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PREFACE 
 
 
 
This book documents factors that determine humanity's survival probability 
of becoming a centenarian (SPBC) as well as the life expectancy (LE) 
associated with socioecological factors (SEFs). 

The data are taken from the Human Mortality Database (HMD), the World 
Bank and WHO Database, and interviews with centenarians. In particular, 
SPBC is calculated from the HMD. SEFs and LE are analyzed from the 
WHO and World Bank Database. In addition, data were collected through 
interviews with 130 centenarians aged 100 to 108. 

The chapters in this book contribute to possibilities for increasing SPBC 
and LE by applying SEFs analytical strategies to understand trends and 
patterns in SPBC. The book also includes detailed accounts of 14 factors 
that affect SPBC and LE. 

The book reports on the causes and impact of SEFs on SPBC and LE. A 
critical finding, confirmed in the analysis of interviews with centenarians, 
is that SEFs influence LE and SPBC. 

As the first time the influence of SEFs on SPBC has been analyzed and 
described, this book presents evidence of SPBC and LE factors in all 
countries and contributes to globally applicable knowledge of how to 
become a healthy centenarian for individuals and country-local societies. 
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PART 1 

APPROACH TO THE SURVIVAL PROBABILITY 
OF BECOMING A CENTENARIAN (SPBC) 

 
 
 
Part 1 introduces the concept of the survival probability of becoming a 
centenarian (SPBC) and socioecological factors (SEFs), including country-
local society support (CLSS). By explaining the correlation between SEFs 
and SPBC, I emphasize the impact of CLSS on SPBC. In addition, the 
relationships between CLSS and SPBC and between CLSS and life 
expectancy (LE) are demonstrated using survival probability graphs. Finally, 
the lifespan graphs of SPBC and LE (based on increasing/decreasing SEFs) 
are presented. 
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CHAPTER 1  

THE CONCEPT OF THE SURVIVAL PROBABILITY 
OF BECOMING A CENTENARIAN (SPBC) 

 
 
 
Can we live to be 100 years of age? Is it feasible? If so, how many people 
can survive to age 100? Is there any way for all humans to live to this age? 
This book attempts to use a socioecological perspective to answer these 
questions. 

In addition, this book explains the relationship between SPBC, an 
indicator of the healthy survival of citizens of each country until the age of 
100, and the SEFs that affect countries around the globe. Furthermore, 
the socioecological factors related to LE are discussed, and the research 
work that identifies them is presented. Based on the results of this study, 
we propose making efforts toward building a country wherein individuals 
can live to be 100 years of age. Moreover, if the government utilizes and 
applies the contents of this book, it is possible that humanity can reach 
this milestone. 

1-1 The concept of SPBC and country-local society 
support 

We hope to live healthily to 100 years or more. The longevity of humans 
has been affected by various factors. These longevity factors involve both 
a microscopic and a macroscopic perspective. Microfactors are innate, 
natural elements. However, macrofactors are influenced by social 
circumstances. In this regard, we need to consider the sociological 
perspective for the longevity of humanity. In particular, this book intends 
to examine the factors of human longevity from a socioecological 
perspective. 

A society of longevity refers to a community where human beings live 
healthily beyond 100 years. These 100-year-old people are called 
centenarians. By observing the lifestyle and social environment of 
centenarians, we can find the root of longevity in the socioecological 
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aspects. Therefore, the sociology of longevity is a social science that 
studies societies wherein human beings can live healthily beyond 100 
years. We aim to contribute to the healthy longevity of humanity by 
observing socioecological factors (SEFs) that heighten the survival 
probability of becoming centenarians (SPBC) for all people. 

There are both inherent and acquired factors that affect human life. For 
instance, genetic factors are intrinsic, and if they are constant, the level of 
acquired characteristics can affect human lifespan. Furthermore, acquired 
factors primarily consist of lifestyle habits and national and community 
factors. Therefore, if these factors affect SPBC, it is necessary to recognize 
them as an essential issue and conduct a systematic study. 

The concept of SPBC introduced in this book is crucial for identifying 
SEFs and establishing a national strategy for helping people reach the 
milestone of 100 years old. Specifically, SPBC refers to the number of 
survivors who turn 100 on a given date, divided by the corresponding 
cohort size of the specified year (Kim & Kim, 2014a, 2015, 2017a). 

For instance, suppose we estimate that individuals who are 70 years old in 
1980 will reach 100 in 2010. In that case, the calculation is the number of 
centenarians in 2010 divided by the corresponding cohort size of 70-year-
olds in 1980. SPBC also includes the advantage of controlling for other 
potential confounding factors (e.g., infant mortality) that affect the 
centenarian population and overcoming the migration problem inherent in 
the change of nationality. 

Health is influenced by several dimensions from a socioecological 
perspective, including individual, community, and public policy factors 
(Kim & Kim, 2017). This book focuses on (1) individual perspectives, (2) 
community-related perspectives, and (3) public policy perspectives on 
health promotion. However, it broadly uses the socioecological model 
from (1) personal life improvement (PLI) and (2) country-local society 
support (CLSS). Therefore, the socioecological perspective has broadly 
been classified into the PLI and CLSS domains. The socioecological 
structure organized in this way may include the following factors (Kim, 
2013, 2014b, c, Kim & Kim, 2014a, 2015, 2016, 2017a, b, 2018, 2019). 

(1) PLI includes factors such as income, secondary education level, safe 
drinking water, personal hygiene, mental stress by gender discrimination, 
personal favorite phone, and Internet use. (2) CLSS includes factors such 
as the urbanization rate of the population, labor productivity, and the share 
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of health costs in GDP. In addition, major factors, such as the income 
inequality phenomenon, ratio of pensioners to population, government 
medical expenditure, and national credit index, can be classified as CLSS 
factors. From this point of view, in this book, SEFs had been set up with 
PLI and CLSS. 

First, Point C in Fig. 1.1 shows the following. Until the age of 65, 
individuals receive good healthcare protection, including the following: 

 
  Vaccinations and nutrition from their parents since infancy 
  Programs aimed at ensuring that young adults reach adulthood without 

suffering from severe illness 
  Physical activity and exercise promotion after marriage  

 
 
Individuals reach the age of 75 without illness by exercising, not smoking, 
and consuming limited alcohol. In other words, up to the age of 75, an 
individual can live a healthy life without being too affected by the local 
community or national health policy. However, individuals beyond this 
age are inevitably affected by CLSS. In this regard, support and social 
structure changes can influence an individual’s lifespan and survival 
probability. 

As Fig. 1.1 illustrates, survival probability is affected by SEFs such as 
unique social living environments and eating habits, national health 
policies, and social structural change. Curve A shows survival probability 
beyond age 75 among all age groups. After birth, the younger generation 
maintains a horizontal curve. However, the survival probability after age 
75 rapidly decreases due to CLSS and social change. As shown in Curve B, 
individuals generally maintain their health through personal eating habits 
and healthy lifestyles until around 75. 

However, the survival probability after this age can significantly increase 
or decrease based on CLSS. Thus, there is a difference between Curves A 
and B. Specifically, the size of the survival probability scale is determined 
by CLSS and the rate of personal life change. In addition, the degree of 
personal–society and CLSS changes (quantitative and qualitative) indicates 
the range of the increase or decrease in survival probability of an aging 
society. As for the SEFs, their influences are as follows. 
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In Fig. 1.1, Curve A shows the relationship between an individual’s health 
level and longevity. For instance, if an individual dies at the age of 100, 
their survival probability curve is downward and slopes to the right. 
However, suppose an individual lives with insufficient water and 
unsanitary drinking water in a nation with a poor national income and 
impoverished health sanitation welfare. In that case, personal lifestyle and 
country-local social factors threaten their survival in both the short and 
long terms. Therefore, the SEFs of individuals and countries may shorten 
the survival probability of individuals. 

In Fig. 1.1, the CLSS of Curve B shows the implementation of the 
following SEFs: 

 
 Innovative health and social policies 
 Implementation of national health insurance 
 Community and national government support life expectancy 
 National and local healthcare policies and support 
 Innovation of national and community health programs 
 The local community provides disease prevention programs 
 Investments for creating a healthy society 
 An increase in the local government’s healthcare expenditure support 

ratio 
 Realization of public interest in health 
 Implementation of a gender equality society 
 Changes in the social health consciousness structure 
 Growth in the population of large cities 
 Local hospitals equipped with adequate healthcare systems 

 
 

 
Therefore, these SEFs will increase the nation’s LE and SPBC; that is, the 
survival probability curve rises to the right. For instance, the implementation 
of national health insurance can reduce the burden of national medical 
expenses. In addition, health promotion projects in the local community 
can prevent diseases, thereby extending individuals’ lifespans. 
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Fig. 1.1. Survival probability and CLSS 

1.2 Impact of CLSS 

Fig. 1.2 presents CLSS by country, where the Y-axis is the level of 
survival probability, and the X-axis shows age according to CLSS. For 
instance, individuals in a country with CLSS 1 have a 50% chance of 
surviving to age 65, whereas those in CLSS 2 countries have a 50% 
chance of surviving until 75. Then, in CLSS 3 countries survive up to the 
age of 100, whereas CLSS 4 countries, 30% survive up to the age of 90. 

Fig. 1.2 shows the difference in the survival probability by age in each 
country based on quantitative and qualitative levels of CLSS. As mentioned 
earlier, the curve in Fig. 1.1 represents personal health and LE. Accordingly, 
an individual's survival probability decreases with age. However, in this 
reality, when a national economy develops, the level of social 
consciousness changes, and innovative investments are made in the 
healthcare sector. In addition, an individual's survival probability can vary 
depending on CLSS. In other words, from CLSS 1 to CLSS 4, the 
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difference in survival probability by age is based on the aging population 
and level of CLSS. Therefore, because of the country's aging, the survival 
probability will create a gap in the national economic status and the ratio 
of healthcare expenditure to total expenditure. 

In addition, as shown in Fig. 1.2, CLSS 3 countries have the highest 
proportion of survival rates until the age of 100. Compared with other 
countries, the survival probability until age 65 is similar. However, one 
can infer an aging society, such as those in CLSS 3 countries, to be a 
country with a well-established national welfare system for the elderly. In 
other words, it can be considered to have a national social welfare system 
that provides effective support, including (1) retirement pensions, (2) 
specialized hospitals and nursing facilities for the elderly, (3) adequate 
sanitary facilities, and (4) safe drinking water, all of which are the bases of 
good health for the elderly. Moreover, suppose a country includes 
effective medical systems that can transport patients to a general hospital 
within 30 minutes in an emergency. In that case, the survival probability 
will inevitably be higher. 

 

Fig. 1.2. Survival probability and CLSS 
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Meanwhile, in Fig. 1.3, the Y-axis is LE, whereas the X-axis is SEFs. For 
instance, in CLSS 1 countries, the CLSS 1 is approximately 50% of the 
SEFs, with an LE around 60 years of age. However, advanced CLSS 3 
countries have an LE of 87 years of age, with 85% of the SEFs used as a 
national social support system that invests in the healthcare sector. 
Therefore, CLSS 1 and CLSS 3 countries have a gap in LE because of 
conflicting national social support systems and changes in social structure. 

