAERKDEE L TR SROEBERKER/IL TVCLET. K
ZERLCARIC LI EEATEN £, KHOBRTR. firAL TV ERE
BRAL. SWEBBLHDICLTVEEVWEEATENET,

£ BEARERE TRCPT. HOFREBEMY —EXOHREBDI3FH4
K. ZRRESLBITFEVEEZTENETOTELLSBVWELET,



WEWELERRHLERO=HDT77—FMRAEDOSREL
SENR WD =T

ERLY, ZETFORMITEBICKRIO ZHiRE, ZHHZ2WEEEHURE D
TEWET,

IOV, ZET T, SREOEFEREBLZTEBL., —AVDE Y DOFRREE
T, WEWX LELORDIBEROAREEZR DD, THICBEEVD6 552l L
DERRIZR LT v 7 — MAEZEBEW - LET,

ZOREIX, ZETOERERBREBUASER I ERRELHELZRET S
TEODEERERERDELBIT, B VRERE2 TEHRYELSYE, &
RCRILLELT| "HOEERFELEZTBYET, £z, HIBROF TR
DUTERBELTOWERTE XY, ZBE2VEL T3 FRKRERICHERN TS
HHHBDL DITBRIITTEVND N EEZTEBY £,

2B, AEOFTEZ L RWERRLNIE, EEIZBE X WEEL LERR
HOERAL, TOETEFROERNIZBERL ZEV,

Fh, BPETOIEETHREETT, 2B, AFAEIZTHAWELZT R
BAETH, FRIENELCDZLIEHY FHA,

S EIOREIX, RIS RKEHHHEFTEXRTERL TR, ERicZ
BN W=T oy — MERIZ, 2 Tarva—F TEENIZLEL., ity
W LETOT, BEABBBIATICTIRNDZ LITHV ERA, £, KTV
r— M ORAERERIX. FEOEHNLAMNIIERWEZLERA,

ULOBEZER2 TEBMBN-2E, TUor—MABIRZHIDIZE, LALL
BREWVWELLETET,

k1 684 9H6H

(BAH® N
1 CHRFEFEFESZOTHA. ( )RIZHMEIFETIBALLESLY,

2 COREBEIZ. CEBEITSEALNBEZLIEELY,

3 CRANEETERNE (L. CREQHHEASA THEBTE A

| CHEADILBTHERME, y
® WEEIL. CRADL. COFERAHDEEAHBIAL, 9A24BFTIS
CRECEE,

® FHLWEhEER ZETRREUADSEHENASR SEELE
TEET 042—338—6807
(B16~f28I=2WWTIL) MEERIEE NERIRR
T|EE 042—338—6901
1




BRER

(2 ZHhLHRHERRBTY)
1 ik lHRICONTIBAL E SN,
1 | ( ) YRk 16429 B 1 BERAE
2 MR 1) B 2) &
3 8 | ( ) BLFA—h
T mmmrEEL ST
4 #hE | ( ) ¥uS5 N

B2 EZEIhiEHFCBETaLET
l2—1 ZORBIXERENEEINE LN,

(1) &AL 2) FA ]

f2—2 ZTAHARADSBREEESNTBEIT. ZOEREHZ1DS0 TH
ATLIZENY,

1) it 2) WK - T8 3) ABR-AFH  4) RE
fEE

5) ER -HEHZL 6) BEAEE 7) HOEE 8) =7
9) Bx-< 72w\ 10) Fofth ( )

13 ZHKEDOZ LEzRBETRLET,
B3 —1 HME.HL—BILOLTWETH?EYTEITRTEOTHEHA,
BEAEL TRALFEEY X2 HEFEERXRBICEAET,
1) —AELBL 2) ECfBE 3) Ft 4) % 5) &
6) SLEBLHER 7) FDf ( | )

(B3AE () A XTHAREDEAKTT

F3—2 HOEYOEECHEER LTI NBALE 2 TFH?
FUF B FRTHEOTHATS SN,
[1)%&-%& 2) KA 3) EFOAN 4) e~ lsS— ]

5) Zoft 6) 72l

f13—3 BREBFIGEKROENDFIXVEo LeWETh,
(1) vw3  2) i ]




