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Abstract 
 

Purpose / Context – We clarify how regional differences in residential environment impact 

healthy life expectancy. 

 

Methodology / Approach – We defined healthy life expectancy and considered how to measure 

and calculate it. We prepared the data for calculating healthy life expectancy from various Bureau 

of Statistics data, and applied the method to calculating healthy life expectancy for 1,750 munici-

palities in Japan in 2005 and 2010. 

 

Results –  

(1) The healthy life expectancy of men had increased by 0.38 years, and that of women de-

creased by 0.20 years on average in every municipality in Japan from 2005 to 2010. 

(2) It was confirmed that 1% of the decrease of proportion of housing constructed before 1970 in 

each municipality contributed to increasing healthy life expectancy by 4.84 years for men and 4.09 

years for women. 

 

Key Findings / Implications – Regional difference in healthy life expectancy was seen strongly 

relevant to the lifestyle and revenue and found a certain degree of relevance with regional differ-

ences in living environment. 

 

Originality – This work could quantify the impacts of not only the life habit known in the previous 

studies but also the residential environment on the extension of healthy life expectancy. 
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1. Introduction 
 
In light of Japan’s super-aging society, the Japanese Ministry of Health, Labour and Welfare has 

set two key targets for the next 10 years. The first is to extend healthy life expectancy, defined as 

the period in which a person can live in a healthy state with no limitations to their daily activities. 

The second is to reduce health disparities due to regional and socioeconomic differences. To 

achieve these targets in the next 10 years, it is important to recognize how healthy life expectancy 

has changed. Therefore, in this study, we clarify how much healthy life expectancy has been ex-

tended or shortened and how much health disparities have increased or decreased.  

 

The WHO report provides a conceptual framework for measures of social determinants of health. 

Socioeconomic status, such as gender, ethnicity, education, occupation, and revenue, decides the 

social determinants of health, which results in health disparities. The social determinants of health 

include the effect of residential environment. Therefore, verifying the effect of residential environ-

ment on human health has attracted great interest. In this study, we use healthy life expectancy as 

a health indicator, and elucidate how regional differences in residential environment impact 

healthy life expectancy.  

 

2. Changes in healthy life expectancy 
 

2.1 Definition and calculation of healthy life expectancy 

 

Healthy life expectancy statistically refers to the average number of years that healthy people of a 

certain age will live in full health. The following three points are important: (1) the definition of 

people’s health status; (2) measurement of peoples’ health condition; and (3) calculation of an 

index value from the measurements. Health status is defined as the condition in which they can 

live a self-sufficient day-to-day lifestyle. In Japan, the Long-term Care Insurance System helps 

those who need long-term support or care depending on their health (Table 1). In particular, peo-

ple aged 65 or older can use this service freely if they are judged to need support or care in daily 

life. Therefore, healthy life expectancy is defined in this study as the period in which people aged 

65 or older can live with no limitations. 

 

Table 1: Levels of need for support or care 

 

Support  

Required Level 

Support required for daily living activities to help prevent progression 

to requiring care  

Care Level 1 
Ability to perform routine operations is lower than that  

for the Support Required Level, and partial care is necessary  

Care Level 2 In addition to Care Level 1, partial help with daily activities is necessary 

Care Level 3 
In addition to Care Level 2, the ability to perform daily activities is poor,  

and care is essential 

Care Level 4 
In addition to Care Level 3, the ability to perform daily activities is lower,  

and it is difficult to engage in daily life without care 

Care Level 5 
The ability to perform daily activities is lower than that for Care Level 4,  

and it is almost impossible to engage in the daily life without care 

 

To calculate the healthy life expectancy as a health indicator, the population and the number of 

deaths and unhealthy people classified by sex and age are considered (Table 2). Age groups are 

65–69, 70–74, 75–79, 80–84, and >85. People certified as meeting any of the support or care 

levels in Table 1 are defined as unhealthy in this study. The proportion of unhealthy people is 

obtained by dividing these values by the total number of people in each age group. 
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Figure 1 Calculation method for the average life expectancy at 65 years old (Chiang’s method) 

Table 2: Database list for calculating healthy life expectancy 

 

Database Data unit Source 

Population aged 65 and older 

(classification of sex/five-year age groups) 

Country, 

municipality 

Statistics Bureau, Ministry of Internal 

Affairs and Communications 

“National Census” 

Number of deaths aged 65 and older 

(classification of sex/five-year age groups) 
Municipality 

Ministry of Health, Labour and Welfare 

“Vital Statistics of Population” 

Number of people requiring  

long-term support or care (aged 65–74, >75) 
Municipality 

Ministry of Health, Labour and Welfare 

“Status Report on the Long-term Care 

Insurance Projects” 