Fig. 1.3 also explains the close correlation between LE and CLSS. In other 
words, it assumes that the higher the CLSS, the higher the LE. In addition, 
from CLSS 1 to CLSS 4, we can hypothesize that the difference in LE 
occurs according to the SEFs in the countries. For instance, the higher the 
share of healthcare expenses in government spending, the more significant 
the difference in LE. This figure shows that CLSS 2 countries include a 
structure that can predict LE to around 75, based on a healthcare 
expenditure input of 60%. However, CLSS 3 countries have a national 
structural system that can predict LE to around the age of 88, based on a 
healthcare expenditure input of 86%. This indicates that the correlation 
between the input of SEFs and LE is relatively close. 

Due to national economic development and innovative investments in the 
health sector, LE has been extended from 65 to 70. However, because its 
input cannot be increased indefinitely, LE cannot be extended similarly. 
This is because human survival probability and LE include specific 
limitations. For instance, according to recent data, the lowest LE of any 
country is 53 years of age, whereas the highest of any country is 85 (an 
average of 73). Therefore, reducing the differences between these 
countries is necessary to extend the LE beyond 73 years. 
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Fig. 1.3. LE and CLSS 

Fig. 1.4 shows the quantitative levels and LE of the SEFs, which is an 
opposing graph to Fig. 1.3. In other words, the SEFs indicate a negative  
direction. Hence, LE is higher because the value of the SEFs is relatively 
minor. Alternatively, it suggests that the higher their value, the lower the 
LE. For instance, if the gender discrimination index is high, the LE will 
inevitably be low because the socio-structural change is undesirable. 
Therefore, as for the value of life expectancy, the larger the SEFs that are 
socially and structurally undesirable, the lower the LE. 

It is noteworthy that even if an individual is born with a genetically 
healthy constitution, they (from the age of 65) may develop diseases due 
to inadequate healthcare. However, the case of reaching the age of 75 in 
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good health is similar to what is shown in Fig. 1.1. Therefore, realistically, 
if a national government intensively allocates medical resources to the 
healthcare sector, the impact can be enormous. In other words, the 
influence of an individual’s healthy lifespan extension will increase their 
survival probability and LE the most, as shown in CLSS 3 countries. For 
instance, at 100 years of age, the survival probability will increase from 5% 
to 10%, whereas LE will also increase from 75 to 80 years. This indicates 
that healthcare projects carried out by state and local communities are 
more effective than individual efforts at maintaining health. 

Finally, CLSS 3 countries have an advanced state-led health and welfare 
system that guarantees a prosperous retirement for an aging society. These 
developed countries can teach lessons to developing countries, which have 
low survival rates. For instance, they can provide healthcare information 
by revealing the reasons for such longevity and the SEFs that affect LE 
and survival probability the most. In addition, humanitarian efforts should 
support public health and medical projects in developing countries, which 
will significantly increase survival probability. SEFs can have a decisive 
effect on an individual’s lifespan; we hope that influential variables can 
reduce the gap between countries. 
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Fig. 1.4. Reverse LE and CLSS 

Fig. 1.5 shows the relationship between survival probability and SEFs. In 
other words, the SEFs indicate a negative  direction. Hence, survival 
probability is higher because the value of the SEFs is relatively minor as in 
Fig 1.4. Alternatively, it suggests that the higher the ( ) value of SEFs, the 
lower the survival probability. For instance, if the gender discrimination 
index is high, the survival probability will inevitably be lower because of 
mental stress. Therefore, as for the value of survival probability, the larger 
the SEFs that are socially undesirable factors, the lower the survival 
probability. 
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Fig. 1.5. Survival probability and GII of SEFs 

If PLI is the gender discrimination index (GII) in Fig.1.5, as the GII factor 
increases, the GII of SEFs continues to deteriorate, and the survival 
probability decreases. In terms of CLSS, the survival probability is 60 
years old when the sex discrimination index is 1.6 in a CLSS 1 country, 
with a very high sex discrimination index in the current national society 
(point B). However, in a CLSS 2 country, the gender discrimination index 
is 0.2, and the probability of survival is 65 (point A). Thus, the difference 
in survival probabilities between these countries is a 5-year gap. 

However, in Fig.1.6, PLI is upward sloping. Because if the PLI in this case 
is basic sanitation services (BSS), the survival probability increases as 
BSS increases. In Fig.1.6, in a CLSS 1 country with a very low BSS in the 
current national society, when BSS is 80%, the survival probability is 75 
years old (point B). However, in a CLSS 2 country, when the BSS is 90%, 
the survival probability is 80 years old (point A). Therefore, the difference 
in survival probabilities between these countries is a 5-year gap. 
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Thus, an increase or decrease in GII and BSS of SEFs leads to an increase 
or decrease in the survival probability of humanity. This book will 
empirically explain these outcomes using various studies in each chapter. 

 

Fig. 1.6. Survival probability and BSS of SEFs 
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PART 2  

FACTORS FOR BECOMING A CENTENARIAN 
 
 
 
Part 2 presents the conceptual graphs of survival probability and 
examines the correlations between SPBC and PLI and CLSS in SEFs. 
Further, it focuses on the SPBC at 82 years of age and explains significant 
SEFs. 
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CHAPTER 2 

THE SOCIOECOLOGICAL FACTORS (SEFS) 
 OF BECOMING A CENTENARIAN 

 
 
 
Chapter 2 introduces the SEFs that determine SPBC. As explained in Part 
1, SPBC is affected by SEFs’ increase and decrease through CLSS and 
PLI. Thus, this chapter shows the synergistic effect on SPBC when CLSS 
and PLI are combined. However, there is a gap in SPBC, depending on 
the increase/decrease in these two aspects. In this case, nine variables of 
PLI and CLSS are used to express the influences of SEFs in 39 countries. 
Moreover, the association between SPBC and these variables is described 
using data from the ‘Human Mortality Database.’ 

2.1 Increase in survival probability and life expectancy 
(LE) 

2.1.1 Personal life improvement (PLI) 

The factors that determine an individual’s survival probability can initially 
be found in their diet and lifestyle (i.e., food, clothing, hygiene, and 
shelter). Fig. 2.1 presents a curve regarding the association between SPBC 
and PLI. For example, the 85-year-old PLI 1 curve shifts to the 90-year-
old PLI 2 curve, thus extending the lifespan. As a result, the 90-year-old’s 
survival probability improves by 20%, from 10% to 30% (Fig. 2.1). This is 
due to the formation of triangle ABC, which indicates that the survival 
probability can increase by improving an individual’s income, hygiene, 
living environment, lifestyle, diet, and stress levels. Specifically, the 
survival probability increases by 20% by vertically moving from Point A 
to Point C and extending from 85 to 90 years by horizontally moving from 
Point B to Point C. In addition, this chapter empirically discusses a case in 
which a 70-year-old can become 100 years of age based on improved 
income and living environment. 
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Fig. 2.1. SPBC and PLI 

2.1.2 Difference in CLSS 

What role does the national government play when determining the 
survival probability of an individual? Fig. 2.2 shows that the CLSS change 
curve includes the same meaning as the survival probability curve of 
countries. In other words, their survival probability curve moves 
downward and to the right. It is also a CLSS change curve that can predict 
the survival probability of citizens up to the age of 100. 

For example, a CLSS 1 country has a 50% chance of survival at age 65, 
while a CLSS 2 country has a 50% chance of survival at 75. However, a 
CLSS 3 country has a 30% chance of survival at age 95 (Fig. 2.2). Thus, 
the difference in survival probability and age between these countries is 
that various factors are at work, the cause of which can be found in SEFs. 
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As for the difference in survival probability between CLSS 1 and CLSS 3 
countries, advanced countries maintain the top group in CLSS 3. However, 
some countries in CLSS 1 of Asia, Africa, and Eastern Europe with low 
incomes and living standards have low survival probability until 100. In 
addition, the development of the national economy and socio-cultural level 
and the improvement of living environments and lifestyles can also affect 
the difference in survival probability and LE. 

 

Fig. 2.2. SPBC and CLSS 

It is assumed that the CLSS and PLI curve, which increases the survival 
probability (SPBC) and LE, includes the following properties (see Fig. 2.2 
and 2.3): 
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 SPBC and LE gradually rise to the right in countries where the quantity 

and size of CLSS and PLI increase in SEFs. 
 
 As the number of CLSSs and PLI increases, the SPBC (survival 
probability) and LE do not sharply drop but gradually lowers to the right. 
The extent of this drop depends on the amount of change in the CLSS and 
PLI curves. 
 
 The increase/decrease in the PLI and CLSS curve of SEFs affects 

survival probability (SPBC) and the increase/decrease in LE. 
 
 Some SEFs affect the probability of survival up to the age of 100. 

However, the extension of SPBC and LE includes a property that all SEFs 
affect. 
 
 If LE is extended up to 100 years, it depends on the capacity of change in 

PLI and CLSS. This is because improvements in income and living 
standards have the effect of extending SPBC and LE. 
 
 
 
For instance, PLI in SEFs includes an individual’s economic level, Internet 
usage, and cellphone subscription rate, all of which can affect LE and 
SPBC. The related research and their relevance are presented in Chapters 2 
and 3. 

2.1.3 PLI and CLSS 

How does LE relate to PLI and CLSS? In this regard, note Fig. 2.3, in 
which CLSS and PLI form a rising curve, respectively. Here, the CLSS 
curve extends LE to 90 years of age. This is the result of extending LE 
based on the quantitative scale of social structural change and the input of 
the national healthcare sector. In other words, the national income and the 
ratio of healthcare expenditures in the gross domestic product (GDP) at the 
national level affect the increase in human lifespan. 

In the same figure, PLI raises LE to 70 from 50 years of age. This can 
occur when fundamental life improvements such as safe drinking water 
and personal hygiene facilities, are affected. Thus, if CLSS and PLI are 
simultaneously carried out in a country with social change, an increase in 
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LE will bring about a synergistic effect (Fig. 2.3). In other words, the rise 
in LE means that individual and country social factors act dually, making 
room for a significant increase. For example, suppose the increase in the 
ratio of healthcare expenses in the GDP is considered CLSS, and personal 
hygiene facilities are considered PLI. In that case, this book clarifies that 
SEFs can transform 70 and 82 years of age into 100 years. 

 

Fig. 2.3. PLI and CLSS 

2.1.4 Increase in survival probability and LE 

How will SEFs curves determine survival probability at the ages of 70 and 
80 at the individual and social level? First, let us introduce their 
comprehensive curves. Fig. 2.4 shows the curves in which SEFs 
successfully improve survival probability and LE by increasing PLI and 
CLSS. In other words, it assumes that the PLI and CLSS survival 
probability curves shift upward, thus assuming that the PLI and CLSS 
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curves survive to the age of 100. In addition, PLI 1 and CLSS 1 curves 
increase the survival probability by 59% due to an increase by 60% in 
SEFs. The PLI 4 and CLSS 4 curves improve by 90% by inputting more 
than 99% (Fig. 2.4). Therefore, the increase in survival probability and LE 
can be predicted by the increase/decrease in SEFs. 

For example, from an individual’s point of view, if hygiene problems are 
improved, LE will increase. In addition, from a national and social point of 
view, a change to a society without gender discrimination can increase LE 
and survival probability. Therefore, provided that the countries’ public 
health expenditure increases, sanitation problems are improved, and a 
change to a society without gender discrimination occurs, the probability 
of survival to 100 years of age is expected to increase. 