Mi3—4 bLESHMESZDL, E< O—RBRHHTE CREETE 29,
(1) BHTTE2  2) ABRBETES  3) TRV |

fld BEITWIZOWTBETRALET,
fM4—1 BEOBEETWI, ROENITHID 90,

1) £A4EFEE (=L R—F72 L) 2) EAEE (ZvR—FHD)
3) FERTEE - 2BETHI VAT X
fMl4—2 Rl4—1T1) 0EEEE (L R—FARL) TBEEVDH
2. BERSCERFZEICOVWTEBETRLET,
- BERIXMAETTN? ( ) B
1) TENTERBRIZEY 2\ 2) WEDEETRW
fl4—3 HEDOBEITWIX. ROENIZHIZY 30,
(1) #bx 2) f#15 )

flda—4 BHEOBEETFWIZSELEREGITIZWTTh,
[1)¢®EEKE&%Htw z>v%n&@m&%u@ntm]

3) EHbEHEZRWN

15 (220 2oFE] RCREMREBICOVWTRETRALET,
f5—1 BROERICOVTHRZTD TR DITE] BNETH?

[ 1) v3 2) Wil |
156 —2 HEREEZZITTVIRRDTRXATEZOTHATIEIY,

(1) BLE  2) METh (WEE. Bimm. < BETFHMAY) )
3) ERE  4) DR (LBEE. RO FEIRE D)

5) FHE  6) BEEME  7) KA 8) 50K  9) HR
10) Bl - AR 1) HBE  12) HORE (ANER D)

13) B - BSOS (BEERE. EEES D)

14) FEREROBE (REXHE. BHESE AR Y)
\y)%wm( ) 16) 72 L //

BI5—3 @EIEBICABELED ERH D ET,
[1)mw<ﬁz ) GE~ABZE %% Eﬁ/ﬁ)}

2) LWz

3



fi5—4 HBif BREEUAFAHLIE. $TTEOTHATIES,
DE 2)F 3)B 4 %% 5 E 6) R
7) & 8) Tt ( ) 9) 2L
fi5—5 M5—4THEAZRUAIHBRHoEFIIBETRALET,
EbBVBITORADEREL, 1 20EFOTHATEZSY,
(1) BvEr  2) PEREORES  3) BVWEL  4) REOES

B5—6 i@%E1ERCEER, SEICHED BITE Lo L850 ETh,
[1)%ﬁ&L®E@ 2) BHikH Y OiEE  3) HEERL )

MERAI LB (1) Foh (2) Zost

M5—7 BEIFMEECELDEHY E LD
(1) # () %agmik 2) % () *aBdli 3) Bkl

—

16 SIEADEFEIZSONTEBETRLET,

1.BEXTHRGOEWGNTEETH, 1ITV 2)»ink
2. B CREEODHENTEETH, 1V 20kt
3.BHH T M VIZITITE T, 1IXV 20z
4. M UBREICRLTRETHZERH D T3 1TV 20z
5.8 CTBRABIZANE T, DTV 20z
6.BH THRIFEDODHULANNTE ET D, ITWv 20k
7. B TEREOTIANETE ETH, 1Ty 20z
8 . B CHELECRROEBENEIT T, 1IFV 20z
9 FHECEMZ A TWNETH, TV 2z
10T T1IXFaH6WHE Z ENTEETH, IV 20z
1LESONWHS THAHEZEZDZZ EBH Y 3D, 1D AN ALAAY 4
12.BEIZOWTORECEMICELEH D E9D, DIV 2)ninz
BEANDERZFRDBILBH Y ETh, IV 2)nnx
4. FHESPEADOHEBICIOAZZ LIIH D T, 1D ANEP AL AVAY 4
5 WAEZRES Z LI TEET, IV 20z
I6.EVANICESNGELNTDZ EEH D 30, ITVv 20z

7 EEFROAR—YOBFEIZONWTEBETRLET,
17 —1 EFEEIRAR—=VE2EDH L TWVETI,
(1)&&@5 2) Y83~ 4 [EfI 3) 1~ 2[Ef
4) A1 ~2Efr 5) LTuWu




Ml7—2 1HOEYHRESHRFEC, EHMICT AL IR TEDN
T, (B7—17T5) KEELEFEERL)

[Ty ( ) 4/ ReRERIR ( ) fEhT |

f7—3 EERCRAR—YVETIEOMEINETS, (7—-1T5)
WEIE L FEERL)

