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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, I 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.



i 

 

TABLE OF CONTENTS 

Chapter 1 Introduction .................................................................................................. 1 

1.1 Population Aging ................................................................................................. 3 

1.1.1 Aging in the 21st Century .......................................................................... 3 

1.1.2 Population Aging in Japan ......................................................................... 7 

1.1.3 Theories about the Population Health Status Changes Due to Aging ..... 10 

1.1.4 Global Studies on the Population Health Status Changes Due to Aging .. 11 

1.2 Healthy Life Expectancy (HALE) ..................................................................... 13 

1.2.1 Definition of HALE ................................................................................. 13 

1.2.2 Measures of HALE .................................................................................. 13 

1.2.3 Review of HALE in the World ................................................................ 19 

1.2.4 The Significance of Studying HALE in the Elderly ................................ 21 

1.3 Socioeconomic Status Effects on HALE of the Elderly .................................... 22 

1.3.1 Measures of Socioeconomic Status ......................................................... 22 

1.3.2 Socioeconomic Status of the Old Population .......................................... 23 

1.3.3 Theoretical Hypothesis about SES-HALE Associations at an Older Age 28 

1.3.4 Literature Review on SES-HALE Mechanisms ...................................... 30 

1.4 Study Objectives, Originality and Significance ................................................ 34 

1.4.1 A Comprehensive View of Previous Studies ........................................... 34 

1.4.2 Study Objectives ...................................................................................... 35 

1.4.3 Study Originality and Significance .......................................................... 35 

1.5 Hypothetical Model ........................................................................................... 36 

1.6 Data and Methods .............................................................................................. 38 

1.6.1 Variables and Measurement ..................................................................... 38 

1.6.2 Data Analysis Methods ............................................................................ 39 

References ............................................................................................................... 41 

Chapter 2 Prefectural Mortality in Relationship to Socioeconomic Status and 

Long-term Care in Japan ............................................................................................. 46 

2.1 Introduction ....................................................................................................... 47 

2.2. Methods ............................................................................................................ 52 

2.2.1 Study Units .............................................................................................. 52 

2.2.2 Data Collection ........................................................................................ 52 

2.2.3 Statistical Methods .................................................................................. 53 



ii 

2.3 Results ............................................................................................................... 54 

2.3.1 Descriptive Characteristics ...................................................................... 54 

2.3.2 Correlation Analysis Results ................................................................... 67 

2.3.3 Regression Analysis Results .................................................................... 68 

2.4 Discussions ........................................................................................................ 70 

2.4.1 SES, LTC, and Mortality Variations in Japan .......................................... 70 

2.4.2 Gender Differences in SES-Mortality Associations ................................ 71 

2.4.3 SES Effect on Mortality and LTC of the Elderly .................................... 72 

2.4.4 Study Limitations .................................................................................... 73 

2.5 Conclusions ....................................................................................................... 74 

References ............................................................................................................... 75 

Chapter 3 Healthy Life Expectancy in Relation to Socioeconomic Status and 

Physical Health among Japanese Elderly ................................................................... 79 

3.1 Introduction ....................................................................................................... 81 

3.2 Data and Methods .............................................................................................. 83 

3.2.1 Study Design and Subjects ...................................................................... 83 

3.2.2 Data Collection ........................................................................................ 85 

3.2.3 Data Analysis ........................................................................................... 86 

3.3 Results ............................................................................................................... 88 

3.3.1 Frequency Distribution for Observed Variables ...................................... 88 

3.3.2 Prevalence of Observed Variables in Different Subgroups ..................... 92 

3.3.3 Factors Associated with Mortality ........................................................... 97 

3.3.4 Factors Associated with SRH ................................................................ 100 

3.4 Discussions ....................................................................................................... 110 

3.5 Conclusions ...................................................................................................... 112 

References .............................................................................................................. 113 

Chapter 4 Healthy Life Expectancy in Relation to the Socioeconomic Status, 

Physical Health and Long-term Care among Japanese Elderly ............................. 117 

4.1 Introduction ...................................................................................................... 119 

4.2 Material and Methods ...................................................................................... 121 

4.2.1 Study Setting — Tama City ................................................................... 121 

4.2.2 Study Subjects ....................................................................................... 124 

4.2.3 Data Collection ...................................................................................... 124 

4.2.4 Statistical Methods ................................................................................ 126 

4.2.5 Ethical Approval .................................................................................... 127 



iii 

4.3 Results ............................................................................................................. 128 

4.3.1 Descriptive Analysis Results ................................................................. 128 

4.3.2 Survival Analysis Results ...................................................................... 135 

4.3.3 Factor Analysis Results ......................................................................... 139 

4.3.4 Structural Equation Modeling Analysis Results .................................... 141 

4.4 Discussions ...................................................................................................... 149 

4.5 Conclusions ..................................................................................................... 152 

References ............................................................................................................. 153 

Chapter 5 Conclusions and Implications.................................................................. 157 

5.1 Framework of Dissertation .............................................................................. 159 

5.2 Main Conclusions ............................................................................................ 160 

5.3 Notable Findings ............................................................................................. 162 

5.4 Implications ..................................................................................................... 165 

5.5 Limitations and Future Studies ........................................................................ 166 

ACKNOWLEDGEMENTS ....................................................................................... 167 

ABSTRACT ( in Japanese)  

APPENDIX A: Questionnaire for 16 municipalities 

APPENDIX B: Questionnaires for Tama City



 

 



v 

 

List of Tables  

Table 1.1: Aging rate in selected countries .......................................................................4 

Table 1.2: Global HALE by gender and age in 1990 and 2010 ......................................20 

Table 2.1: Prefectural mortality, SES and LTC characteristics of Japan in 1995 ...........55 

Table 2.2: Prefectural mortality, SES and LTC characteristics of Japan in 2000 ...........55 

Table 2.3: Prefectural mortality, SES and LTC characteristics of Japan in 2005 ...........55 

Table 2.4: Descriptive characteristics of mortality and LTC indicators by prefectural 

education level in Japan...................................................................................................62 

Table 2.5: Descriptive characteristics of mortality and LTC indicators by prefectural 

income level in Japan ......................................................................................................62 

Table 2.6: Descriptive characteristics of mortality and LTC indicators by prefectural 

employment level in Japan ..............................................................................................63 

Table 2.7: Descriptive characteristics of mortality indicators by prefectural LTC 

application rate in Japan ..................................................................................................63 

Table 2.8: Mortality and LTC indicators of 9 regions in Japan ......................................65 

Table 2.9: SES indicators of 9 regions in Japan .............................................................66 

Table 2.10: Results of univariate linear regression analysis: age-adjusted death rate for 

males associated with SES and LTC ...............................................................................69 

Table 2.11: Results of univariate linear regression analysis: death rate of people ≥ 65 

years associated with SES and LTC ................................................................................69 

Table 2.12: Results of univariate linear regression analysis: rate of application for LTC 

need associated with SES ................................................................................................69 

Table 3.1: Study subjects by gender, age and geographic location ................................84 

Table 3.2: HALE characteristics of respondents: vital status and SRH .........................89 

Table 3.3: Physical health characteristics of respondents ...............................................91 

Table 3.4: Socioeconomic characteristics of respondents: annual income .....................92 

Table 3.5: Distribution of observed variables by gender and age ...................................93 