 

Fig. 2.4. LE, SPBC, and SEFs 
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2.2 Socioecological determinants of survival probability 

2.2.1 Estimation of SPBC and SEFs 

Is there a correlation between SEFs and SPBC? What factors influence 
SPBC in their age groups? Will these factors include income, medical 
expenses, cell phone use, or sanitation services? In many countries, 
especially for women, the odds of surviving to 100 years of age have 
increased over the past few decades. Although survival rates to 100 years 
are improving, it is impossible to determine whether natural lifespans have 
increased, at least in some countries (Kannisto, 1988). However, SPBC 
may be influenced by the aforementioned SEFs indicators. Hence, a 
review of case-control studies may help uncover the factors associated 
with SPBC and healthy aging. 

Today, the 100-year-old population is steadily increasing worldwide 
(Byass, 2008), with dramatic increases in this demographic over the past 
half-century (Berr et al., 2012). Thus, SPBC defines the production 
estimate for the population of 100-year-olds (Kim & Kim, 2014). 
Meanwhile, SPBC (82) refers to the probability of surviving to age 100 for 
the population of 82-year-olds. It should be noted that SPBC (82) is not 
associated with fertility because the study cohort had already reached 82 
years of age. 

Conversely, survival probabilities are expressed as numbers. The 100-
year-olds proposed in previous research were used as healthy aging 
indicators, yielding longevity indices applicable in certain countries 
(Robine, 2005; Kim, 2013, 2014; Kim & Kim, 2014). Therefore, these 
case studies investigated the relationship between SEFs and SPBC (82) as 
an independent variable. The present study can estimate the influence of 
the nine variables by determining how SEFs affect SPBC (82) from the 
PLI and CLSS in 39 countries (see Fig. 2.5.1~4). 

Overall, this study estimates the association between SPBC (82) and SEFs 
using Pearson’s correlation coefficient and multiple regression models. In 
particular, this chapter identifies the differences in SEFs related to SPBC 
(82) in 39 countries. As stated earlier, SPBC (82) is the number of 
survivors who turn 100 years of age on a given date, divided by the 
corresponding cohort size for that age (Kim, 2013; Kim & Kim, 2014, 
2016, 2017). In this case, 82 is the age used for all countries from 2000 to 
2018, divided by the cohort size for that age. For these calculations, this 
study utilized the Human Mortality Database (HMD, 2018). 
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As shown in Fig. 2.5. 1–4, it is essential to consider what policies are 
necessary for increasing the survival probability to 100 years of age. 
Under the premise that other factors are constant, CLSS and PLI can 
increase/decrease the survival probability (SPBC) and LE by 
increasing/decreasing SEFs. Note that the PLI and CLSS curves in Figs. 
2.5.1, 2.5.2, and 2.5.3 are upward and to the right. It indicates that the 
survival probability and LE increase when individuals improve their lives, 
and the countries promote health policies and related projects. In other 
words, the survival probability and LE increase when CLSS (UP; 
HEPGDP; SVPW) and PLI (GNI; BSS; SMDW; IUI; FTMPS) increase. 
However, there are factors in which the sign of SEFs operates in the 
negative ( ) direction. For example, in Fig. 2.5.4, the curve is downward 
and to the right. In practice, the gender inequality index (GII) should also 
decrease. Then, individuals in their 70s and 80s can reach the age of 100 
and maintain a healthy lifespan. 

 

Fig. 2.5.1. Relationship between SPBC, and GNI and SVPW in SEFs 
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Fig. 2.5.2. Relationship between SPBC, and UP, BSS, and SMDW in SEFs 

 

Fig. 2.5.3. Relationship between SPBC, and IUI, FTMPS, and HEPGDP in SEFs 
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Fig. 2.5.4 Relationship between SPBC and GII in SEFs 

2.2.2 Framework of the impacts on SPBC 

At this point, the proposed research framework describes the SEFs for 
SPBC (82) in Fig. 2.6. The primary hypothesis is that all conditions are 
constant. However, the influence of genetic factors on SPBC (82) is 
excluded. Thus, the factors related to SEFs are as follows. The factors GNI, 
FTMPS, BSS, GII, IUI, and SMDW are assumed in PLI. However, from 
the CLSS perspective, the elements like HEPGDP, SVPW, and UP are set. 
The significant, influential variables are analyzed under the premise that 
they are related to SPBC (82), PLI, and CLSS.  

Consequently, from the perspective of PLI, it is hypothesized that the 
better the national income, telephone use, basic hygiene, gender equality 
without gender discrimination, users of the Internet, and safe drinking 
water, the greater is the probability that 82-year-olds will reach 100.  

From the CLSS perspective, it is hypothesized that the proportion of 
health and medical expenses in the GDP, value-added productivity, and a 
national society with better urbanization can increase the probability of 
surviving from age 82 to 100. 
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Fig.2.6. Conceptual framework of the SEFs for SPBC (82) 

Fig. 2.6 indicates the determinants that affect SPBC (82). The factors are 
GNI, HEPGDP, FTMPS, BSS, GII, SVPW, IUI, UP, and SMDW.  

For example, GII showed a negative effect among these variables, while 
HEPGDP, IUI, and BSS showed more than 50% correlations in Table 2.1. 
The results of these nine variables are as follows: In a country with an LE 
of 82 years, if eight variables increase and one variable decreases, the 
probability of survival to 100 years of age increases.  

Overall, this chapter focuses on the correlation between the nine variables, 
while the estimated regression formula of SPBC (82) for those variables is 
described in Chapter 4. 
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Table 2.1. Correlation coefficient for SPBC (82) and SEFs 

 

2.2.3 Gross national income (GNI) 

One significant SEF that can affect the survival probability of an 
individual’s healthy lifespan is basic income. 

The food, clothing, and shelter consumed as income are fundamental for 
maintaining a healthy lifespan. In other words, if there is no basic income, 
then it is impossible to maintain an essential livelihood. Besides, if the 
national income level is high, there is a high possibility that the healthcare 
system is well-equipped, and it will quickly respond in the case of an 
emergency. In addition, families with high-income levels have a higher 
quality of life than those of low-income households, and they are more 
likely to maintain a healthy lifespan and reach 100 years of age. 

Fig. 2.7 presents a graph showing the association between GNI and SPBC 
(82). As a country’s GNI increases, its SPBC (82) increases. For example, 
the probability of survival from 72 to 102 years of age gradually increases 
as the GNI increases. 

In this figure, the probability of survival at 82 is 15% at Point B, the 
survival probability at the age of 92 is 25% at Point C, and the 102-year-
old survival probability is 30% at Point D. In this case, their survival 
probabilities increase as the GNI increases. However, as the age increases, 
the rate of the rise in the survival probability decreases. Specifically, from 
82 to 92, the increase is +10%, but from 92 to 102, the growth is only +5%. 
It is the result of aging and the level of health. 
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In addition, in low-income countries with low LE, the survival probability 
until the age of 72 is 10% at Point A, while until the age of 82 it is +5%. 
This confirms the close relationship between the survival probability and 
the national income level. 

After all, the GNI is the most critical variable among the SEFs. This is 
because the GNI can improve health with economic support and the 
human lifespan can reach 100 years of age. Furthermore, we can confirm 
that the lower the income level, the lower the probability of survival. This 
is the main reason why research on the improvement of each country’s 
economic level, sustainable economic development, and extension of 
human lifespan should continue. 

 

Fig. 2.7. SPBC associated with GNI 

Fig. 2.8 does not extend the human lifespan, but it increases the survival 
probability at 82 years. Specifically, from Point A1 to Point A2, i.e., at 82, 
the survival probability increases by +10%, i.e., from 50% to 60%. This is 
due to advancements in medical technology, including the following: 
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 Artificial oxygen respirators 
 Improvement in heavy-equipment operating rooms 
 Artificial intelligence diagnoses and procedures 
 Use of cutting-edge medical equipment 
 Improvement in the efficacy of herbal ingredients 
 Improvement in vascular procedures 
 Improvement in cerebrovascular systems 
 Development of new drugs, etc. 

 
 
In this regard, such medical developments are the result of economic 
support. Thus, it is a collective approach to the development of 
socioecological healthcare by the national government and medical field, 
which, in turn, can increase the survival probability of the older population. 

 

Fig. 2.8. Increase in SPBC and GNl 
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Fig. 2.9 shows the extension of a healthy lifespan. In this case, it does not 
increase the odds of survival at 82 years of age, but it extends the lifespan 
from Point A to Point B. Specifically, at 82 years of age, the survival rate 
is constant at 60%, but it is a case of extending the healthy lifespan by five 
years from 80 to 85. This indicates that it is a product of cutting-edge 
medical development that has extended the human lifespan with economic 
support. Specific examples are as follows: 

 
 Robotic treatment 
 Video-call treatment 
 New medical technology that prevents and treats diseases, 

customized to individuals 
 Generalization of artificial organs 
 Treatment of geriatric diseases with brain disease treatment 

technology 
 Remote surgery through u-health technology 
 Disease treatment by robots 

 
 
Such state-of-the-art medical development is not achieved by the passive 
healthcare administration of the countries. Instead, it is achieved through 
unprecedented health and economic support by the countries' health and 
medical services. Furthermore, it can reach by making radical innovations 
such as performing state-of-the-art robotic medical procedures. Therefore, 
human lifespan extension is only possible when the national income level 
improves and medical science advances. 
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Fig. 2.9. Extension of SPBC and the increase in GNI 

 
GNI is defined as income per capita converted to U.S. dollars, divided by 
the midyear population. Thus, GNI is the sum of value-added by all 
residents, in addition to any product taxes not included in the valuation of 
output and net receipts of primary income from abroad. GNI, calculated in 
national currency, is usually converted to U.S. dollars at official exchange 
rates (WB, 2021a). 

 
Since GNI is the sum of the country’s citizens in return for participating in 
domestic and foreign production activities or providing the necessary 
assets for production, it is possible to conclude that the GNI is 
proportional to the health level of the country. In addition, the lowest 
SPBC (82) among the 39 countries surveyed shows Ukraine. Specifically, 
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the country’s income level (i.e., the GNI per capita) in 2020 was $3,540, 
while that of the European Union in 2019 was $35,873, and that of Central 
Asia in the same year was $25,246. Consequently, Ukraine’s GNI level is 
low. Therefore, countries with low-income levels have low national health 
levels. 

Meanwhile, tuberculosis (TB) mortality rate can be used to measure the 
health level of individuals and countries, compared to a country’s income: 

 
The incidence of TB is the estimated number of new and relapse cases 
in a given year, expressed as the rate per 100,000 people. In this case, 
all forms of TB are considered, including issues of individuals living 
with HIV (WB, 2021b). 
 

 
The 2019 incidence of TB in Ukraine, with the lowest SPBC (82) among 
the 39 countries surveyed, is 77 (per 100,000 people). In 2019, the TB 
death rate in Europe and Central Asia was 27. Compared to Ukraine, the 
United States included three people, while the United Kingdom had eight. 
Thus, the gap between these countries was 26 times and ten times, 
respectively. 

Tuberculosis is known to be a common disease in underdeveloped 
countries. There is also a gap in the incidence/prevalence of TB according 
to the country’s economic level. In other words, TB is a common disease 
in emerging countries with low national economic standards. For TB, 
long-term drug use and adequate nutrition are essential. In particular, 
getting sufficient nutrition and taking long-term TB drugs for more than 
six months is only possible when the national income level and hygiene 
standards are high. In addition, the national income level can be 
proportional to the intake of essential nutrients to strengthen immunity. 
This being the case, GNI is highly correlated with national health. Thus, it 
is significant SEFs in the survival probability of reaching 100 years of age. 