(1) 10 ABlEDAL 2) ADAL 3) Lizn |

B8 HBEOBAE-SDVWTBETRALET,
M8—1 WOIEE ZLITEREEHZ 1 DOTHAT IV,

#A |8 | i} 2

A~ |5~6H|3~4 8 [1~2 B | 22V

%
1. HBEE 1 2 3 4 5
2. RKE&HL (B - g7 L) 1 2 3 4 5
3. 5P - DpplE 1 2 3 4 5
4. EOFBVR (PN Fr=ild) |1 2 3 4 5
5. WS (B -2 -3y |1 2 3 4 5
6. &Y 1 2 |3 4 5
7. BEE (£EBFX. EWRL) 1 2 3 4 5
8. WM By -EY -T2y |1 2 3 4 5
9. WRFITDEWY 1 2 3 4 5
10. MEESBE (BT, poyE) |1 2 3 4 5
11. & 1 2 3 4 5
12. BXo - E& 1 2 3 4 5

fi8—2 1HOKREEEIIME T
(1) 1@ 2) 2@ 3) 3@  4) 4ELE]

f8—3 UVEVTEEEZTIEHIL, 1HDS LMETYT A,
(1) 3@EHE  2) 2@  3) 1H  4) 1EbHRL

M9 RBERLAEOAREFEEIIOVWTEETRALET,
FFE 9 - 1 3@ ﬁj\‘?@%.fi& lEll:EI.\l/\ij_i’)o

1) BETHS 2) SHEHEETHD
3) bEVREETIT WV 4) BETRW




fl9—2 MEELILNTHRRLELBVETD,
BER 2) VX 3) EHBEBVZR |

9 —3 BAEDAFEIIHMRELTWVETE,
BEDR 2) LNZ 3) ¥bbrbnzAwn |

9 —4 BEIXEDONMNERATWETIN,
{1)&&@5&@ 2) A 3 ~ 4 FErEkEe ]

3) B 1~ 2EhrEke 4) 1T AEKERD

fl9—5 ZNRNazlkoTWETI,
(1) BmoTwa  2) ®wk () 3) LA bERbRY |

f0—6 M9—5T1)Xik2) tBEIICAEFICHETRLET,
{@@ﬁﬁ:lﬁﬁﬂ( ) KEE (o)

BUEHIR : B8 L £ ( ) £

fo—7 BREER»LELTOET S,
1) LA PEBRNOEERTNS  2) BERALER TV SREOFRE
3) BERIZOWTW BB OFREWN 4) 1IZEAEBEBRIZOVTND

Mo—8 A, KEMEBEMOEE (BELET) #LoTVETH,

(1) emefkimE 2) GRS~ OBFRRIE  3) ORFLLE |

O—9 BHDEETATATRAMLAZRETNSZ ERHNIE,

HTTED bOFRTHEOTHEATIEEN,
1) ARIBEGR (Fik- Bm2Y) 2) HEEoz L

3) BACREORE 4) FIEOIE 5) EE
6) Fit - BOBR - HH 7) EFTSEHWV 8) 72L
9) Zonh ( )

10 HIREECORLASLEENWIIONWTBETRLET,
RI10—1 HIREEIRCRT T 4 TiEEIE L TWETD,

(1) LTw3 2) EITB 3) EEALZLTWARY, |




10—2 R10—1T2) Xit3) LBEXXRoEFITBE-THRAL
9, BEBILOOWEBALNIT, EREH%Z 2SO0 THA

TLEIW,
(1) BB R 2) EEBEERID )
3) METHEEINRZ 4) HERHZEDT BRI
5) ANERXRDLBZDIIRENTSD 6) BERIBPDLIZ2N
7) BRI 8) & LTV B AW
9) HniFBDE-< H 10) $FICEBHITRW
\_ /
F10—3 HLAREXSWIMTTH, HTHESIBDEEDETOT
A TLEEW,
/:)ﬁ@-xﬁ—v\%5muﬁ5&8¢%®m#:e ﬂ\\
2) HRBR - 183 - FE 3) MARKA - EFTEDOEHW
4) ¥—7 ) - HUIRIEE)
(BT&., BEEI 7. RTU0T 47 - HEE®RZR E~D&N)
5) iT72 & 6) KikE DE LA
7) £FE (T A b, ABZET) 8) %« DRDiHEE
9) AEZE (Xyar - fa - BELFERE)
10) RKEXE 11) HEZ= 12) ZOBAL OSNHW
13) NA X T 14) & 15) & <iIZw

\E>%@m<

11 AEBREIZ-OVWTBEThLET,
fll11—1 —ATESERTICAHNTEET D,

)/

(1) ©&3 2) NMBdtbhiETcxs  3) TEAL |

fi11—2 NRREHEERHE->T—ATIHHTEETI,

(1) ©tx3  2) fgdibhuicss  3) TEARN ]