Table 3.6: Distribution of observed variables by geographic location ...........................94 

Table 3.7: Distribution of observed variables by SRH ...................................................95 

Table 3.8: Distribution of observed variables by annual income ...................................96 

Table 3.9.1: Independent association of each variable with mortality in crude model by 

gender ..............................................................................................................................99 



vi 

 

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

age....................................................................................................................................99 

Table 3.9.3: Independent association of each variable with mortality in crude model by 

geographic location .......................................................................................................100 

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

on SRH by gender .........................................................................................................103 

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

disability by gender .......................................................................................................103 

Table 3.11.1: Standardized effects of annual income, chronic illness, physical disability 

on SRH by age ...............................................................................................................106 

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

disability by age .............................................................................................................106 

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

on SRH by geographic location .....................................................................................109 

Table 3.12.2: Standardized effects of annual income on chronic illness and physical 

disability by geographic location ...................................................................................109 

Table 4.1: Status of implementation of long-term care insurance system in Tama City, 

Tokyo and Japan in 2011 ...............................................................................................123 

Table 4.2: Study subjects by gender and age ................................................................126 

Table 4.3: Distribution of observed variables by gender and age .................................130 

Table 4.4: Distribution of observed variables and survival status by gender ...............131 

Table 4.5: Descriptive characteristics of subjects by gender and LTC needs ...............132 

Table 4.6: Physical health status for subjects in 2001 and 2004 by gender ..................133 

Table 4.7.1: Correlations between observed variables for elderly men ........................134 

Table 4.7.2: Correlations between observed variables for elderly women ...................134 

Table 4.8: Independent association of each variable with mortality ............................139 

Table 4.9: KMO and Bartlett’s test result .....................................................................140 

Table 4.10: Factor analysis results — rotated component matrix................................ 140 



vii 

 

List of Figures 

Figure 1.1: Numbers and proportions of population aged ≥ 60 years: 1950-2050 .......... 4 

Figure 1.2: Male and female life expectancy at birth: 1950-2050 .................................. 6 

Figure 1.3: Male and female life expectancy at age 65 years in selected OECD 

countries: 1960 and 2009 .................................................................................................. 6 

Figure 1.4: Population aging trends in Japan: 1950-2060 ............................................... 8 

Figure 1.5: Trends in average life expectancy at birth: 1955-2055 ................................. 8 

Figure 1.6: Aging rate trends in the 47 prefectures: 2011 (left) and 2035 (right) ........... 9 

Figure 1.7: ICF model ................................................................................................... 15 

Figure 1.8: Gini coefficient of OECD countries ............................................................ 25 

Figure 1.9: Relative poverty rates (%) of OECD countries ........................................... 25 

Figure 1.10: Average income per household and per household member by age group of 

householder head, 2006 .................................................................................................. 27 

Figure 1.11: Distribution of income by all households and aged households ............... 27 

Figure1.12: Hypotheses about SES-Health associations at older age ........................... 28 

Figure 1.13: Hypothetical model of this dissertation .................................................... 37 

Figure 2.1: Healthy life expectancy (HALE) at birth by gender in 2010 ...................... 51 

Figure 2.2: Distributions of prefectural mortality of Japan in 1995 .............................. 56 

Figure 2.3: Distributions of prefectural SES of Japan in 1995 ...................................... 57 

Figure 2.4: Distributions of prefectural mortality and LTC of Japan in 2000 ............... 58 

Figure 2.5: Distributions of prefectural SES of Japan in 2000 ...................................... 59 

Figure 2.6: Distributions of prefectural mortality and LTC of Japan in 2005 ............... 60 

Figure 2.7: Distributions of prefectural SES of Japan in 2005 ...................................... 61 

Figure 3.1: The study area included 16 municipalities of 10 prefectures across Japan 84 

Figure 3.2: Hypothetical model ― structural relationships between annual income, 

physical disability, chronic illness and SRH .................................................................. 88 

Figure 3.3: Cause of death by gender and age ............................................................... 89 

Figure 3.4: Kaplan-Meier survival curves according to income level for elderly men 

and women ...................................................................................................................... 98 

Figure 3.5.1: Structural relationships among annual income, chronic illness, physical 

disability and SRH for elderly men .............................................................................. 102 

Figure 3.5.2: Structural relationships among annual income, chronic illness, physical 



viii 

 

disability and SRH for elderly women ......................................................................... 102 

Figure 3.6.1: Structural relationships among annual income, chronic illness, physical 

disability and SRH for young-old elderly .................................................................... 105 

Figure 3.6.2: Structural relationships among annual income, chronic illness, physical 

disability and SRH for old-old elderly ......................................................................... 105 

Figure 3.7.1: Structural relationships among annual income, chronic illness, physical 

disability and SRH for the elderly lived in villages ..................................................... 108 

Figure 3.7.2: Structural relationships among annual income, chronic illness, physical 

disability and SRH for the elderly lived in towns ........................................................ 108 

Figure 3.7.3: Structural relationships among annual income, chronic illness, physical 

disability and SRH for the elderly lived in cities ......................................................... 109 

Figure 4.1: Population aged ≥ 65 years old in Tama City from 1970 to 2010 ............ 122 

Figure 4.2: Life expectancy at birth in Tama City and Tokyo by gender .................... 123 

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

health, LTC level and HALE ........................................................................................ 127 

Figure 4.4.1: Kaplan-Meier survival curves according to income and educational levels 

in 2001 for men ............................................................................................................ 136 

Figure 4.4.2: Kaplan-Meier survival curves according to income and educational levels 

in 2001 for women ........................................................................................................ 137 

Figure 4.4.3: Kaplan-Meier survival curves according to LTC level in 2004 by gender

 ...................................................................................................................................... 138 

Figure 4.5.1: Structural relationships among HALE, SES, physical health and LTC 

level for the elderly men ............................................................................................... 144 

Figure 4.5.2: Structural relationships among HALE, SES, physcial health and LTC 

level for the elderly women .......................................................................................... 144 

Figure 4.6.1: Standardized effects of SES, physcial health and LTC level on HALE by 

gender ........................................................................................................................... 145 

Figure 4.6.2: Standardized effects of SES on physcial health and LTC level by gender

 ...................................................................................................................................... 145 

Figure 4.7.1: Structural relationships among HALE, SES, physcial health and LTC 

level for the 65-69 years old group ............................................................................... 146 

Figure 4.7.2: Structural relationships among HALE, SES, physcial health and LTC 

level for the 70-74 years old group ............................................................................... 146 

Figure 4.7.3: Structural relationships among HALE, SES, physcial health and LTC 

level for the 75-79 years old group ............................................................................... 147 



ix 

 

Figure 4.7.4: Structural relationships among HALE, SES, physcial health and LTC 

level for the 80-84 years old group ............................................................................... 147 

Figure 4.8.1: Standardized effects of SES, physcial health and LTC level on HALE by 

four age groups ............................................................................................................. 148 

Figure 4.8.2: Standardized effects of SES on physcial health and LTC level by four age 

groups ........................................................................................................................... 148 

Figure 5.1: The correlations between SES, LTC and mortality in Japan .................... 164 

Figure 5.2: The structural relationships among annual income, physical health and SRH 

of the individual elderly in Japan ................................................................................. 164 

Figure 5.3: The structural relationships among SES, physical health, LTC level and 

HALE of the individual elderly in Japan ...................................................................... 165



 

 



 

 

Chapter 1  

Introduction



 

 

 



 

3 

 

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
1
 (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. 
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Figure 1.1: Numbers and proportions of population age  60 years: 1950–2050. 