Fig. 2.10 shows a graph in SPBC (82) increases as GNI increases. Based 
on this hypothesis, Ukraine has 21 people (per 10,000 people) in SPBC 
(82), while Japan has 185 and France has 153 (see Additional File 1). This 
figure shows that the estimated value calculated is SPBC 1 for Ukraine, 
SPBC 2 for France, and SPBC 3 for Japan. Thus, SPBC 1 country is 
approximately seven to nine times lower than SPBC 2 and SPBC 3 
countries. 
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As mentioned earlier, even if the national economic level is high, if 
diseases, such as TB, are widespread, the probability of survival to the age 
of 100 is inevitably low. However, it is possible to state that the health 
level can reach 100 years of age if it overcomes common infectious 
diseases and diseases like cancer, cardiovascular disease, diabetes, and 
high blood pressure. 

Consequently, if a significant population suffers from an underlying 
infectious disease, then the probability of survival at the age of 100 will be 
even lower. 

From a macro perspective, the national income level (especially a high-
income level) affects the probability of survival to 100 years of age. 
Conversely, a country with a low-income level will not consider national 
social support without state aid. The problem is that there is a need for 
strategies to respond to healthcare services. However, even if interest, 
support, or outsourcing for the health of world countries is at the national 
level, alternatives (e.g., personal medical services and health policies) that 
can improve one’s personal life must be legislated. 

Overall, socioeconomic support is necessary for improving the national 
health level. First, if the economic status of underdeveloped countries is to 
improve, foreign aid and loans from advanced countries are required. 
However, suppose a country’s national health policy is not pursued as the 
top priority. In that case, it will be challenging to achieve a healthy 
lifespan and the probability of survival to 100 years of age. Thus, the best 
method to maximize such survival probability is prioritizing national 
health and medical policies and providing economic support. Second, the 
next priority is to prepare legislation for the nation that can be practiced by 
the state and individuals, even if the economic support of the national 
government aims to solve such health problems. Based on this point, 
healthcare and health education should continue so that the citizens can 
improve their standard of living. 

A high national income level is observed in SEFs that exerts a significant 
influence on improving the health of citizens and increasing the survival 
probability to the age of 100. In other words, individuals with high-income 
levels can actively prevent diseases through, for example, personal 
hygiene and safe drinking water management and improve their quality of 
life without gender discrimination. In addition, countries with high 
national income levels can enhance the health of their citizens by 
revitalizing medical production and health services through the economic 

 EBSCOhost - printed on 2/14/2023 2:44 AM via . All use subject to https://www.ebsco.com/terms-of-use



Chapter 2 34 

support of the nations. Thus, preventing diseases, improving individuals’ 
quality of life and health, and receiving medical aid from the countries are 
attributable to GNI. 

 

Fig. 2.10. Difference in SPBC and GNI 

Fig. 2.10.1 shows SPBC and GNI by country. In a previous study (Kim & 
Kim, 2014, 2018), GNI also affected SPBC (70) in the 32 surveyed 
countries, confirming that the SEFs of GNI are essential in the production 
of SPBC. 

In SPBC (82 to 100) of this book, the GNI per capita, Atlas method 
(current US$), 2018 of Switzerland (83,730), Iceland (67,890), Norway 
(80,640), Australia (53,190), Luxembourg (70,910), and United States 
(63,170) were from 53,190 to 83,730. Switzerland’s GNI was the highest 
among the 39 countries. That country corresponds to Point A (SPBC 1, 
survival probability 91–112) in Fig. 2.10.1. 
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Additionally, the GNI of Austria (49,080), Finland (48,280), Italy 
(33,840), Germany (47,050), the Republic of Korea (32,730), New 
Zealand (42,110), United Kingdom (41,770), and Israel (40,860) are from 
32,730 to 49,080 categories. Therefore, their Point B groups fall under the 
SPBC 2 (survival probability 78–108) classes. 

Lastly, GNI of Czech Republic (20,520), Greece (18,970), Slovak 
Republic (18,350), Lithuania (17,460), Latvia (16,540), and Hungary 
(15,020) are from 15,020 to 20,520 categories. These countries fall under 
the categories of Point C groups (SPBC 3, survival probability 42–97). 

Thus, we confirm that GNI is critical in raising SPBC (82 to 100) from 
Point C and B to Point A countries. 

 

Fig. 2.10.1 SPBC (82) associated with GNI 
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In addition, this book of 2021 shows the correlation coefficient for SPBC 
(82) and GNI in 39 countries (r = 0.487). Table 2.2 presents research 
proving that SPBC (82) is associated with GNI. This means that if it is an 
increased GNI, SPBC (82) will also increase. Therefore, if the national 
income level increases, centenarians’ probability of survival will increase. 

Table 2.2. Correlation coefficient for SPBC (82) and GNI (N = 39) 

 

 

Conversely, the human development index (HDI) can evaluate a country’s 
education level, GNI, and LE. If all three indicators are high, the survival 
possibility of reaching 100 years of age is very high (Kim, 2013). 
However, the problem is the level of the country’s HDI. If we prioritize 
these three factors, we will need a strategy that simultaneously raises our 
income and education levels because countries with higher income and 
education have higher LE. Therefore, if HDI is high, the survival 
probability of reaching 100 years of age is very high. 

Kim, Jong In. Social factors associated with centenarian rate (CR) in 32 
OECD countries. BMC Int Health Hum Rights 13, 16 (2013). 

 

2.2.4 Healthcare expenditure as a percentage of GDP 
(HEPGDP) 

The share of national medical expenditure in the GDP, the proportion of 
health and medical expenditure among government expenditure, and 
public medical expenditure are significant factors. This indicates that the 
countries play an important role in maintaining the healthy lifespan of 
individuals up to 100 years of age. Therefore, the countries’ HEPGDP 
should be the top priority in maintaining or increasing LE. 
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Even in a country with a small national budget, if the proportion of 
healthcare costs is high, then the health of its people can be improved. 
This indicates that citizens’ health can be determined by how much 
healthcare and medical expenses are spent, rather than the size of the total 
national budget. In addition, the higher the proportion of investments in 
healthcare and medical expenses in the national budget, the more 
advanced the healthcare and medical system. Accordingly, it is possible to 
increase the LE of the population and maintain a healthy lifespan up to the 
age of 100. 

Conversely, Fig. 2.11 presents SPBC (70) as the survival probability of 
reaching 100 at 70 in the 32 countries surveyed (Kim & Kim, 2014). In 
this case, personal living standards, GNI, and HEPGDP significantly affect 
SPBC (70) (Kim, 2013; Kim & Kim, 2014, 2016). Thus, as confirmed by 
the author’s previous study (Kim & Kim, 2014, 2016), an increase in GNI 
and HEPGDP can increase both SPBC (70) and SPBC (82). In other words, 
it considers that HEPGDP and GNI are essential factors for the survival 
rate at 100 years of age. 
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Fig. 2.11. Conceptual framework and SPBC (70) 

SPBC (82) confirmed that the countries with the lowest SPBC had higher 
incidences and morbidity in primary infectious diseases such as TB. It 
showed that such aspects were closely related to basic sanitation facilities 
and primary healthcare services. The countries with the lowest SPBC (82) 
had lower income levels and low HEPGDP. Consequently, the incidences 
and morbidity of infectious diseases were inevitably high (Theou et al., 
2013). 

If we look at the history of disease worldwide, malaria is an infectious 
disease carried by the Astragalus mosquito. This disease infects 200–300 
million people and kills millions every year. In this regard, it is important 
to take anti-malarial medications before traveling to certain areas. As for 
other examples, common diseases in Burundi, Africa, include malaria, 
pneumonia, and typhoid fever (Guthmann et al., 2007). In fact, in 2015, 
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roughly 1 out of 10 children in Burundi died before the age of five from 
preventable and treatable illnesses such as pneumonia and malaria (Kim & 
Kim, 2019). Interestingly, in 2013, Burundi spent 8% of its GDP on 
healthcare (W, 2021). Meanwhile, in high-income countries, the prevalence 
of infectious diseases is low, and LE is high. This indicates that 
individuals in high-income countries tend to live longer than those in low-
income countries (Theou et al., 2013; Kim & Kim, 2014, 2019). 

For SPBC (82) and SPBC (70), respectively, the model predictor relationship 
between HEPGDP and GNI is significantly positive, indicating that such 
factors contribute to the probability of surviving to 100 years. Developed 
countries with high national incomes have a much faster rate of medical 
technology development than less-developed countries. On the other hand, 
countries with a low national income have a slower rate of medical 
technology development. Thus, there is a high correlation between the 
national economic level and the speed of medical development (Kim & 
Kim, 2014). In addition, the higher the HEPGDP, the higher the national 
health level. However, developing countries with low-income groups lack 
the power to invest because the budget is limited. This indicates that only 
improvements in economic status can increase the health levels of citizens. 

In sum, if the national economic level is high, but medical development 
technology and the proportion of HEPGDP is low, there is insufficient 
capacity to contribute to the survival probability of reaching 100 years of 
age. Conversely, when the national income level and the proportion of 
national medical expenses are high, the probability of reaching the age of 
100 is high (Kim & Kim, 2014). Meanwhile, if the intensity of labor 
increases to increase national income, then the level of health decreases. 
On the other hand, if the power of labor increases with a balance between 
the number of leisure and working hours, individuals’ health will likely 
improve. Moreover, if a national political leader increases the share of 
healthcare and medical expenses in the GDP, the dream of being 100 years 
of age can be realized (Kim & Kim, 2014). 

Based on Fig. 2.12, it appears that when HEPGDP increases, LE is 
extended from the age of 82 to 92 years. However, an increase in 
HEPGDP does not increase the probability of survival at 82 years of age. 
Put precisely, although the survival probability moves from Point A to 
Point B, it moves horizontally at a constant level of 70%, with no change. 
Yet, from 82 to 92 years of age, the LE is extended by ten years. This 
indicates that the LE can be extended by increasing modern medicine and 
the government’s healthcare expenditure. 

 EBSCOhost - printed on 2/14/2023 2:44 AM via . All use subject to https://www.ebsco.com/terms-of-use



Chapter 2 40 

As stated earlier, if the GDP is high and the healthcare expenditure 
increases, it will help extend individuals’ LE. However, even if the GDP is 
high, if investment in public healthcare and medical expenses or 
government spending in the public health sector is low, then the extension 
of LE cannot be expected. This raises the following question: What would 
happen if the government has a high GDP, a solid will to invest in the 
public sector, and significant public healthcare and medical expenditure? It 
will result in cutting-edge medical technology and development (e.g., 
robotic surgery, generalization of artificial organs, treatment for infectious 
diseases, etc.) that will help extend the human lifespan. 