Number of people requiring  

long-term support or care 

(classification of sex/five-year age groups) 

Country 

Ministry of Health, Labour and Welfare 

“Comprehensive Survey of Living 

Conditions” 

Number of survivors aged 65–85, sta-

tionary population 

(classification of sex/five-year age groups) 

Country 
Ministry of Health, Labour and Welfare 

“Life Tables” 

 

Healthy life expectancy is calculated based on the database shown in Table 2. Average life expec-

tancy is calculated by using Chiang’s life table method. Average life expectancy , defined as the 

number of subsequent years that a person x years old will live, is given by 𝑇𝑥 𝑙𝑥⁄ , where 𝑇𝑥 is the 

stationary population aged x years old and older and 𝑙𝑥 is the number of survivors. The average 

life expectancy at 65 years old is calculated statistically with this method (Figure 1).  

 

 

 

 

To determine the unhealthy stationary population, the stationary population and the proportion of 

unhealthy people for each age group are multiplied by using Sullivan’s method. The independent 

stationary population without care aged x years old and older, 𝑇𝑥
′, and the healthy life expectancy, 

, are related by Equation (1). 

     =  𝑇𝑥
′ 𝑙𝑥⁄          (1) 

 

In addition, 𝑇𝑥
′

can be expressed as Equation (2), where 𝐼𝑥 is the independence ratio (1 – propor-

tion of unhealthy people). 

    𝑇𝑥
′  =  (𝑇𝑥 − 𝑇𝑥+1)  ∙  𝐼𝑥 +  (𝑇𝑥+1 −  𝑇𝑥+2)  ∙  𝐼𝑥+1 +   ⋯  +  (𝑇∞ − 𝑇∞+1)  ∙  𝐼∞   (2) 
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Figure 2 Calculation method of the healthy life expectancy at 65 years old (Sullivan’s method) 

Here, subscript ∞ in 𝑇∞  and 𝐼∞  denotes the maximum age of local residents. Furthermore, by 

substituting Equation (2) into Equation (1), healthy life expectancy at x years old  can be ex-

pressed as Equation (3).  

      =  { (𝑇𝑥 −  𝑇𝑥+1)  ∙  𝐼𝑥 + (𝑇𝑥+1 − 𝑇𝑥+2)  ∙  𝐼𝑥+1 +  ⋯  +   (𝑇∞ −  𝑇∞+1
)  ∙  𝐼∞}  𝑙𝑥⁄  (3) 

 

Because the value of 𝑇𝑥 and 𝑙𝑥 are derived from life tables,  can be obtained from 𝐼𝑥, based on 

the number of people certified as Support Required Level or Care Level 1-5. The healthy life ex-

pectancy at 65 years old is statistically calculated as the expected value of the period that healthy 

people aged 65 will survive without health limitations (Figure 2).  

 

We apply the abovementioned method to the municipalities because municipalities provide medi-

cal care, insurance, and welfare services directly to people. For each of the 1,750 municipalities in 

Japan, the input information “population”, “number of deaths”, and “number of people requiring 

long-term support or care” is used to obtain the healthy life expectancy at 65 years old as output 

information. 

 

 

 

 

2.2 Healthy life expectancy in every municipality in Japan 

 

For healthy life expectancy in each municipality at 65 years old, we consider (1) the calculation 

results for 2005 and 2010 and (2) the transition from 2005 to 2010.  

 

(1) Calculation results for 2005 and 2010 

 

The healthy life expectancy at 65 years old in every municipality in 2005 and 2010 is shown in 

Figures 3 and 4, respectively. In Japan, altitude increases from the coast toward inland regions, 

and high altitude areas have rich nature. Male and female healthy life expectancy tends to be 

longer in inland areas such as Yamanashi, Nagano, Shizuoka and Aichi prefectures. Hence, 

environments with clean water and air in high altitude areas could improve the quality of life. In 

contrast, healthy life expectancy in the northern areas of Honshu (the main island), such as 

Aomori and Akita prefectures, is relatively shorter. For most municipalities, female healthy life 

expectancy is longer than male life expectancy.  
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Figure 3 Healthy life expectancy at 65 years old in every Japanese municipality in 2005 

 
Figure 4 Healthy life expectancy at 65 years old in every Japanese municipality in 2010 
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Figure 6 Change in the healthy life expectancy at 65 years old  

in every municipality from 2005 to 2010 (female) 

(2) Transition from 2005 to 2010 

 