(Source: United Nations Department of Economic and Social Affairs, 2011
1
.) 

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

Japan, 2011
2
.)  

Years required for attainment

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

Percentage of population ≥ 65 years old (year attained)
Country
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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
3
. 

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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Figure 1.2: Male and female life expectancy at birth: 1950-2050. (Source: United 

Nations Department of Economic and Social Affairs, 2011
1
.) 
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Figure 1.3: Male and female life expectancy at age 65 years in selected OECD 

countries: 1960 and 2009. (Source: OECD Health Data 2011; World Bank and national sources 

for non-OECD countries
4
.) 



 

7 

 

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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of Internal Affairs and Communications, “Population Census.” After 2015, National Institute of 

Population and Social Research, “Projected Population of Japan” in 2011, based on the estimated 

figure on the assumption that birth and death rates are ranked medium
5
.) 
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Figure 1.5: Trends in average life expectancy at birth: 1955–2055. (Source: Up to 2005, 

Ministry of Internal Affairs and Communications, “Complete life tables.” “Abridged life table” in 

2009. After 2015, National Institute of Population and Social Research, “Projected Population of 

Japan” in 2005, based on the estimated figure on the assumption that birth and death rates are ranked 

medium
5
.) 
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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. 

 

Figure 1.6: Aging rate trends in the 47 prefectures: 2011 (left) and 2035 (right). 

(Source: Ministry of Internal Affairs and Communications, Projected Population of Japan, 

2011.National Institute of Population and Social Research, “Projected Population of Japanese 47 

prefectures” in 2006
5
.) 
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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’
6
. 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
7
. 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
8
. 

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
9
. 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
10,11

. 
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Gruenberg
12

 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
13

 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
14

. 

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
15

. 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
16

, 

the United Kingdom (UK)
 17

, Japan
18

, and Taiwan
19

. The first wave of very robust 

evidence for this altered view of disability trends in the older population came from the 

United States
20, 21

. 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
22

 and 
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Denmark
23

, appeared to have experienced an actual contraction of the period of 

disability at the end of life. Strong evidence from New Zealand
24

 and the Netherlands
25, 

26
 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
7, 27

. 

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
28

. 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) 
28

.  
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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
29

 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
30

 first elaborated the concept of HALE in 1964, but it was not until the 

early 1970s that Sullivan
31

 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
32

. 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
31

. 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
33

. 

The WHO
34

 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
35

. 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)” 
37

, 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 



 

15 

 

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
38

, and Instrumental Activities of Daily Living (IADL) 

developed by Lawton and Brody in 1969
39

. 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
40

, 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
41

. 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
42-44

. 
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Figure 1.7: ICF model. (Source: WHO, 2001
37

.) 
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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)
45

 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
45

. 

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
41

. 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
46

. 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
47

. 

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
48

. Schroll et al.
49

 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
50

. 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
33

. 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
51

. Seko et al.
52

 

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
53

.  

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
54-56

. 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
57

. 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 

expectations toward health over time
53, 58

. In brief, SRH allows for at least some 

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
59

 from 

1978–1986, Great Britain
60

 from 1980–1996, and Austria
61

 from 1978–1998; a 

downward trend was observed in Germany
62

 from 1986–1995, while in the 

Netherlands
63

, from 1983–2000, an upward trend was observed for men, while a 

downward or stable trend occurred for women. In Japan, Young et al.
53 

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
32

. 

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
32

.)  

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 55.5 (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) 52.5 (50.8–54.2)

20 years 42.5 (41.0–43.8) 44.4 (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) 44.1 (42.5–45.6)

30 years 34.3 (33.0–35.5) 36.2 (34.8–37.6) 37.6 (36.1–38.9) 40.0 (38.5–41.4)

35 years 30.3 (29.1–31.5) 32.3 (30.9–33.5) 33.6 (32.2–34.8) 35.9 (34.5–37.3)

40 years 26.5 (25.3–27.5) 28.4 (27.1–29.6) 29.6 (28.4–30.8) 32.0 (30.6–33.2)

45 years 22.7 (21.6–23.7) 24.6 (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) 22.1 (21.0–23.1) 24.2 (23.1–25.2)

55 years 15.9 (15.1–16.7) 17.6 (16.6–18.5) 18.6 (17.6–19.5) 20.5 (19.5–21.5)

60 years 13.0 (12.2–13.7) 14.4 (13.6–15.2) 15.3 (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) 8.3 (7.8–8.9)

80 years 4.4 (4.1–4.8) 5.1 (4.7–5.5) 5.3 (4.9–5.7) 6.1 (5.7–6.5)

Male healthy life expectancy Female healthy life expectancy 

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

1990 2010 1990 2010

 

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
64

. 

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. 



 

22 

 

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
65

. 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
66

 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
67

. 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
68

. 

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
69

. 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
3
 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 1.8: Gini coefficient of OECD countries. (Source: OECD, 2008
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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
71

. 

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)
 73

. 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
74

. 
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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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Figure 1.11: Distribution of income by all households and aged households. (Source: 
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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).  
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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
75, 

76
. 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
77

. 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
78

. 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
79

. 

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-concept
79, 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
81, 82

. 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
83

. 

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
84

. 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
85

.  

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
86

. 
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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
87

. 

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
88

. 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
89

.  

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)
90

. 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
91

. By 

surveying Japanese workers age 20–40 years, Togari and Yamazaki
92 

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
93

, 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
94

. 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
95,96

. 

In Japan, Fujino et al.
90

 examined the association between educational level and 

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
97

. 



 

32 

 

    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. 
98

 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.
99

 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.
100

 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
101

 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
102

. 

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. 
103

 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, 

and health behavior. Yamazaki et al.
104

 examined the association between annual 

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.
105

 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
106

 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
107

. 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
108

. In Japan, a study conducted by Liang et al.
103

 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
109

. 

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 



 

34 

 

1993–1998 periods for both males and females
105

. 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
110

. 

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: The level of SES will be positively associated with HALE directly (Figure 

1.13: path ①); 

H2: The level of SES will be negatively associated with the LTC level directly 

(Figure 1.13: path ②); 

H3: The level of SES will be associated with the physical health status directly 

(Figure 1.13: path ③); 

H4: The physical health status will affect the LTC level directly (Figure 1.13: 

path ④); 

H5: The level of SES will affect HALE indirectly via LTC level (Figure 1.13: 

path ②―⑤); 

H6: The level of SES will affect HALE indirectly via physical health status 

(Figure 1.13: path ③―⑥); 

H7: The level of SES will affect HALE indirectly via physical health and LTC 

level (Figure 1.13: path ③―④―⑤); 

H8: Gender, age, and geographic differences exist in the structural relationships 

among SES, physical health, LTC level, and HALE. 
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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
38

, while IADL included five items: reading, grocery shopping, meal 

preparation, money arrangement, and insurance and pension management
111

. 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 

(χ
2
), Normalized Fit Index (NFI), Comparative Fit Index (CFI), 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. 
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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
112

. 
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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
1, 

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
3
. Recently, Joumard et al.