 

Fig. 2.12. Extension of SPBC and an increase in HEPGDP 

Fig. 2.13 shows that by increasing the share of HEPGDP, the LE can be 
extended from 82 to 92 years old, and when the lifespan of the same age 
group increases, it can reach 100 years of age. This is also a case in which 
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the survival probability of the patient rises from 70% to 80%. For example, 
in Japan, the number of 82-year-old women reaching the age of 100 was 
237 (per 10,000 people) in 2018 (see Additional File 1). Meanwhile, 
Japan’s HEPGDP was 84%, the second highest among the 39 countries 
surveyed. Conversely, Ukraine was the country with the lowest HEPGDP, 
at 48%. Additionally, the number of 82-year-old women in the country 
reaching the age of 100 was the lowest at 23. In sum, the production of 
100-year-olds in Japan is ten times the countries’ investment and 
approximately 1.8 times the expenditure in the public sector. 

This comparison is based on the assumption that the conditions of SEFs 
affecting different lifespans are constant. We must pay attention to the fact 
that a country’s GDP should be increased to raise national productivity 
and investments in the public health sector. 

 

Fig. 2.13. Increase in SPBC and HEPGDP 
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Fig. 2.14 presents a graph in which SPBC (82) increases as HEPGDP 
increases. For example, among the 39 countries surveyed, Ukraine has 21 
SPBCs (82) per 10,000 people. In comparison, Japan has 185 people, 
while Iceland has 122. Therefore, the figure’s estimated value is SPBC 1 
in Ukraine, SPBC 2 in Iceland, and SPBC 3 in Japan. 

In this case, the SPBC (82) of the SPBC 1 country, compared to that of the 
SPBC 2 and SPBC 3 countries, is approximately 5.8 times and 8.8 times 
lower, respectively. What is the reason for this? As mentioned earlier, the 
low level of the national economy is preventing the countries from 
investing in the public health sector. 

The national health level of the country should rise, even if it receives a 
country’s loan. However, in countries with a high GDP, the share of public 
health expenditure may still be below. This indicates the neglect of the health 
levels of the country’s people and highlights a severe health policy error. 

Consider the following example. Country A has economic strength and a 
high GDP. In addition, the political leader of Country A is interested in the 
health of the citizens. However, if the investment priority in the public 
health sector is low, then national health will be uncertain. 

On the other, the leader of Country B, who lacks the resources of the GDP, 
has a strong desire to invest in the public health sector and is constantly 
working to raise financial resources to improve people’s health. 

In addition, although the GDP is at the country’s lowest level, the leader of 
Country C receives foreign economic aid to improve national health and 
make bold investments in the public health sector. 

Based on these examples, what type of leader would we prefer? 
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Fig. 2.14. Difference in SPBC (82) and HEPGDP 

For reference, in a study published by the author in 2014, SPBC (70) of 
the subjects of the multiple regression analyses were GNI and HEPGDP in 
32 countries (Kim & Kim, 2014). Fig. 2.15.1-2 presents research graphs 
proving that SPBC (70) increases when GNI and HEPGDP increase. 
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Fig. 2.15.1 shows HEPGDP by country. In a previous study (Kim, 2031, 
Kim & Kim, 2014), HEPGDP affected SPBC (70) in 32 countries and the 
centenarian rate (CR, 50-54) in the 32 OECD countries that were 
surveyed, confirming that the SEFs of HEPGDP are essential in the 
production of SPBC. 

In SPBC (82 to 100) of this book, the current health expenditure as a 
percentage of GDP, 2018 of United States (16.89), Switzerland (11.88), 
France (11.26), Japan (10.95), Canada (10.79), Belgium (10.32), Norway 
(10.05), and United Kingdom (10.00) were from 10 to 16.89. Thus, United 
States’ HEPGDP is the highest among the 39 countries. Moreover, these 
eight countries correspond to Point A groups (SPBC 1, survival 
probability 91–185) in Fig. 2.15.1. 

Additionally, the HEPGDP of Netherlands (9.97), Portugal (9.41), 
Australia (9.28), New Zealand (9.21), Republic of Korea (7.56), Israel 
(7.52), Chile (9.14), Finland (9.04), Spain (8.98), Italy (8.67), Iceland 
(8.47), Slovenia (8.30), and Greece (7.72) are from 7.52 to 9.97 categories. 
Therefore, their Point B groups fall under the SPBC 2 (survival probability 
86–128) classes. 

Lastly, the HEPGDP of Ireland (6.93), Croatia (6.83), Hungary (6.70), 
Estonia (6.69), Slovakia (6.69), Luxembourg (5.29), Lithuania (6.57), 
Poland (6.33), Latvia (6.19), Belarus (5.64), and Russian Federation (5.32) 
are from 5.29 to 6.93 categories. These countries fall under the categories 
of Point C groups (SPBC 3, survival probability 31–96).  

Thus, we confirm that HEPGDP is critical in raising SPBC (82 to 100) 
from Point C and B to Point A countries. 
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Fig. 2.15.1 SPBC (82) associated with HEGDP 

In addition, this book of 2021 shows the correlation coefficient for SPBC 
(82) and HEPGDP in 39 countries (r = 0.544). Table 2.3 presents research 
proving that SPBC (82) is associated with HEPGDP. This means that if it 
is an increased HEPGDP, SPBC (82) will also increase. Therefore, we 
know if healthcare expenditure in GDP increases, the survival probability 
of centenarians will increase. 
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Table 2.3. Correlation coefficient for SPBC (82) and HEPGDP (N = 
39) 

 

2.2.5 Fixed telephone and mobile phone subscribers (FTMPS) 

Does the percentage of telephone subscribers affect the probability that an 
82-year-old will live to be 100 years of age? The telephone is important in 
everyday life and critical in emergencies such as fires, natural disasters, 
and health issues. Therefore, subscribing to a telephone service is one of 
the main factors in the survival probability of living to 100 years of age. 

Fig. 2.16 presents a graph of the survival probability and LE at 82, based 
on FTMPS. Thus, the survival probability increases from 60 to 70 years, 
while the LE extends from 80 to 90 years.  

In this case, this is based on the premise that individuals aged 80 and older 
can use the telephone to communicate with their family members and 
notify them of any health concerns and emergencies, regardless of whether 
they live alone or with others. Therefore, the telephone, to some extent, 
can increase the survival probability of such individuals. 
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Fig. 2.16. Increase in SPBC and FTMPS 

Fig. 2.17 includes a graph on the survival probability and LE from 82 to 
100 years due to the development of global technology and the 
participation of local citizens. In [1] of this figure, the cost of electricity 
generation technology is as follows. 

In the initial stage (Point A) of technological development, the investment 
cost is low, and the number of telephone subscribers is relatively small.  

However, depending on the development method of the telephone 
technology, the investment cost of the intermediate stage (Point B) 
gradually increases. In other words, it assumes that only consumers who 
can purchase expensive mobile phones use such technology.  

The final stage (Point C) is when the prices of the mobile phones are lower 
than those in the intermediate stage by accumulating technology and 
reducing investment and production costs. 

As a result, the number of mobile phone subscribers can increase to Point D, 
where individuals used one mobile phone per person in their 80s and 90s. 
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In other words, if a social environment is created in which individuals can 
purchase mobile phones at a low cost, then the population of those in their 
80s and 90s who purchase mobile phones will naturally increase, thus 
extending their healthy lifespan. 

 
Fig. 2.17. Life extension and development of FTMPS 

It is important to note that increasing the telephone subscription and usage 
rates can improve the quality of life of individuals since they can regularly 
communicate with neighbors, friends, and family. As a result, such 
communication can help individuals establish and maintain relationships, 
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which, in turn, can have a positive impact on their mental health. In this 
regard, the telephone is an SEF that supports the survival probability of 
living to 100 years of age. 

Previous studies have also demonstrated a high correlation between 
FTMPS and SPBC (70). In developed countries, significant investments in 
telecommunications have been shown to improve the quality of life of 
individuals (Kim, 2013).  

For instance, various aspects, such as regular telephone counseling and 
maintaining social relationships with friends and family, can positively 
impact mental health (Ailshire et al., 2011). In addition, telemedicine 
services (provided free of charge) can play an essential role in improving 
the health status of the elderly (Wang, 2011). In sum, FTMPS is a 
significant independent contributor to SPBC (70) (Kim & Kim, 2014). 

In related research, the social factors of FTMPS, which indirectly reflect the 
standard of living, are related to health by accessing high-quality, health-
related information (Kim & Kim, 2014). Furthermore, the increase in FTMPS 
can lead to an increase in SPBC (70), suggesting that it is an essential 
contributing factor for healthy aging and the production of 100-year-olds. 

In a previous study (Kim & Kim, 2014), Poland’s FTMPS score was the 
lowest among the 32 countries surveyed, while Sweden had the highest 
score. As FTMPS was the highest significant factor in raising SPBC (70), 
it was the highest correlation in Table 2.4 (Kim & Kim, 2014).  

In Fig. 2.18, FTMPS is also shown to be an essential factor of healthy 
aging. These results suggest a high correlation between FTMPS and the 
survival probability of living to 100 years of age (Kim & Kim, 2014). 

Table 2.4 Correlation coefficient for SPBC (70) and SEFs (N = 32) 

 
Jong In Kim & Gukbin Kim. Factors affecting the survival probability of becoming a 
centenarian for those aged 70, based on the Human Mortality Database: income, 
health expenditure, telephone, and sanitation. BMC Geriatrics 2014; 14:113. 
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Fig. 2.18.1 shows the FTMPS by country. In a previous study (Kim & 
Kim, 2014), FTMPS also affected SPBC (70) in 32 countries surveyed. In 
other words, this confirms that the SEFs of FTMPS are essential in the 
production of SPBC. 

In SPBC (82 to 100) of this book, the FTMPS of France (60), South Korea 
(53), and Japan (50) are from 50 to 60. Frances’ FTMPS is the highest 
among the 39 countries. These three countries correspond to Point A 
groups (SPBC 1, survival probability 101–185) in Fig. 2.18.1. 

In addition, the FTMPS of Iceland (44), Spain (42), Greece (49), the 
United Kingdom (48), Luxembourg (47), and Switzerland (42) are from 49 
to 42 people. These countries’ Point B groups fall under the (SPBC 2, 
survival probability 91–122) categories. 

Conversely, the FTMPS of the Russian Federation (22), Poland (20), 
Bulgaria (18), Latvia (18), Lithuania (17), Ukraine (17), the Czech 
Republic (15), and the Slovak Republic (14) were under 22. The Slovak 
Republic had the lowest FTMPS. These countries fall under the Point C 
groups (SPBC 3, survival probability 21–62) categories. 

Thus, we confirm that FTMPS is critical in raising SPBC (82 to100) from 
Point C and B to Point A countries. 
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Fig. 2.18.1 SPBC (82) associated with FTMPS 

In addition, this book of 2021 shows the correlation coefficient for SPBC 
(82) and FTMPS in 39 countries (r = 0.493). Table 2.5 presents research 
proving that SPBC (82) is associated with FTMPS. This means that if 
FTMPS is increased, SPBC (82) will also increase. Therefore, we know if 
the telephone and mobile phone increase, the survival probability of 
centenarians will increase. 

Table 2.5. Correlation coefficient for SPBC (82) and FTMPS (N = 39) 
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2.2.6 Basic sanitation services (BSS) 

Environmental pollution (e.g., air/water pollution) is another risk factor for 
a healthy lifespan. For example, water-borne infectious diseases can occur 
due to the community’s lack of BSS. In addition, hazardous minerals or 
tap water can cause various diseases. Thus, the community must have an 
adequate water supply facility to provide safe drinking water to the public. 