M11—3 BEHIFIALTWSIERZBEFEEZ2O0THATIEIY,
1) B&E  2) A7 3) /"R 4) X7 —

5) V7 Mt&EuE 7> — 6) BE-E/L—/L
7) BEEIE (B4 TEER) 8) BEEIE (F%)
9) Fnfh ( ) 10) 72 L




fi11—4 sHEE EErIFrzEte) X, EDLK VT,

1) 12I¥EH 2) 3 ~4[EfHL 3) 1~ 2[ENL

4) A2~3@ELUT 5) A1EMUT
fll11—5 AKAREFIDOEFEDOBMEEWVE L TWVETD,

(1) wigmE 2) @3~48 3) B1~2H 4) A3EMUT |
fMl11—6 LI Brob LEAECRENWE LT EIBABWVETN,
(1) 2<EAE 2) HAWD  3) BEALVAY  4) LR

M11—7 MEEIEBOIAIZEDL BWVWTLEDN,
(1)3$A( ) M 2) EEE ( ) FH J -

3) Bz 2wn
Bil11—8 RBENIHRELTWET N,

1) RLTW3 2) ¥EHEHLFHRELTNVD
3) HbEUVTRELTWVARWN 4) FRLTWZW

fMl11—9 BE. WADOHIBHLELZLTWETY,

(1) LTwa 2) LTzl |
M11—10 f11—97T1) :BEXICRoEF~ NAKLRILE
I35 BEIXTH TN,
1) 1IFIEEH 2) #3~4 8L 3) B1~2AAL
4) A2~3H 5) A1 BUTF

M11—11 BRBICEELEZRIIELLTTY, ZYUT3EH5F20T
AT IV, X ( ) PIIBEEE

(1) aisw (6) 2) REITEIEE (257123) )
3) EEEK (3) 4) B (&) #H (4F7125)
5) [EHIEMEEE (4) 6) Sk
7) Bl 8) bl B
9) BEMERK 10) EH#IRE 11) X% (B#HIbHETe)

12) KEPz 13) & Dfth 14) ZRICITV 2o T

\?)%it<&w //




112 BOBREZERDILIZONT, EHBbIhE 3,
fll12—1 BHDEZIGEWHDE, 1 DO0THATLEEY,

(1) Bwze?  2) BKRVZEE  3) EbbLBLARL |

fll12—2 HBHHDRENZOWVWT, FZERDITONTEDLIITELT
WETH, HTRELHDZ1ID0THATIIZEN,

(1) EBich-c  2) 2V EbLRY 3) BETR Aok |

13 [WEIE, BEDEETREDITDZZET, IS ENTES] Lo
EBZFIZOWVWT, EDOXSICBRbIETN?
BTILEDHDEILDOTHATLIEIN,

(1) zoBYTHs  2) £H5TEARY  3) Ybblbxiy |

14 otz WTBETRLET,
fil14—1 EENEZXBELVXY—BTHECLTTN?

(1) ot 2) fbv |
fll14—2 VWERWTFAY—ELREBUVFX—2TFLTTN?
(1) o3 2) Jbiw |

fl14—3 W CHRICAEIRIRZEREEMLICBETIERIIRO E
TI D, 3DETEATLEZY,

(1) BB L — B AR T N\
2) R5FD « ST Z2HWVIER
3) NETFE - A E b L—= FEEORE
4) &8 - BEEZEY—EX 5) AHXE - BEIY—EX
6) FERICETIEES 7) REBAFHECETIEES
8) FEDELEE X (RHEMR
9) Foft ( )
N )/
15 —AELL, FEREHZEOAOEEOFICBIZTRLET,
f15—1 BARERELZ mRTELIIEENEXEZEEVY—IBEXDZ
LEHFEINETN?
(1) 3w 2) VWNZ
fl15—2 BESHERLDOZLT TRAFTELIEEM#EXXEE ¥ —
WM LIZWZ BB T
(1) Fv 2) Wiz | 9




&)
CCHhLnEM (M 16 42 5H 28) 3. BEAHAE
(BXEAZLL) 22T T FIAVET,
EANEAEEZT LR VWFIZ, AETHEMIZRT
Y hId, BRBEOR—VTEEIE(EX W,

\_
i1 6 HE. AABRBESNTVWAEMEEIL. KO LENTTH,

[1)%&% 2) EHE1l 3) Efe2 4) EH#ES3
5) B4 6) BENES

17 BE.ENEIELZITTWVBIARANZL. 8 AFICHEEBRY—E X
PRIALE Lz,

(1) AALK 2) FALTWEY |

18 Ri17—T2) LBEZIRoEF~ NERRV—EXEZFAL
RVWERIZRATTD, EREAEZ 1 D20 THATLEEN,

(1) SHECHELTVB0T, BELFIHETBRERE )
2) FIA LW —E RN

3) FIAERERINPSED, FALES THRATE 2
4) F—ERFIHOFELTHEE R L b bAN
\F)%ﬁﬁﬁﬁttb\Eﬁ%@AkﬁbTmé )