4
 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
5-7

. 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
8
. 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
9
. 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
10

.) 
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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, “to”), 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 coefficient 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. 
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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 CV

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 CV

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 4.77

LTC

Rate of certification for LTC need 16.56 12.70 20.93 1.96 11.83

SES 

Enrollment 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. 

 

 



 

58 

 

 

 

 

 Figure 2.4: Distributions of prefectural mortality and LTC of Japan in 2000. 
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Figure 2.5: Distributions of prefectural SES of Japan in 2000. 
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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. 

Ⅰ Ⅱ Ⅲ Ⅳ Ⅴ

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

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) 6.54 (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

Death rate of people ≥ 65 years old 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 2.98  (0.12) 2.88  (0.12) 3.05 (0.15) 2.94 (0.14) 2.94 (0.10) 0.007

Death rate of people ≥ 65 years old 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

2000

2005

Enrollment rate in higher education: Mean (SD) Corrlation

coefficient
Year Mortality and LTC indicators

1995

 

**p<0.01. 

Table 2.5: Descriptive characteristics of mortality and LTC indicators by 

prefectural income levels in Japan. 

Ⅰ Ⅱ Ⅲ Ⅳ Ⅴ

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

Age-adjusted death rate, females 3.71 (0.27) 3.77 (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**

Age-adjusted death rate, females 3.19 (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 years old 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) 11.57 (1.52) 10.17 (1.75) 10.14 (0.72) -0.595**

Age-adjusted death rate, males 6.27 (0.48) 5.97 (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) 2.96 (0.14) 3.00 (0.13) 3.00 (0.16) 0.107

Death rate of people ≥ 65 years old 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**

1995

2000

2005

Corrlation

coefficient

Prefectural per capita income: Mean (SD)

Mortality and LTC indicatorsYear

 

*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. 

Ⅰ Ⅱ Ⅲ Ⅳ Ⅴ

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**

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

Death rate of people ≥ 65 years old 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*

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 years old 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**

2000

2005

Corrlation

coefficient

Total employment rate: Mean (SD)

Mortality and LTC indicatorsYear

1995

 

*p<0.05; **p<0.01. 

Table 2.7: Descriptive characteristics of mortality indicators by prefectural LTC 

application rates in Japan.  

Ⅰ Ⅱ Ⅲ Ⅳ 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**

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 years old 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

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 years old 34.29 (1.30) 34.34 (1.30) 34.88 (1.41) 35.04 (1.29) 35.51 (0.86) 0.337*

2005

Year Mortality indicators

LTC application rate: Mean (SD)
Corrlation

coefficient

2000

 

*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. 

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

Kansai 7.42 9 6.39 5 5.91 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 3.31 9 3.08 9

Chubu 3.67 3 3.09 2 2.87 2

Kansai 4.07 9 3.27 6 3.03 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

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

Kansai ― ― 11.16 4 17.27 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

2005

Age-adjusted death

rate, males

Age-adjusted death

rate, females

Death rate of people

≥ 65 years old

Rate of certification

for LTC need

Indicators Regions
1995 2000
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Table 2.9: SES indicators of 9 regions in Japan. 

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

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

Kansai 3023.71 3 2978.43 3 2905.29 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

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

2000 2005

Enrollment rate in

higher education

Prefectural per

capita income

Total employment

rate

Indicators Regions
1995
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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
2
 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
2
 of 0.34 vs. R

2
 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. 

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

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

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

Year Adjusted R
295% CI

B SE Exp (B) p -valueVariables

2000

2005

 

Table 2.11: Results of univariate linear regression analysis: death rate of people  

65 years associated with SES and LTC. 

lower upper

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

Adjusted R
2

95% CI
Year Variables B Exp (B) p -valueSE

2005

 

Table 2.12: Results of univariate linear regression analysis: rate of application for 

LTC need associated with SES. 

lower 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

Adjusted R
2

95% CI
Year Variables B SE Exp (B) p -value
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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
11-13

. 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
14-16

. 

    SES has been shown, by cross-sectional, longitudinal, and ecological studies, to be 

a primary determinant of health
17-19

. 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
20, 21

. There are several plausible explanations for this tendency. Firstly, 

males were more sensitive to socioeconomic status than females
22

. 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
23, 24

. In Japan, the percentage of individuals with unhealthy lifestyle, such as 

smoking and alcohol consumption, is strikingly lower in females than in males
25

. 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
26

. 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
27, 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
29-31

. 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
32, 33

. 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
34-36

. 

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
37, 38

; 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
39, 40

. 

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
41

. 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
42

. 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
43

. 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
44

. 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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3.1 Introduction 

Health is a state of complete physical, mental and social well-being, not merely the 

absence of disease or infirmity
1
; 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.”
2
 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
3
. 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
4
. Using data from the World Value Survey, 

Carlson
5, 6 

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
7
. 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
8
. 

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
9
. 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
10

. Much evidence has suggested 
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that people in poorer physical health are more likely to die
11

, 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
12

. 

However, the importance of each component may differ between and within countries 

and cultures
13

. 

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
14

. 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
15, 16

.
 
The results of a 

related ecological study from Fukuda et al.
17

 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

(n = 1,402)

Town

(n = 9,825)

City

(n = 4,027)

Total

(n = 15,254)

n 442 3,081 1,165 4,688

% 9.4 65.7 24.9 100

n 184 1,280 491 1,955

% 9.4 65.5 25.1 100

n 500 3,687 1,687 5,874

% 8.5 62.8 28.7 100

n 276 1,777 684 2,737

% 10.1 64.9 25 100

Men

(n = 6,643)

Young-old 

Old-old 

Women

(n = 8,611)

Young-old 

Old-old 
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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 

illness” 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 than1 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
18

: “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
19

. 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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Annual income

Physical disability

SRH

Chronic illness

 

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. 

Table 3.2: HALE characteristics of respondents: vital status and SRH. 

n %

alive 14,947 98.0

deceased 307 2.0

poor 1,312 8.6

fair 2,829 18.5

good 9,708 63.6

very good 1,405 9.2

Variables Indicators
Total (n = 15,254)

Vital status 

SRH
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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. 

n % n %

yes 6,432 42.2

no 8,822 57.8

yes 4,365 28.6
no 10,889 71.4
yes 1,930 12.7
no 13,324 87.3
yes 4,078 26.7
no 11,173 73.2

missing 3 0.0
yes 1,333 8.7
no 13,921 91.3
yes 3,965 26.0
no 11,289 74.0
yes 766 5.0
no 12,818 84.0

missing 1,670 10.9

yes 4,656 30.5

no 10,597 69.5

missing 1 0.0

yes 685 4.5

no 14,569 95.5

yes 1,091 7.2

no 14,163 92.8

yes 1,872 12.3

no 13,382 87.7

yes 606 4.0

no 14,648 96.0

yes 3,497 22.9

no 11,757 77.1

unable to 1,049 6.9

able to 12,609 82.7

missing 1,596 10.5

unable to 1,460 9.6

able to 11,943 78.3

missing 1,851 12.1

unable to 1,211 7.9

able to 12,178 79.8

missing 1,865 12.2

unable to 1,795 11.8

able to 11,514 75.5

missing 1,945 12.8

unable to 1,605 10.5

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 11.5

able to (for a short time) 406 2.7

unable to 340 2.2

missiing 1,683 11.0

Bedridden status
Getting up and lying down in

bed  in the day time

2 point 1,759 11.5

3 point 746 4.9

IADL disability

shopping
0 point 9,633 63.2

cooking

1 point 3,956 25.9conducting banking

transactions

managing insurance and

pension

higher than 1 point 1,665 10.9

reading

38.4

cerebrovascular disease

1 point 6,946 45.5 diabetes mellitus

cardiovascular disease

higher than 1 point 2,455 16.1
hepatic disease

other diseases

other parts

Comorbidity

hypertension
0 point 5,853

Degree of pain

waist 

0 point 3,495 22.9
arthritis

ankle

1 point 4,496 29.5foot

head

higher than 1 point 7,263 47.6
shoulder

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

Total (n = 15,254)
Category- after 
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Table 3.4: Socioeconomic characteristics of respondents: annual income. 