The adverse effects derived from the concentration of population in large 
cities and the harmful environmental pollutants emitted from factories 
(due to large-scale industrialization) are becoming health risks. If these 
aspects are not controlled or updated, reaching 100 years of age will be 
extremely difficult. Hence, national political leaders should prioritize their 
country’s hygiene issues. 

Fig. 2.19 presents the two types of leadership according to the hygiene 
situation, which are as follows: 

 
(A) Public sanitation-oriented leadership (PSL): Focus on environmental 
hygiene, such as water and sewage, implemented by the national and local 
communities. 

 
(B) Personal hygiene-oriented leadership (PHL): Focus on food and 
mental hygiene.  
 
 
First, in Fig. 2.19, the country’s economic level is divided into developed, 
developing, and underdeveloped. If it is a developed country, then “Good” 
is selected, whereas if it is a developing or underdeveloped country, then 
“Bad” is selected. 

Second, “High” is selected if CLSS is sufficient, whereas “Low” is 
selected if it is insufficient. 

Third, “Strong” is selected if PLI is sufficient, whereas “Weak” is selected 
if PLI is insufficient. Specifically, it is “Bad” if the national economic 
level is an underdeveloped country, “Low” if CLSS is insufficient, and 
“Weak” if PLI is insufficient. 

Hence, the leadership style for this situation should be PSL. Conversely, if 
the economic situation is bad and CLSS and PLI are not high (strong) or 
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low (weak), the leadership style should be PHL. This is because the 
economic background conditions are insufficient. 

 

Fig. 2.19. Hygiene-oriented leadership types associated with BSS 

Fig. 2.20 shows the survival probability and LE of individuals 60 to 100 
years of age in regard to community and individual sanitation facilities. As 
a result, the survival probability increases from 70 to 80 years, while the 
healthy lifespan extends from 60 to 80 years. This is based on the premise 
that inadequate environmental sanitation facilities can shorten the human 
lifespan.  

In particular, installing water and sewage facilities and improving toilets in 
the local community can directly/indirectly affect the health level of the 
community and individuals. In large cities, especially in developed 
countries, sanitation management mainly consists of building sanitation, 
quarantine, and cleaning agencies. 

However, with an LE of 63 years in Uganda, the government has 
implemented community-led clean hygiene management due to the severe 
lack of sanitation facilities. Without improvements in such facilities and 
personal hygiene management, the dream of reaching 100 years of age 
cannot be achieved. Conversely, if it effectively implements a 
comprehensive sanitation program focusing on personal hygiene 
management, the country’s LE can increase to 80 years or more. 
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Fig. 2.20. Increase in SPBC and BSS 

Fig. 2.21 shows the BSS by country. In a previous study (Kim & Kim, 
2014), BSS also affected SPBC (70) in the 32 countries surveyed. In other 
words, this confirms that the social factors of BSS are essential in the 
production of 100-year-olds. Additionally, Russia’s BSS (76%) was the 
lowest among the 32 countries (Kim & Kim, 2014). This corresponds to 
SPBC 1, and Latvia (82%) is SPBC 2 in Fig. 2.21. Conversely, Japan, 
Canada, Switzerland, and the United Kingdom (100%) had the highest 
BSS. These countries fall under the SPBC 3 categories. This confirms that 
BSS is a critical factor in raising SPBC (70) in SPBC 2 and SPBC 3 
countries. 
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Fig. 2.21. Difference in SPBC (70) and BSS 

Mortality due to BSS is also a well-known public health and sanitation 
issue. For instance, the incidence index of typhus in Russia is attributed to 
poor sanitation and is considered a health indicator for general sanitation 
conditions. If this indicator is ignored, the consequences can be 
catastrophic (Tarasevich et al., 1998). In other words, Russia, a SPBC 1 
country, has the lowest BSS for the probability of survival until the age of 
100. This reflects the lack of government investment in health and 
sanitation infrastructure. 

In a previous study (Kim & Kim, 2014), BSS indirectly affected the 
probability of survival to 100 years of age. Thus, the higher the BSS 
among 100-year-olds, the greater the health promotion as a preventive 
measure against infectious diseases and sanitation (Tumwebaze et al., 
2013; Kim & Kim, 2014). At the same time, if the BSS is adequate, it can 
help maintain the environmental hygiene necessary to survive at age 70 
and live to 100. In Fig. 2.22, the correlation between the predictor 
variables of SPBC (70) and BSS is positive, independent of the survival 
probability of becoming 100 years old (Kim & Kim, 2014). This confirms 
that it is a contributing factor. 
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Fig. 2.22.1 shows BSS by country. In a previous study (Kim & Kim, 
2014), BSS also affected SPBC (70) in 32 countries surveyed. In other 
words, this confirms that the SEFs of BSS are essential in the production 
of SPBC. 

In SPBC (82 to 100) of this book, the BSS (2016) of Japan, Chile, Spain, 
the United States, Israel, Australia, and the Republic of Korea were 100%. 
These countries' BSS is the highest among the 39 countries. These seven 
countries correspond to Point A groups (SPBC 1, survival probability 
101–185) in Fig. 2.22.1. 

In addition, the BSS of France, Canada, Iceland, Slovenia, Italy, the 
United Kingdom, and Greece are 99%. These countries' Point B groups 
fall under the SPBC 2 (survival probability 91–158) categories. 

Lastly, the BSS of Luxembourg, Norway, Netherlands, Poland, Slovakia, 
Belarus, and Hungary are 98%. These countries fall under the categories 
of Point C groups (SPBC 3, survival probability 45–96). 

Thus, we confirm that BSS is critical in raising SPBC (82) from SPBC 1 
(Point A) to SPBC 2 (Point B) countries. 
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Fig. 2.22.1 SPBC (82) associated with BSS 

In addition, this book of 2021 shows the correlation coefficient for SPBC 
(82) and BSS in 39 countries (r = 0.554). Table 2.6 presents research 
proving that SPBC (82) is associated with BSS. This means that if BSS is 
increased, SPBC (82) will also increase. Therefore, we can establish that 
an increase in sanitation equipment can increase the survival probability of 
centenarians. 
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Table 2.6. Correlation coefficient for SPBC (82) and BSS (N = 39) 

 

2.2.7 Gender inequality index (GII) 

The concept of gender equality requires that men and women equally 
enjoy socially valuable goods, opportunities, and rewards. Fig. 2.23 shows 
that the rights for gender equality are equally distributed.  

Specifically, the male-dominant authority (MDA) is Point A, which 
decreases to the right and increases to the left. In other words, the MDA is 
a social structure in which males have the most significant authority, 
compared to females. Due to gender inequality, the female survival 
probability (FSP) is 80%.  

In addition, the female-dominant authority (FDA) is Point B, which 
increases from the left to right. In other words, the FDA is a social 
structure in which females have the most significant authority, compared 
to males. Due to gender inequality, the male survival probability (MSP) is 
also 80%. 

Finally, Point C is a social structure that equally distributes male and 
female rights. Moreover, the gender equality index point is where 
opportunities and rewards for males and females are equal. In this case, the 
MSP and FSP are 95%, respectively. 

In other words, the probability of survival is higher in a gender-equal 
society than in a gender-unequal society. It is important to note that since 
the advancement of gender equality is highly related to the human 
lifespan, a gender-equal society must be established to extend the survival 
probability of reaching 100 years of age. 

 

 EBSCOhost - printed on 2/14/2023 2:44 AM via . All use subject to https://www.ebsco.com/terms-of-use



The socioecological factors (SEFs) of becoming a centenarian 63 

 

Fig. 2.23. Male and female authority and equality 

Fig.2.24 presents the GII and its association with SPBC. For example, if 
the GII decreases from 0.15 to 0.09, it moves from GII 1 to GII 2.  

Meanwhile, the point where the 0.15 vertical curve of GII 1 meets SPBC 1 
is the 100-year-old survival probability. Here, the survival probability of 
Point A is 20%. 

Additionally, the 0.09 vertical curve of GII 2 moves from GII 1 and has a 
60% chance of survival as the point of contact with SPBC 1 (Point C). In 
other words, it is the result of increasing the survival probability to 40% by 
easing the country's gender discrimination index. 

For instance, if males and females possess all rights equally, then there 
will be a decrease in gender discrimination by moving upwards from Point 
A to Point C. However, if males exclusively own all rights, then there will 
be an increase in gender discrimination by moving downwards from Point 
C to Point A. 
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In conclusion, this means gender equality can improve humanity’s chances 
of survival probability. Humanity is evolving to the point where the rights 
of males and females are equal and balanced. Therefore, we must be a 
gender-equal society with a high probability of surviving to 100 years of 
age. 

 

Fig. 2.24. SPBC associated with GII 

Fig. 2.24.1 shows GII by country. In a previous study (Kim & Kim, 2017), 
GII also affected SPBC (65–69) in the 34 European countries surveyed. In 
other words, this confirms that the SEFs of GII are essential in the survival 
of individuals to 100 years old. 

In SPBC (82 to 100) of this book, the GII (2018) of Switzerland (0.037), 
Norway (0.044), Belgium (0.045), Finland (0.050), France (0.051), Iceland 
(0.057), Rep. of Korea (0.058), Slovenia (0.069), and Italy (0.069) were 
from 0.037 to 0.069. Switzerland’s GII is the highest among the 39 
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countries. These seven countries correspond to Point A groups (SPBC 1, 
survival probability 91–153) in Fig. 2.24.1. 

 

Fig. 2.24.1 SPBC (82) associated with GII 

Additionally, the GII of Israel (0.100), Australia (0.103), and the United 
Kingdom (0.119) are from 0.100 to 0.119. Therefore, their Point B groups 
fall under the SPBC 2 (survival probability 97–108) categories. 

Lastly, the GII of Bulgaria (approximately 0.218), Russian Federation 
(0.255), Hungary (0.258), and Ukraine (0.284) are from 0.218 to 0.284. 
These countries fall under the categories of Point C groups (SPBC 3, 
survival probability 21–45). 
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Thus, we confirm that GII is critical in raising SPBC (82 to 100) from 
Point C and B to Point A countries. 

Fig. 2.25 shows the SPBC (82) associated with GII. As described earlier, 
gender discrimination is a significant global factor influencing the 
probability of survival from 82 to 100 years of age because the lower the 
gender discrimination, the higher the survival probability at 82 to 100 
years of age (Table 2.3). 

Furthermore, in this regard, if there is gender discrimination in the national 
social structure, then women may suffer from mental stress, thus affecting 
their healthy lifespan. Specifically, such stress can result in depression and 
anxiety, which can have a negative impact on the quality of life and the 
survival probability of reaching 100 years of age. However, if the social 
environment is gender-equal, then the situation is different. In this case, 
recognizing women as social leaders indicates an advanced society that 
most likely also includes a well-equipped healthcare system. Such a 
system can improve women’s health and quality of life, thus increasing 
their LE to 100 years of age. 

In addition, although economic activities have traditionally centered on 
men, if women want to participate, such activities should be based on 
gender equality. With women’s gender equality, their participation in 
economic activities can increase household income. 

As for labor participation, if a regular source of household income is 
created, then a healthy lifestyle can occur. However, if such participation 
is complex, and there is a lack of regular income, this can impair 
mental/physical health and lead to irregular lifestyles. Additionally, since 
equal participation in labor or economic activities between men and 
women is directly related to income, active encouragement is required. 