The change in healthy life expectancy at 65 years old in every municipality from 2005 to 2010 for 

men and women is shown in Figures 5 and 6, respectively. Male healthy life expectancy has in-

creased by 0.38 years, and female healthy life expectancy has decreased by 0.20 year on aver-

age in every municipality in Japan. In some areas, such as Shizuoka Prefecture, where the 

healthy life expectancy in Figures 3 and 4 is long, the healthy life expectancy decreased from 

2005 to 2010. However, even though healthy life expectancy in some areas, such as Akita and 

Yamagata Prefectures, remained low, the healthy life expectancy decreased over five years. Thus, 

healthy life expectancy decreased regardless of the original healthy life expectancy. In contrast, 

healthy life expectancy in Hokkaido and mountainous areas around Japan tended to increase.  
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Figure 5 Change in healthy life expectancy at 65 years old  

in every municipality from 2005 to 2010 (male) 

 
 
 

 
 
 
 
 
 
 
 
 
 

3. Multivariate analysis of residential environment factors that 
affect the length of healthy life expectancy 

 

To clarify the factors that affect the length of healthy life expectancy, the multiple regression anal-

ysis with objective variables of healthy life expectancy in 2005 and 2010 was performed. The 

socioeconomic health determinants, “ratio of aging” and “revenue” from the socioeconomic status, 

and the social health determinants “residential environment” and “lifestyle behaviour” affect health, 

and we collected these data. Table 3 shows the typical indicators that were considered for the 

explanatory variables of the multiple regression equation.  

 

Table 4 shows the results of multiple regression analysis for the objective variable of healthy life 

expectancy separated by gender in 2005. The value of the standardized partial regression coeffi-
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cient, “ratio of aging” has the greatest effect compared with the other explanatory variables of 

each regression equation. In addition, “average annual income” has effect on the objective varia-

ble, thus a certain level of the economic affluence is required to improve the human health. Fur-

thermore, “average salt intake” also has negative effect on the objective variable, thus hostile life 

habits can shorten healthy life expectancy. 

 

Considering the effects of lifestyle and ratio of aging in each municipality, the indicators for resi-

dential environment were selected. The results show that healthy life expectancy decreased for 

both men and women when the “proportion of housing constructed before 1970” is high. The pro-

portion of houses in poor condition increases as the rate of aging increases; therefore, exposure 

to old and poor indoor environments for many years shortens healthy life expectancy.  

Table 3: Typical indicators considered for the explanatory variables  

Name of indicator Classification Year Data unit Source 

Average vegetable intake 
[g/day] Average of people 

aged 20 or over 
Average 

 for 
2006– 
2010 Prefecture 

Ministry of Health, Labour 
and Welfare 
“National Health and 
Nutrition Survey” 

Average salt intake [g/day] 

Proportion of people who 
drink alcohol [%] 

Average of men 
aged 20 or over 

Number of cars per capita 
[vehicles / people] 

- 2008 
Ministry of Land, 
Infrastructure and Transport 
“Number of Vehicles” 

Ratio of aging [%] Men or women 
2005 
2010 

Municipality 

Statistics Bureau, Ministry 
of Internal Affairs and 
Communications 
“National Census” 

Average annual income 
[million yen / household] 

- 

2003 
2008 

Statistics Bureau, Ministry 
of Internal Affairs and 
Communications 
“Housing and Land Survey” 

Housing classified by age of 
building [%] 

Before 1970 
After 2001 

Proportion of housing with 
a flushing toilet [%] 

- 

Proportion of  
vacant housing [%] 

- 

Housing classified by  
distance to the nearest  
transportation [%] Less than 500 m 

Less than 1 km Housing classified by  
distance to the nearest  
medical institution [%] 

 

Table 4:  Results of multiple regression analysis (objective variable: healthy life expectancy by 
gender in 2005)                                                                           (n=1,277, *:p<0.05 **:p<0.01 ***:p<0.001) 

Objective variable 
Healthy life expectancy 

in 2005 (male) 
Healthy life expectancy 

in 2005 (female) 

Explanatory variable 
Residential environment 
in 2003 and other indicator 

Residential environment 
in 2003 and other indicator 

 R
2
=0.414 R

2
=0.196 

 
Partial 

regression 
coefficient 

Standardised 
partial 

regression 
coefficient 

Partial 
regression 
coefficient 

Standardised 
partial 

regression 
coefficient 

Ratio of aging 20.3 0.872*** 9.80 0.384*** 
Average annual income 0.01 0.528*** 0.01 0.297*** 

Average salt intake -0.998 -0.432*** -0.792 -0.238*** 
Number of cars per capita 3.77 0.280*** 4.81 0.248*** 
Average vegetable intake 1.30×10