n % n %

0 million 386 2.5

0-1 million 3,497 22.9

1-2 million 3,226 21.1

2-3 million 2,289 15

3-4 million 1,510 9.9

4-5 million 661 4.3

5-7 million 480 3.1

6-8 million 137 0.9

8-9 million 92 0.6

9-10 million 56 0.4

higher than 10 million 117 0.8

missing 2,803 18.4

Annual income

(yen)

0-1 million 3,883 25.5

1-3 million

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

Category-after
Total (n = 15,254)

8,318 54.5

higher than 3 million 3,053 20.0

 

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. 

n % n % n % n %

alive 4,574 97.6 1,893 96.8 5,800 98.7 2,680 97.9

deceased 114 2.4 62 3.2 74 1.3 57 2.1

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

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

0 point 1,283 27.4 528 27.0 1,148 19.5 536 19.6

1 point 1,377 29.4 621 31.8 1,693 28.8 805 29.4

higher than 1 point 2,028 43.3 806 41.2 3,033 51.6 1,396 51.0

0 point 1,830 39.0 767 39.2 2,305 39.2 951 34.7

1 point 2,060 43.9 843 43.1 2,713 46.2 1,330 48.6

higher than 1 point 798 17.0 345 17.6 856 14.6 456 16.7

0 point 2,984 63.7 1,178 60.3 3,898 66.4 1,573 57.5

1 point 1,298 27.7 567 29.0 1,373 23.4 718 26.2

higher than 1 point 406 8.7 210 10.7 603 10.3 446 16.3

1 point 3,973 84.7 1,601 81.9 4,982 84.8 2,193 80.1

2 point 493 10.5 246 12.6 629 10.7 391 14.3

3 point 222 4.7 108 5.5 263 4.5 153 5.6

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 3,176 54.1 1,513 55.3

higher than 3 million 1,350 28.8 462 23.6 945 16.1 296 10.8

SRH

Vital status

Old-old (n = 2,737)Young-old (n = 4,688) Old-old (n = 1,955)

p < 0.001

p -value p -value

Elderly men Elderly women

p < 0.01

p < 0.01

p < 0.001

p < 0.001

p < 0.001

p < 0.001

p = 0.11

p = 0.24

p = 0.49

p = 0.88

p < 0.05 p < 0.05

p = 0.53

p < 0.001

p = 0.88

p -value

p < 0.001

p < 0.001

p < 0.001

p = 0.87

Degree of pain

IADL disability

Bedridden status 

Annual income 

Comorbidity

p < 0.01

Young-old (n = 5,874)
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Table 3.6: Distribution of observed variables by geographic location. 

n % n % n %

Vital status

alive 1,383 98.6 9,592 97.6 3,972 98.6

deceased 19 1.4 233 2.4 55 1.4

SRH

poor 122 8.7 879 8.9 311 7.7

fair 269 19.2 1,870 19.0 690 17.1

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 24.4 2,064 21.0 1,089 27.0

1  point 459 32.7 2,656 27.0 1,381 34.3

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 45.8

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 71.9

1  point 449 32.0 2,707 27.6 800 19.9

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

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

higher than 3 million 159 11.3 1,995 20.3 899 22.3

p < 0.001

p < 0.001

Geographic location

p < 0.01

p < 0.001

p < 0.001

Variables p - value

p < 0.001

p < 0.01

Village (n = 1,402) Town (n = 9,825) City (n = 4,027)
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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. 

n % n % n % n %

Degree of pain

0 point 168 12.8 296 10.5 2,304 23.7 727 51.7

1  point 262 20.0 717 25.3 3,161 32.6 356 25.3

higher than 1  point 882 67.2 1,816 64.2 4,243 43.7 322 22.9

Comorbidity

0  point 145 11.1 500 17.7 4,238 43.7 970 69.0

1  point 654 49.8 1,514 53.5 4,379 45.1 399 28.4

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 51.9 6,794 70.0 1,028 73.2

1  point 405 30.9 890 31.5 2,357 24.3 304 21.6

higher than 1  point 564 43.0 471 16.6 557 5.7 73 5.2

Bedridden status

1  point 628 47.9 2,114 74.7 8,711 89.7 1,296 92.2

2  point 304 23.2 530 18.7 835 8.6 90 6.4

3  point 380 29.0 185 6.5 162 1.7 19 1.4

Annual income 

0-1 million 452 34.5 922 32.6 2,219 22.9 290 20.6

1-3 million 710 54.1 1,485 52.5 5,373 55.3 750 53.4

higher than 3 million 150 11.4 422 14.9 2,116 21.8 365 26.0

Poor (n = 1,312)

p < 0.001

p < 0.001

Self-rated health

Variables Fair (n = 2,829) Good (n = 9,708) Very good (n = 1,405)

p < 0.001

p < 0.001

p < 0.001

p -value
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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. 

n % n % n %

Degree of pain

0 point 750 19.3 1,912 23.0 833 27.3

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

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

1 point 1,258 32.4 2,166 26.0 532 17.4

higher than 1 point 729 18.8 798 9.6 138 4.5

Bedridden status 

1 point 2,967 76.4 6,984 84.0 2,798 91.6

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

deceased 121 3.1 149 1.8 37 1.2

p < 0.001

p - value

p < 0.001

p < 0.001

p < 0.001

p < 0.001

Annual income 

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

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 0.830 1.737 0.331 1.061 0.650 1.732 0.813

Comorbidity (ref: 0 point)

1 point 2.168 1.477 3.181 0.000 1.882 1.210 2.926 0.005

higher than 1 point 3.021 1.967 4.639 0.000 3.044 1.846 5.021 0.000

IADL disability (ref: 0 point)

1 point 2.188 1.515 3.160 0.000 2.421 1.599 3.666 0.000

higher than 1 point 7.319 5.094 10.518 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 1.121 2.921 0.015

3 point 10.030 7.104 14.159 0.000 5.400 3.452 8.448 0.000

Income level (ref: higher than 3 million)

0-1 million 3.445 2.226 5.333 0.000 2.905 1.382 6.108 0.005

1-3 million 1.349 0.881 2.064 0.168 2.136 1.026 4.446 0.043

p -value
Predictor variable 

Men Women

Hazard ratio
95% CI

p -value Hazard ratio
95% CI

 

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

model by age. 