Thus, with lower GII as SEFs, the economic activity of women increases, 
which directly leads to higher household income. In the absence of gender 
discrimination, increases in women’s social advancement and the equal 
participation of men and women in labor can lead to a rise in income. 
Meanwhile, an increase in revenue would naturally lead to an interest in 
healthcare, which will increase the probability of reaching the age of 100 
through health promotion (Fig. 2.25). 
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Fig.2.25. SPBC associated with GII 

In contrast, the author’s previous study on European countries (Kim & 
Kim, 2017) along with this book of worldwide countries reveals that 
individuals who do not face gender discrimination have a greater chance 
of surviving till the age of 100 (Table 2.3). 

Table 2.3 presents an assessment of SPBC (82). GII and GNI have a 
relationship of more than 47% in the SEFs; thus, they are significant 
factors in SPBC (82). Thus, at least for humanity’s survival probability, if 
one wants to become a centenarian at 82, it is essential to curtail 
significant factors, such as gender inequality in society. Therefore, we 
must observe these two factors that have a decisive influence on 
humanity’s fundamental survival probability. 
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Table 2.7. Correlation coefficient for SPBC (82) and GII (N = 39) 

 

2.2.8 Urban population (UP) 

At this point, the following question is raised: What are the pros and cons 
of living in a large city? Based on Fig. 2.26, the next discusses them in 
detail.  

First, the most fundamental aspects include food, clothing, and housing. In 
this regard, the location and facilities of one’s residence must be 
considered. Perhaps the most significant advantage of modern city 
dwellers is the convenience of comfortable living spaces and related 
facilities.  

The second advantage is proximity to government offices, medical 
facilities, and schools.  

The third advantage is market access for groceries and daily necessities. If 
the purchase needs for these necessities are satisfied, then the next step is 
residential safety. In this regard, it would be advantageous to live in a 
large city with a pleasant residential environment free from fire risk, theft, 
and air pollution. 

If individuals live in these urban environments, then it is assumed that it 
would increase LE. However, if an emergency occurs and it takes more 
than 60 minutes to reach the general hospital, it is not necessarily 
beneficial. For example, some emergencies, such as cerebral hemorrhage, 
must be treated within 30 minutes. In this regard, the populations in large 
cities are more likely to receive regular and emergency healthcare than 
those living in rural areas. 

Conversely, living in a large city includes some disadvantages. First, since 
the population is dense and concentrated, there is a higher chance of 
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accidents, fires, theft, and environmental pollution. However, as described 
earlier, the advantages outweigh the risks, especially regarding the 
survival probability of living to 100 years of age. 

 

Fig. 2.26. Urban population (UP) pros and cons 

Fig. 2.27 shows that when the proportion of the UP in large cities 
increases from UP1 to UP2, it extends the lifespan from 82 to 92 years. At 
the same time, SPBC increases from 60% to 70%. This indicates that an 
increase in UP will prolong the lifespan of the national population and 
incrementally affect the survival probability. Examples are as follows. In 
Iceland, the proportion of 82-year-old women reaching 100 years of age in 
2018 was 123 (per 10,000 people; see Additional File 1).  

Meanwhile, Iceland’s UP was 94%, the second-highest among the 39 
countries surveyed. However, in Slovakia, the UP was the lowest at 54%, 
with the number of 82-year-old women reaching 100 years was 62. 

In this case, Iceland’s production of 100-year-olds was approximately 1.7 
times the urbanization rate of the population. This is under the assumption 
that the SEFs affecting numerous lifespans are constant. Thus, the 
country’s UP should be increased as much as possible. 
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Fig. 2.27. Increase in SPBC and UP 

Fig. 2.27.1 shows UP by country. In a previous study (Kim & Kim, 2016), 
GII also affected SPBC (65–69) in the country surveyed, that is, South 
Korea. In other words, this confirms that the SEFs of UP are essential to 
the survival of individuals to 100 years old. 

In SPBC (82 to 100) of this book, the UP (2018) of Belgium (98), Iceland 
(94), Israel (93), Japan (92), and Luxembourg (91) were from 91 to 98. 
Belgium's UP is the highest among the 39 countries. These five countries 
correspond to Point A groups (SPBC 1, survival probability 93–185) in 
Fig. 2.27.1. 

Additionally, the UP of Denmark (88), Sweden (88), Chile (88), New 
Zealand (87), Australia (86), Finland (85), United Kingdom (84), Norway 
(83), the United States (82), Canada (81), Republic of Korea (81), France 
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(81), and Spain (81) are from 81 to 88. Therefore, these countries’ Point B 
groups fall under the SPBC 2 (survival probability 87–153) categories. 

Lastly, the UP of Switzerland (74), Hungary (72), Russia (75), the Czechia 
(74), Germany (77), and Bulgaria (75) are from 72 to 77. These countries 
fall under the Point C groups (SPBC 3, survival probability 30–91) 
categories. 

Thus, we confirm that UP is critical in raising SPBC (82 to 100) from 
Point C and B to Point A countries. 

 

Fig. 2.27.1 SPBC (82) associated with UP 

In addition, this book shows the correlation coefficient for SPBC (82) and 
UP in 39 countries as of 2021 (r = 0.481). Table 2.8 presents research 
proving that SPBC (82) is associated with UP. This means that if it is an 
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increased UP, SPBC (82) also increases. Therefore, if the UP increases, 
the survival probability of centenarians will increase. 

Table 2.8. Correlation coefficient for SPBC (82) and UP (N= 39) 

 

2.2.9 Individuals using the Internet (IUI) 

In today’s society, the majority of individuals spend a significant amount 
of time on the Internet. In this regard, if such individuals are interested in 
obtaining medical information for health promotion, then it is possible that 
their health levels can increase. As a case study, it appears that the 
correlation between the IUI and the SPBC (82) in the 39 countries 
described earlier is very high (r = 0.535, p = 0.001).  

This indicates that reliable health-related information has been collected 
and utilized for health promotion. We can use such data in various ways, 
such as answering questions about disease symptoms before visiting a 
doctor and resolving fears about specific illnesses. In other words, the 
collection of such information on the Internet can help promote the health 
of individuals and communities. 

Fig. 2.28 presents a flow chart of the health practices and changes through 
IUI. The first step is determining whether there is a compelling reason or 
motivation to use the Internet. The second step is to check the medical 
information on the Internet before visiting a medical institution or doctor. 
The final step is to bring about changes in health behaviors by visiting 
doctors, thereby achieving the best health management. In this regard, if 
we prevent diseases in advance and practice effective health management, 
it is possible to achieve HLE. Moreover, IUI is SEFs that increase SPBC 
(82). 
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Fig. 2.28. Health practices and changes through IUI 

Fig. 2.29 shows that when IUI increases from IUI 1 to IUI 2, the lifespan 
extends from 82 to 92 years of age. In the case in which the SPBC 
simultaneously increases from 70% to 80%, this indicates that if the 
proportion of IUI increases, the LE of the entire national population will 
increase. Examples are as follows. In South Korea, the proportion of 82-
year-old women reaching 100 years of age in 2017 was 121 (per 10,000 
people; see Additional File 1).  

Meanwhile, the IUI in South Korea was 95%, the fifth-highest among the 
39 countries surveyed. However, Bulgaria had the third-lowest IUI, at 
63%. In addition, the country had the second-lowest number of 82-year-
old women reaching 100 years of age, with 35. 
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In this case, the production of 100-year-olds in South Korea is 
approximately 1.5 times that of the IUI population. This is based on the 
premise that all social and ecological requirements affecting human 
lifespan are constant. Hence, the country’s IUI ratio should be increased. 

In a national society lacking informatization, information, and communication 
policies that allow citizens to access necessary medical information on the 
Internet should take precedence. In addition, it is important to prepare 
policies that can regulate false health- and medical-related information on 
the Internet. Since such information is directly related to human lifespan, 
accessing reliable and high-quality medical information is the primary key. 

Furthermore, suppose that health and medical information is equally 
shared by humanity in the future and recognized as a major SEF for 
promoting human health and prolonging LE. In this case, the SPBC is very 
high. 

Fig. 2.29.1 shows IUI by country. A previous study (Kim & Kim, 2016) 
studied how IUI affected healthy LE in the 178 surveyed countries. Thus, 
confirming that the SEFs of IUI may be essential to the production of 
SPBC. 

In SPBC (82 to 100) of this book, the IUI (% of population, 2017) of 
Iceland (98), Luxembourg (97), Norway (96), Republic of Korea (95), 
Canada (93), Japan (92), and the United Kingdom (90) were from 92 to 
98. Iceland’s IUI is the highest among the 39 countries. These seven 
countries correspond to Point A groups (SPBC 1, survival probability 94–
185) in Fig. 2.29.1. 
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Fig. 2.29. Increase in SPBC and IUI 

Further, the UP of France (81), Chile (82), Spain (85), United States (87), 
Israel (82), Australia (87), and Belgium (88) are from 81 to 88. Therefore, 
their Point B groups fall under the SPBC 2 (survival probability 93–153) 
categories. 

Lastly, the IUI of Slovenia (79), Czech Republic (79), Lithuania (78), 
Hungary (77), Russian Federation (76), Poland (76), and Belarus (74) are 
from 72 to 77. These countries fall under the Point C groups (SPBC 3, 
survival probability 31–110) categories.  

Thus, we confirm that IUI is critical in raising SPBC (82 to 100) from 
Point C and B to Point A countries. 
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Fig. 2.29.1 SPBC (82) associated with IUI 

In addition, this book of 2021 shows the correlation coefficient for SPBC 
(82) and IUI in 39 countries (r = 0.535). Table 2.9 presents research 
proving that SPBC (82) is associated with IUI. This means that if it is an 
increased IUI, SPBC (82) will also increase. Therefore, we can see that if 
the number of Internet users increases, the survival probability of 
centenarians will increase. 

Table 2.9. Correlation coefficient for SPBC (82) and IUI (N = 39) 
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2.2.10 Safely managed drinking water (SMDW) 

As shown in Fig. 2.30, the water individuals drink every day should be 
free from pollution and considered high-quality drinking water. In 
addition, to maintain healthy standards and lifestyles, we should consider 
the following aspects: 

 
 Manage safe drinking water 
 Consume high-quality drinking water 
 Cope with insufficient drinking water by consuming commercially 

available, high-quality bottled water 
 The majority of the population drinks beneficial water to promote 

health. 
 Contributing to safe drinking water will improve individuals’ 

health. 
 

 
As a case study, the correlation between SMDW and SPBC (82) in the 39 
countries described earlier indicates that it is very high (r = 0.482, p = 
0.002). This suggests that drinking water for residents can be easy to 
obtain with safe drinking water management. In fact, approximately 50% 
of residents consume safe, high-quality drinking water without restrictions. 
Moreover, drinking safe drinking water can prevent water-borne diseases 
and increase individuals’ LE. 

Fig 2.30 shows the process of SMDW in impoverished countries. The first 
step is to ask governments to resolve their own polluted drinking water 
issue. Then, of course, the private sector can receive foreign aid in terms 
of humanitarian support. However, the second step is for the countries to 
openly request foreign aid to solve the water supply problem for the entire 
nation. The third step is for the governments to obtain foreign support for a 
continuous supply of drinking water. The final step is to ask the 
governments to prioritize the water supply and related facilities for the 
most urgent sectors. When these steps are complete, adequate water supply 
facilities and safe drinking water for these countries will be achieved. 