-2
 0.264*** 1.17×10

-2
 0.164*** 

Proportion of housing constructed before 1970 -6.46 -0.388** 7.15 0.075** 
Proportion of vacant housing -7.82 -0.167*** -6.29 -0.094* 

Proportion of housing with a flushing toilet 1.33 0.137*** - - 
Proportion of housing constructed after 2001 5.73 0.086** - - 

Proportion of housing  
within 1 km of transportation 

- - -1.363 -0.142*** 
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A high “proportion of vacant housing” has a negative impact on the mental health of residents 

through the deterioration of the regional environment. In addition, healthy life expectancy tends to 

be longer for areas with a higher “proportion of housing with a flushing toilet”. When the thermal 

environment of the toilet is cold, it is assumed that the temperature difference between the living 

room and the toilet can cause heat shock. Furthermore, healthy life expectancy tends to be longer 

in regions where the “proportion of housing constructed after 2001” is higher. Houses built 2001 

should meet the latest insulation standards in Japan; therefore, healthy life expectancy increases 

in regions where these houses are common. 

 

 

Table 5 shows the results of multiple regression analysis where the objective variable is healthy 

life expectancy separated by gender in 2010. Although the healthy life expectancy in 2010 is the 

target variable, some indicators of the residential environment are also selected to take the life-

style and aging background of the residents in each municipality into account. The municipalities 

where the value of the “Proportion of housing constructed before 1970” is high have a shorter 

healthy life expectancy compared with the national average. In particular, the value of the partial 

regression coefficient confirmed that 1% of the decrease of this indicator in each municipality 

contributed to increasing the healthy life expectancy by 4.84 years for men and 4.09 years for 

women. Furthermore, Healthy life expectancy is shorter in municipalities where a lot of housing is 

close to the nearest transportation and medical institutions; easy access to these facilities could 

reduce peoples’ activity and increase the number of unhealthy people. 

  

Table 5:  Results of multiple regression analysis (objective variable: healthy life expectancy by 
gender in 2010)                                                                        (n=1,277, *:p<0.05 **:p<0.01 ***:p<0.001) 

Objective variable 
Healthy life expectancy 

in 2010 (male) 
Healthy life expectancy 

in 2010 (female) 

Explanatory variable 
Residential environment 
in 2008 and other indicator 

Residential environment 
in 2008 and other indicator 

 R
2
=0.438 R

2
=0.366 

 
Partial 

regression 
coefficient 

Standardised 
partial 

regression 
coefficient 

Partial 
regression 
coefficient 

Standardised 
partial 

regression 
coefficient 

Ratio of aging 12.2 0.706*** 6.67 0.453*** 

Average annual income 0.01 0.481*** 0.01 0.306*** 

Average salt intake  -0.649 -0.385*** -0.479 -0.245*** 

Average vegetable intake 1.11×10
-2

 0.308*** 1.26×10
-2

 0.302*** 

Proportion of people who drink alcohol - - -2.58×10
-2

 -0.102*** 

Proportion of housing constructed before 1970 -4.84 -0.409*** -4.09 -0.300*** 

Proportion of housing with a flushing toilet 1.22 0.141*** - - 

Proportion of vacant housing -3.36 -0.138*** -2.19 -0.078* 

Proportion of housing constructed after 2001 4.81 0.103*** - - 

Proportion of housing  

within 500 m of transportation 
-2.01 -0.245*** -2.04 -0.215*** 

Proportion of housing  

within 500 m of medical institution 
-0.503 -0.116*** -1.55 -0.308*** 
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4.  Conclusion 
 

4.1 Key contributions 

 

 In this study, we evaluated healthy life expectancy at 65 years old as an indicator to assess the 

health of whole municipalities in Japan. We defined healthy life expectancy and considered how to 

measure and calculate it at municipality level. We prepared the data necessary for calculating 

healthy life expectancy from Bureau of Statistics data, and used our method to calculate healthy 

life expectancy for 1,750 municipalities in Japan in 2005 and 2010. The results clarify the increase 

in healthy life expectancy and the differences. To analyse the factors that affect healthy life expec-

tancy, multiple regression analysis captured the elements such as “ratio of aging”, “revenue”, 

“lifestyle-related behaviour”, and “residential environment”. The residential environment could 

extend healthy life expectancy.  

 

4.2 Limitation of the study and future challenges 

  
In this study, there is a room for improvement in the R-squared value of the multiple regression 
analysis. In addition, it has yet to verify the cause and effect relationship in this analysis. We will 
expand the index to consider and aim to elucidate the causal structure in more detail using the 
structural equation modelling in the future. 
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