Lower Upper Lower Upper

Degree of pain (ref: 0 point)

1 point 1.322 0.889 1.966 0.169 0.918 0.554 1.522 0.741

higher than 1 point 1.068 0.730 1.564 0.734 1.021 0.644 1.620 0.928

Comorbidity (ref: 0 point)

1 point 2.039 1.409 2.953 0.000 1.909 1.199 3.038 0.006

higher than 1 point 3.385 2.245 5.104 0.000 2.523 1.477 4.307 0.001

IADL disability (ref: 0 point)

1 point 2.343 1.648 3.330 0.000 2.233 1.435 3.475 0.000

higher than 1 point 6.572 4.634 9.321 0.000 4.086 2.597 6.427 0.000

Bedridden status (ref: 1 point)

2 point 2.514 1.701 3.715 0.000 1.799 1.092 2.962 0.021

3 point 8.484 6.019 11.959 0.000 6.575 4.231 10.217 0.000

Income level (ref: higher than 3 million)

0-1 million 3.398 2.078 5.559 0.000 1.371 0.781 2.405 0.271

1-3 million 1.769 1.090 2.872 0.021 0.952 0.553 1.639 0.860

Predictor variable 

Young-old Old-old

Hazard ratio
95% CI

p -valueHazard ratio
95% CI

p -value
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Table 3.9.3: Independent association of each variable with mortality in crude 

model by geographic location. 

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 2.572 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 1.534 7.259 0.002

higher than 1 point 1.998 0.447 8.928 0.365 2.770 1.922 3.992 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 1.547 2.993 0.000 2.746 1.533 4.920 0.001

higher than 1 point 2.000 0.500 7.999 0.327 6.542 4.775 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 4.316 15.499 0.000

Income level (ref: higher than 3 million)

0-1 million — — — — 2.206 1.475 3.300 0.000 3.832 1.438 10.211 0.007

1-3 million — — — — 1.199 0.807 1.782 0.368 2.408 0.934 6.205 0.069

Predictor variable 
p -value Hazard ratio

95% CI
p -value

Village Town City

Hazard ratio
95% CI

p -value Hazard ratio
95% CI

 

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
2 

= 0.59 for elderly men and R
2 

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

disability on SRH by gender. 

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

Standardized effects
SES Chronic illness Physical disability

 

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

disability by gender. 

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

Chronic illness Physical disability
Standardized effects
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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
2 

= 0.57 for the young-old elderly and R
2 

= 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. 

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

Standardized effects
SES Chronic illness Physical disability

 

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

disability by age. 

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

Physical disability
Standardized effects

Chronic illness 
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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
2 

= 0.52 for the subjects lived in villages, R
2 

= 0.55 

for the subjects lived in towns and R
2 

= 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 

illness 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. 

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 0.135 0.138 0.134 -0.693 -0.655 -0.715 -0.205 -0.378 -0.288

Standardized effects
Physical disabilitySES Chronic illness 

 

Table 3.12.2: Standardized effects of annual income on chronic illness and physical 

disability by geographic location. 

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

Chronic illness Physical disability
Standardizes effects
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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 

correlated with chronic diseases or symptoms
20-23

 and functional decline or 

disability
24-27

. In addition, there is a consistent inverse relationship between SES and 

disability worldwide
28

. 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 

older men, given a specific health state
29

. According to Deeg et al.
30

, older women have 

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
31-33

. 

Previous studies indicated that health eventually converges across different SES, 

because people inevitably weaken and die in old age, regardless of social class
34

. 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
17

. 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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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)
1
. 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
2
; 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
3
. 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
4
. 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
5
, 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
6
. 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
7
. 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
8
. 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
9
. 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
10

.  

    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%)
 11

. 

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
12

. 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
13

. 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
14

. Much evidence has also suggested that 

people in poorer physical health are more likely to die
15

 and activity disability is most 

common among the elderly. Globally, disability prevalence rates have been falling 

among the elderly
16

, 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
17

. 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
18

. 

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
19

. 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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Figure 4.1: Population aged ≥ 65 years old in Tama City from 1970 to 2010. 

(Source: Tama City census, 2012
20

.) 
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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, 20121, 20.) 

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
20

; Cabinet Office, 

2012
21

; Ministry of Health, Labor and Welfare, 2011
22

.) 

Tama city Tokyo Japan

Total population (thousands) 147 12,869 126,180

Number of insured persons ≥ 65 years (thousands)

(aging rate %)

30

(20.6%)

2,615

(20.6%)

29,090

(23.1%)

Number of persons requiring LTC or support (thousands)

(%)

3

(12.0%)

433

(16.6%)

4,872

(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 ɑ = 

0.81). These indicators were collected from the questionnaire surveys conducted in 

2001 and 2004. BADL included three items
23

: going to the toilet, taking a bath, and 

taking a walk outside (Cronbach’s ɑ = 0.77), while IADL included five items
24

: reading, 

grocery shopping, meal preparation, money arrangement and insurance and pension 

management (Cronbach’s ɑ = 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 



 

126 

 

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. 

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

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

% 48.3 28.6 15.6 7.5 100

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

% 42.8 27.5 20.1 9.7 100

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

% 45.4 28 18 8.6 100

Men

Women

Total

Young-old Old-old
Total

 

4.2.4 Statistical Methods 

Basic descriptive statistics were generated for the entire sample and stratified by 

gender. A χ
2
-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
25

. 

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
26

, 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 (χ
2
), 

Normalized Fit Index (NFI), Comparative Fit Index (CFI), 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.  

HALESES 2001

LTC level 2004

Physical health

status 2001

Physical health

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 
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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. 

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 0.6 7 0.2 7 0.6

3 10 0.3 5 0.6 5 0.2 13 1.1

missing 65 2.3 26 3.0 61 2.1 31 2.5

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 1.7 23 2.7 37 1.3 46 3.7

3 37 1.3 17 2.0 27 0.9 29 2.3

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 1.7 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 23.4 244 28.2 504 17.3 289 23.4

2 107 3.7 36 4.2 53 1.8 54 4.4

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 12.4 309 25.0

2 28 1.0 24 2.8 33 1.1 55 4.5

3 24 0.8 16 1.8 16 0.5 31 2.5

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 1.4 23 2.7 30 1.0 44 3.6

4 35 1.2 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 5.9 86 2.9 56 4.5

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 1.4 29 1.0 39 3.2

2 36 1.2 37 4.3 60 2.1 99 8.0

3 30 1.0 20 2.3 17 0.6 22 1.8

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 13.7 219 17.7

good 1,613 55.9 428 49.4 1,667 57.2 658 53.3

very good 760 26.3 199 23.0 634 21.7 215 17.4

missing 49 1.7 32 3.7 52 1.8 34 2.8

Annual income 2001

< 1 million yen 51 1.8 26 3.0 218 7.5 182 14.7

<  3 million yen 874 30.3 278 32.1 1,066 36.6 532 43.1

<  7 million yen 1,403 48.6 429 49.5 1,064 36.5 235 19.0

> 7 million yen 339 11.7 52 6.0 181 6.2 34 2.8

missing 221 7.7 81 9.4 387 13.3 252 20.4

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 21.4 1,412 48.4 187 15.1

junior college or higher 1,233 42.7 241 27.8 202 6.9 32 2.6

missing 155 5.4 73 8.4 206 7.1 148 12.0

p -valueold-old young-old old-old young-oldVariables

Men (n = 3,754) Women (n = 4,151)

p -value p -value

p < 0.001

p < 0.001

p < 0.001

p < 0.001

p < 0.01

p = 0.82

p < 0.001

p < 0.01

p < 0.001

p < 0.05

p < 0.001

p < 0.001

p < 0.001

p < 0.001

p < 0.001

p < 0.05

p < 0.001

p < 0.001

p < 0.001

p < 0.001

p < 0.001

p < 0.001

p < 0.001

p < 0.001

p < 0.001

p < 0.001

p < 0.001

p < 0.001

p < 0.001

p < 0.001
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Table 4.4: Distribution of observed variables and survival status by gender.  