19 77700 iizonTBETRLEYT, BEDTF TSIV
(F—EZRDFIARE) 12OV T, BRELTWETE,
1) ETHWmELTWS 2) EHELWMELTNS
3) HDEDVWREL TV, 4) RTHD

20 R19T3) Xit4) ¢BEXIZRoEF~ 777 VAR
BHHIZZRATT), BUTEITRTEOTHATT IV,

(1) AAREEORLRRBREN TR )
2) HMELERIECRBNERIN TV

3) FELEV—E RN AT

4) FELRZWHF—EZXBA-TWS

k5) FETIEEEDY —E AR AoTWVARWN )

10




121 7777 0%2ERT2EEICHICHERLE Lizd,
BUTEITRTEZOTHATTEFI,

(1) rresvr— N
2) RiE

3) RA - HA

4) HIZHLHERLRWNWT, KALTTERLE

5) F7=RXT ¥ —NARANICHERLZ BRIERLE
\F)%ﬁﬁﬁAmm%&<%$mﬁmLt Y

Bl22 U7~<~RXV%— (FT77TT7U02ERTIEESE) 2ED0LHICLTE
WELED, HDTUTIEDILDZ 1LDETFOTHATLEE N,

1) MEERICRBEIDOFIA L TW-EEE \\

2) MHOLREIN-EXELE We are T7T7<vRV¥—|
(FT7<vRXTVx—FBEAD V7V v ) 28FBICLUTEAE

3) FEDOITASLEEENLDELR, A VI bA—NL (NTXRLE)
BRT

4) A, RADPLDEHR (FFaI72E) TEEAE

5) BENEXE L ¥ —OBENOELZBAWTEATR

\6) FESBATER .
238 HIADTTRXVY—2RADIERTELDZM>TVETH, &
bHBEOTHATL &L,
BESSSERERES
24 BEOHEY Y7 <X Vv —EARAC L o TRAR T,
Eb b OREA T AW,
(1) #w»T (1AR) 2) 2 AHSLE |

25 Ri247T2) LBEXIZRIESF~.
FT<RTx—Nhbolz (hzil) BRIXMTTT N,
FREHE1OETOTHATLEEN,

1) F7<wRxVxy—LBRBREDLRNoTD

2) TRy —NEURY—ERX2 LTI N2 D
3) 7=V ¥ —iik<ReoTI NN, BEEFOEHEDT-D
4) BEADERE DD, (EE. AREE)

1




126 77~xVy—it, D b A 1B ERFIAZEOBE LT
AL lBoTWETH, BEDCF T~<~X T Y —I3HIZ 1 BLLEIFES
BRICETWETD, HDTEEDAHDZE 1 DOFETFOTHATLZEI,

) B 1R R, 35RICET< TS

) 27 AW 1ERLIE, BRIk TN TVWS

) 3 A 1EALIX, FFMICk T NTVS
)£<&mofwwi& SR TS TV

27 SERRO FIRE] 2772V —PoRITRoTWETD, H
TIHELHDE1DIEFOTHATLIZEN,

[1) ZFR-TWS  2) ZHBR-STWARY  3) maem\}

1
2
3

128 #F7~<~xVy—btEKEPHESLE, BHORNEBZIZOWTHARH Y
FLED, DTEHEHILDEL1DETFOTHATLEEN,

I RTWELEAN H o 7-

WZIE, Lo —ieDHAIEH o2

Wit BB, AT XUy —ICELNA T IIIE VL
ﬂ%ﬁbt@fi<bm6&%

1) RA
2) AN
3) XA
4) Rk

INTHBMIIEAT T, EVWEHITBIVWAEESEL
Ty BISHH ) TENEL &,
BNUAD T2, AIR AT LA, §9)—
BEBrbn L RHDERERMABICGEZRE (77—
Hﬂ*&) %A#’L afx@(t’sw

MM%I\%@ G ﬁ&?ﬁ)&; DELT- 6
ZETHRT EEEAE MERZERY (BfFF 338—6846)
FTREHEIEIN,

12



	The Effect of Socioeconomic Status on Healthy Life Expectancy of the Elderly in Japan
	questionaire for 16 municipalities1
	questionaire for 16 municipalities
	questionaire for tama city1
	questionaire for Tama city