n % of deceased n % of deceased n % of deceased

Age  2001 (years)

young old 2,888 5.3 2,916 2.3 5,804 3.8

old-old 866 14.4 1,235 7.4 2,101 10.3

BADL score 2001

0 3,380 7.1 3,612 3.3 6,992 5.2

1 258 6.2 415 7.2 673 6.8

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 4.5

1 390 10.0 222 6.3 612 8.7

2 72 16.7 83 8.4 155 12.3

3 54 22.2 56 5.4 110 13.6

4 36 19.4 57 7.0 93 11.8

5 40 32.5 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 5.3 1,713 8.3

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

2 52 28.8 88 17.0 140 21.4

3 40 47.5 47 31.9 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

3 62 24.2 74 12.2 136 17.6

4 67 32.8 74 13.5 141 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

2 208 16.8 142 12.7 350 15.1

3 27 14.8 10 20.0 37 16.2

4 1 100.0 0 0.0 1 100.0

LTC level 2004

0 3,553 6.2 3,813 3.0 7366 4.5

1 24 20.8 68 14.7 92 16.3

2 73 23.3 159 6.3 232 11.6

3 50 32.0 39 7.7 89 21.3

4 17 23.5 30 30.0 47 27.7

5 13 38.5 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

good 2,041 4.9 2,325 2.5 4,366 3.6

very good 959 3.1 849 1.9 1,808 2.5

missing 81 16.0 86 9.3 167 12.6

Annual income 2001

< 1 million yen 77 7.8 400 4.3 477 4.8

<  3 million yen 1,152 8.2 1,598 4.2 2,750 5.9

<  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

junior college or higher 1,474 5.8 234 0.4 1,708 5.1

missing 228 12.7 354 6.8 582 9.1

p < 0.001

p < 0.001

p < 0.001

p < 0.001

p < 0.001

p < 0.001

p < 0.001

p < 0.001

p < 0.001

Men (n = 3,754)

p < 0.001

Vaiables
Women (n = 4,151) Total (n = 7,905)

p -value

p < 0.001
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Table 4.5: Descriptive characteristics of subjects by gender and LTC needs.  

n % n % n % n %

Age 2001 (years)

young old 2,777 78.2 111 55.2 2,786 73.1 130 38.5

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 17.4 355 9.3 60 17.8

2 3 0.1 7 3.5 2 0.1 12 3.6

3 0 0.0 15 7.5 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 43.5

1 364 10.2 26 12.9 183 4.8 39 11.5

2 60 1.7 12 6.0 55 1.4 28 8.3

3 31 0.9 23 11.4 24 0.6 32 9.5

4 13 0.4 23 11.4 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 32.5

2 118 3.3 25 12.4 75 2.0 32 9.5

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 17.4 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 22 0.6 66 19.5

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 14.4 3,141 82.4 65 19.2

1 388 10.9 15 7.5 236 6.2 29 8.6

2 96 2.7 9 4.5 92 2.4 32 9.5

3 35 1.0 27 13.4 39 1.0 35 10.4

4 26 0.7 41 20.4 22 0.6 52 15.4

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 4.9 33 16.4 105 2.8 37 10.9

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 13.3 110 32.5

good 1,988 56.0 53 26.4 2,228 58.4 97 28.7

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 2.5 347 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 1,232 32.3 67 19.8

> 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 32.3 1,761 46.2 203 60.1

high school 1,121 31.6 47 23.4 1,523 39.9 76 22.5

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

p -value p -value

p < 0.01 p < 0.01

p < 0.01

p < 0.01

p < 0.01

p < 0.01

p < 0.001

p < 0.001p < 0.001

p < 0.001

p < 0.001

p < 0.001

p < 0.001

 p < 0.001p < 0.001

p < 0.001 p < 0.001

p < 0.001

Variables

Men (n = 3,754) Women (n = 4,151)

No-LTC need LTC need No-LTC need LTC need

p < 0.001

p < 0.001
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Table 4.6: Physical health status for subjects in 2001 and 2004 by gender.  

n % n % n % n %

BADL score

0 3,380 90.0 3,153 84.0 3,612 87.0 3,047 73.4 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 1.4 14 0.3 88 2.1 3) p < 0.001

3 15 0.4 40 1.1 18 0.4 47 1.1

missing 91 2.4 176 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 77.2 1) p < 0.001

1 390 10.4 403 10.7 222 5.3 265 6.4 2) p < 0.001

2 72 1.9 105 2.8 83 2.0 124 3.0 3) p < 0.001

3 54 1.4 62 1.7 56 1.3 74 1.8

4 36 1.0 67 1.8 57 1.4 74 1.8

5 40 1.1 61 1.6 45 1.1 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 75.9 1) p < 0.001

1 920 24.5 1,038 27.7 793 19.1 849 20.5 2) p < 0.001

2 143 3.8 208 5.5 107 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 — ―

Variable

Men (n = 3,754) Women (n = 4,151)

p -value2001 2004 2001 2004

 

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 χ
2
-test. 
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Table 4.7.1: Correlations between observed variables for elderly men. 

Education level

2001

Income level

2001

BADL score

2001

IADL score

2001

Comorbidity

2001

BADL score

2004

IADL

score 2004

Comorbidity

2004

LTC level

2004

SRH

2004

Education level

2001
1

Income level

2001
.303** 1

BADL score

2001
-.065** -0.011 1

IADL score

2001
-.075** -.064** .373** 1

Comorbidity

2001
-0.017 -.052** .042* .164** 1

BADL score

2004
-.063** -.064** .332** .488** .148** 1

IADL score

2004
-.072** -.066** .281** .694** .164** .664** 1

Comorbidity

2004
-0.005 -.036* .036* .153** .687** .184** .200** 1

LTC level

2004
-0.01 -.059** .390** .512** .137** .706** .636** .163** 1

SRH

2004
.082** .097** -.060** -.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

2001

Income level

2001

BADL score

2001

IADL score

2001

Comorbidity

2001

BADL score

2004

IADL

score 2004

Comorbidity

2004

LTC level

2004

SRH

2004

Education level

2001
1

Income level

2001
.191** 1

BADL score

2001
-.037* -.035* 1

IADL score

2001
-.124** -.133** .366** 1

Comorbidity

2001
-.084** -.065** .089** .202** 1

BADL score

2004
-.120** -.147** .282** .526** .218** 1

IADL score

2004
-.155** -.151** .241** .716** .177** .666** 1

Comorbidity

2004
-.077** -.051** .067** .170** .677** .229** .214** 1

LTC level

2004
-.080** -.092** .283** .547** .168** .654** .679** .218** 1

SRH

2004
.077** .079** -.090** -.279** -.288** -.423** -.393** -.311** -.322** 1

 

*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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Figure 4.4.3: Kaplan-Meier survival curves according to LTC level in 2004 by 

gender.  
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Table 4.8: Independent association of each variable with mortality. 

Hazard ratio

(95% CI)
p -value

Hazard ratio

(95% CI)
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

(3) 1&2 1.87 (1.40‒2.51) p < 0.001 11.70 (1.63‒83.89) p < 0.05

(2) 1&3 1.02 (0.74‒1.40) p = 0.915 5.76 (0.79‒41.94) p = 0.084

Annual income 2001

(< 3 million yen)
> 3 million yen 0.79 (0.61‒1.02) p = 0.069 0.53 (0.36‒0.79) p < 0.01

Predictor  variable

(reference category)
Category or range

Men Women

 

*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

Approx. Chi-Square 20046.662

df 55

sig. 0.000

Bartlett's Test of Sphericity 

 

Table 4.10: Factor analysis results — rotated component matrix.  

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%

Component 

 

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 χ
2
 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; 

IFI = 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
2 

= 0.38 for elderly men and R
2 
= 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 
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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
2 

= 0.34 for 65-69 

years old group, R
2 

= 0.32 for 70-74 years old group, R
2 

= 0.43 for 75-79 years old 

group, and R
2 

= 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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Men Women Men Women Men Women Men Women

SES
Physical health 

2001
Physical health 

2004
LTC level 2004

Indirect 0.016 0.059 -0.376 -0.584 -0.342 -0.440 

Direct 0.354 0.642 -0.495 -0.501

-0.80 

-0.60 

-0.40 

-0.20 

0.00 

0.20 

0.40 

0.60 

0.80 

 

Figure 4.6.1: Standardized effects of SES, physical health, and LTC level on HALE 

by gender.  

Men Women Men Women Men Women

Physical health 2001 Physical health 2004 LTC level 2004

Indirect -0.188 -0.590 -0.179 -0.806

Direct -0.235 -0.692 0.147 0.689

-1.00 

-0.80 

-0.60 

-0.40 

-0.20 

0.00 

0.20 

0.40 

0.60 

0.80 

 

Figure 4.6.2: Standardized effects of SES on physical health and LTC level by 

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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Figure 4.8.1: Standardized effects of SES, physical health, and LTC level on HALE 

by four age groups.  
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Figure 4.8.2: Standardized effects of SES on physical health and LTC level by four 

age groups. 
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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
27 ‒ 29

. Previous studies demonstrated that there appears to be a consistent effect of 

SES on the length of the period of independence of elderly individuals
30

. 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
31

. 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.
 32

, 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
33

, 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
14, 34

. 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 increased18
. 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
35

.  

    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
36

. 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 II. 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
37‒ 39

. 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
40

. A rapidly aging population as a result of improved 

survival also challenges the financing of, and quality of care in, Japan’s health system
41

. 
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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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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.   

LTC level

1995-2005

SES

1995-2005

Mortality

1995-2005

 

Figure 5.1: The correlations between SES, LTC and mortality in Japan.  
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Physical disability
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Chronic illness
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Physical health

 

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. 
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学 位 論 文 要 旨 

論文題名 

日本に居住する高齢者の健康寿命に影響する社会経済要因の効果  

The Effect  of  Socioeconomic Status  on Heal thy Li fe Expectancy of  the 

Elderly in  Japan  

（ふりがな）   やん すうぇん 

学位申請者 楊  素雯  ㊞ 

（ 学位論文要旨 ） 

本論文の研究背景は、平均寿命の延伸と共に出生数が急激に低下し、少子高齢

社会が急速に進み、要介護認定割合が増加している日本において、健康で長寿を全

うすることは、本人だけではなく社会保障面からも意義が高いことである。本論文

は、このような健康長寿社会を実現する上での個人レベルでの生活要因として、社

会経済的要因、身体的健康度、要介護認定度などの位置づけと関連性を構造的に明

確にすることを研究目的としている。 

まず、健康寿命と関連する社会経済的要因や身体的精神的、そして社会的健康

三要因に関する国内外の先行研究をレビューし、西欧諸国においては、社会経済学

的要因と死亡率との間には負の関連が見られることを考察した。日本は、第二次世

界大戦後の貧困時代を経て、その後の経済産業の発展に伴い、他国に比べて所得較

差が少ない社会が実現できていた。また、健康水準を示す健康寿命と社会経済的要

因との関連にはやや弱い関連が見られていたものの、経済的にみた不平等や所得較

差が 1990 年代より拡大していることを明確にし、健康寿命延伸のための施策を立

案する上で、社会経済的要因と健康寿命との因果構造を集団と個人レベルで明らか



 

 

 

 

にする必要性が高いことを明確にしている。 

次に 1995 年から 2005年までの 47 都道府県の平均寿命と要介護認定割合の変

遷と社会経済学的要因との関連を多変量解析によって分析し、社会経済的要因であ

る年間収入額や学歴が高い県ほど、平均寿命が長く、年齢調整死亡率が低く、要介

護認定割合が統計学的に少ない関連を明らかにすると共に、このような関連は女性

よりも男性において強いことを明確にしている。 

さらに、全国 16 自治体に住む 60歳以上高齢者、15,254人を追跡したデータを

分析し、主観的健康感や社会経済的要因が、その後の累積生存率と有意な関連がみ

られることを明確にしている。また、年間収入が、身体の痛みと治療中の疾病数を

抑制し、最終的には主観的健康感を間接的に高める因果構造を明確にしている。ま

たこのような関連構造は、自治体の人口区分別、性別、年齢階級別でも同様に示さ

れることを明らかにしている。 

また、都市郊外に住む高齢居住者における健康寿命を規定する因果構造を明確

にすることを目的として、都市郊外居住高齢者を対象として、2001 年に 65歳以上

の 7,905 人に対し、2004 年と 2007 年に実施された追跡調査データを用いて分析し

た。その結果、社会経済的要因が健康寿命を延長させる構造は、日常生活能力を維

持し、要介護認定度を予防することを経て、間接的に規定する因果構造を明確にし

ている。そしてこのような関連効果は、女性の方が強い関連が見られ、同時に加齢

と共に社会経済的要因の寄与度が低下しやすいことを明らかにしている。 

本研究の主要な成果としては、健康寿命を規定する社会経済的要因が直接的な

効果を持つと共に、身体的な健康度や要介護状況を経由する間接効果も見られるこ

とを明確にしている点である。また社会経済的要因が健康度を規定する程度は、男

性に比べて女性の方が強い関連が見られるものの、加齢と共に社会経済的要因の寄

与度が低下しやすいことを明確にしている。要介護状況は、社会経済的要因を基盤



 

 

 

 

として、身体的健康度が維持されることを経由して予防される因果構造と共に、後

期高齢者に比べて前期高齢者で強い関連が見られることを明確にしている。 

このように、健康寿命と関連する要因の因果構造に関する科学的なエビデンス

により、高齢者の健康寿命を延伸させるための健康支援において、社会経済的要因

の位置づけと意義が明確となったものである。今後の効果的な健康づくり施策にお

いては、科学的なエビデンスを踏まえ、性別と共に、年齢特性に考慮し、特に介護

予防では前期高齢者への対応が有効である可能性を提示している。 



 

 

 

 



APPENDIX A: 

Questionnaire for 16 municipalities 











APPENDIX B: 

Questionnaires for Tama City 
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