In general, if the health level improves with adequate water supply 
facilities and safe drinking water, it will bring about beneficial health 
behavior changes. Additionally, water-borne diseases will be prevented, 
thus increasing LE. In sum, SMDW will help increase SPBC (82). 
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Fig. 2.30. Process of SMDW in impoverished countries 

Fig. 2.31 shows that when the SMDW ratio increases from SMDW 1 to 
SMDW 2, the human lifespan is extended from 82 to 92 years of age, and 
the LE in the same age group increases. Meanwhile, the SPBC increases 
by 20%, from 50% to 70%. This indicates that if the proportion of safe 
drinking water users increases, the LE and survival probability will 
increase. Examples are as follows. In 2017, the proportion of 82-year-old 
women reaching 100 years of age in the United Kingdom was 120 (per 
10,000 people; see Additional File 1).  

Of the 39 countries surveyed, only 11 had an SMDW rate of 100%, one of 
which was the United Kingdom. However, Russia had the lowest SMDW 
at 76%, and the second-lowest number of 82-year-old women reaching 
100 years was 34. 

In this case, the production of 100-year-olds in the United Kingdom is 
approximately 1.3 times that of the SMDW population. This is also based 
on the premise that all social and ecological requirements affecting the 
human lifespan are constant. Thus, the SMDW should be increased. 

Finally, national governments should improve water supply facilities and 
make drinking water accessible to as many people as possible. In this 
regard, institutional devices should be put in place so that water supply 
facilities and drinking water can be provided securely and practically, 
which, in turn, can increase LE and the survival probability of reaching 
100 years of age. 
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Fig. 2.31. Increase in SPBC and SMDW 

Fig. 2.31.1 shows SMDW by country. In a previous study (Kim & Kim, 
2016), SMDW also affected SPBC (65–69) in South Korea as surveyed. In 
other words, this confirms that the SEFs of SMDW are essential in the 
production of SPBC. 

In SPBC (82 to 100) of this book, the SMDW services (% of population, 
2017) of Canada (99), Chile (99), Iceland (100), United States (99), Israel 
(99), Finland (100), Greece (100), the United Kingdom (100), and 
Luxembourg (100) were from 99 to 100. Iceland, Finland, Greece, the 
United Kingdom, and Luxembourg’s SMDW are the highest among the 39 
countries. These nine countries correspond to Point A groups (SPBC 1, 
survival probability 96–149) in Fig. 2.31.1. 
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In addition, the SMDW of Spain, Slovenia, Australia, the Republic of 
Korea, and Norway are all 98%. Therefore, these countries’ Point B 
groups fall under the SPBC 2 (survival probability 94–117) categories. 

Lastly, the SMDW of Portugal (95), Switzerland (95), Denmark (97), 
Ireland (97), and Latvia (95) are from 95 to 97. These countries fall under 
the Point C groups (survival probability SPBC 3, 62–92) categories. 

Thus, we confirm that SMDW is critical in raising SPBC (82 to 100) from 
Point C and B to Point A countries. 

 

Fig. 2.31.1 SPBC (82) associated with SMDW 

In addition, this book of 2021 shows the correlation coefficient for SPBC 
(82) and SMDW in 39 countries (r = 0.482). Table 2.10 presents research 
proving that SPBC (82) is associated with SMDW. This means that if 
SMDW increases, SPBC (82) will also increase. Therefore, if the safe 
water drinking service increases, the survival probability of centenarians 
will increase. 
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Table 2.10. Correlation coefficient for SPBC (82) and SMDW (N = 39) 

 

2.2.11 Services value-added per worker (SVPW) 

As the final SEFs, this chapter describes the SVPW, which is defined as 
the measure of labor productivity value-added per unit of input. In this 
case, value-added denotes the net output of a sector after adding all of the 
outputs and subtracting the intermediate inputs. The data is in constant 
2010 U.S. dollars (The World Bank, 2021). 

Fig. 2.32 presents the SVPW and the inputs of labor and capital. In this 
regard, capital refers to all inputs of raw materials and equipment, 
including land. When labor is input, the productivity per unit of labor 
increases. However, labor productivity cannot indefinitely increase 
productive power. This indicates that a threshold is reached at some point, 
after which it decreases. The law of diminishing marginal product is 
applied here because human labor also has a limit. 

Labor productivity is also an index indicating how many goods and 
services are produced when a certain amount of labor is input for a 
specific period. Labor productivity is calculated by dividing output by 
labor input, while the added value (excluding the capital of raw materials 
and intermediate goods) is converted into monetary value. In addition, 
labor productivity leads to an increase/decrease in productivity according 
to skill level. Specifically, if workers have the same capabilities, then 
productivity can be increased by expanding state-of-the-art production 
facilities or introducing new technologies. It can also increase the added 
value of labor productivity. Hence, labor productivity depends on the 
technical ability of the workers and the input capital of high-quality 
facilities. 

Meanwhile, the value of national labor productivity is closely related to 
economic growth and the standard of living. In this regard, as labor 
productivity increases, the GDP and standard of living increase, thereby 
improving the health and welfare of the citizens. In other words, as the 
value-added productivity per worker increases, the government’s ability to 
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pay for healthcare expenses is retained. It is also an opportunity to increase 
the LE and the probability of survival to 100 years of age. Thus, it is 
important to increase the added value of labor productivity per unit 
through, for example, the robotization of advanced production facilities 
and the informatization of state-of-the-art facilities. Ultimately, it will 
have a positive impact on human health, global welfare, and LE. 

 

Fig. 2.32. Improving LE and SVPW 
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Fig. 2.33 shows that when the monetary value increases from SVPW 1 to 
SVPW 2, SPBC increases through SVPW, while LE is extended from 82 
to 92 years of age. In addition, if the LE of the same age group increases, 
the SPBC increases by 10%, from 50% to 60%. This indicates that if labor 
productivity increases, then the entire population’s LE is extended. 
Examples are as follows. In 2017, the proportion of 82-year-old women 
reaching 100 years of age in the United States was 143 (per 10,000 people) 
(see Additional File 1).  

Meanwhile, the SVPW for the United States was $108,240, ranking it 
sixth out of the 39 countries surveyed. However, Ukraine had the lowest 
SVPW at $7,164, while the number of 82-year-old women reaching 100 
was the lowest at 23. 

In this case, the production of centenarians in the United States is 
approximately 15 times the value of SVPW. Again, the results are based 
on the premise that all SEFs affecting the human lifespan are constant. 
Thus, it is important to increase the monetary value of SVPW. For this 
purpose, the countries must develop a health and welfare policy that can 
increase labor productivity, while improving the standard of living for all 
people. 

Finally, since the added value of labor productivity is directly related to 
human lifespan, the primary key is to strengthen the health and welfare of 
the working population by increasing productivity and income as much as 
possible. Specifically, an increase in SVPW can lead to more income for 
the working population, which will ultimately improve their health and 
well-being and increase the survival probability of living to 100 years of 
age. 
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Fig. 2.33. Increase in SPBC and SVPW 

Fig. 2.33.1 shows SVPW by country. In a previous study (Kim & Kim, 
2018), SVPW also affected inequality in LE in 108 countries surveyed. In 
other words, this confirms that the SEFs of SVPW may be essential in the 
production of SPBC. 

In SPBC (82 to 100) of this book, the SVPW (constant 2010 US$), 
2018~2019 of Luxembourg (202,578), Switzerland (129,264), Norway 
(127,467), United States (108,240), France (100,572), and Australia 
(100,466) were 100,466 from to 202,578. Luxembourg’s SVPW is the 
highest among the 39 countries. These six countries correspond to Point A 
groups (SPBC 1, survival probability 91–153) in Fig. 2.33.1. 

In addition, the SVPW of Iceland (71,663), Spain (71,513), United 
Kingdom (78,629), and Germany (80,803) are from 71,513 to 80,803 
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categories. Therefore, their Point B groups fall under the SPBC 2 (survival 
probability 78–122) categories. 

Lastly, the SVPW of Portugal (49,128), Estonia (36,120), Latvia (31,825), 
Poland (36,460), Lithuania (33,329), Slovak Republic (39,628), Croatia 
(36,434), and Hungary (34,589) are from 31,825 to 49,128. These 
countries fall under the Point C groups (SPBC 3, survival probability 45–
92) categories. 

Thus, we confirm that SVPW is critical in raising SPBC (82 to 100) from 
Point C and B to Point A countries. 

 

Fig. 2.33.1 SPBC (82) associated with SVPW 

In addition, this book of 2021 shows the correlation coefficient for SPBC 
(82) and SMDW in 39 countries (r = 0.491). Table 2.12 presents research 
proving that SPBC (82) is associated with SVPW. This means that if 
SVPW increases, SPBC (82) will also increase. Therefore, if the added 
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value of labor productivity increases, the survival probability of 
centenarians will increase. 

Table 2.12. Correlation coefficient for SPBC (82) and SVPW (N = 39) 
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PART 3       

FACTORS OF LIFE EXPECTANCY (LE) 
 
 
 
Part 3 introduces the four sections of LE that influence SPBC: (1) old age 
LE (OLE), (2) remaining years of LE (RLE), (3) inequality in LE (ILE), 
and (4) healthy life expectancy (HLE). Overall, there are 14 LE related 
factors. 
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CHAPTER 3 

LIFE EXPECTANCY (LE) FACTORS  
IN BECOMING A CENTENARIAN 

 
 
 
This chapter confirms the SEFs related to LE. Within the LE group, 14 
variables, including nine indicators of SPBC, are defined as main 
variables. In addition, correlations among the 14 variables and the 
association between LE and SEFs are discussed. 

3.1 LE and SEFs 

There are SEFs to consider reaching 100 years of age, including inequality 
in LE (ILE), remaining years of LE (RLE), old age LE (OLE), and healthy 
LE (HLE). In addition, the probability of reaching the age of 100 is high 
when these factors are overcome. Thus, it is necessary to examine these 
factors and establish an effective strategy for achieving this milestone. 

First, the SEFs of LE are shown in Table 3.1. Using the World Bank and 
WHO Database, we selected 14 statistically significant variables. In 
Chapter 2, we discussed the correlations between the nine variables in the 
survival probability of reaching 82 years of age. Of course, these variables 
were included as those affecting LE. However, out of the 14 variables in 
this chapter, it also includes five variables: old age pension recipient 
(OPR), secondary education (SE), the Gini index (GI), government health 
expenditure (GHE), and depth of credit information (DCI), affect LE 
(Fig.3.1). Thus, 14 variables of SEFs affect LE, and 9 of 14 SEFs affect 
the survival probability of becoming centenarians (SPBC) (Fig. 3.1). 
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Fig.3.1. Relationship between LE and SEFs 

The main characteristics of these variables are as follows. First, GI and 
Gender Inequality Index (GII) have a negative ( ) sign regarding LE. In 
addition, GI is a reverse phenomenon for personal income, since LE 
increases when individual income disparities are relatively small. In 
addition, gender discrimination is similar. In other words, having a 
negative ( ) sign means gender equality. Thus, the two variables with a 
negative sign can positively affect PLI and CLSS in the social 
development of SEFs and increase LE. 

Among these variables, more than 80% of the correlation factors are 
SMDW, GII, BSS, and IUI. Their meanings are as follows. First, SMDW 
means that drinking water is an essential food item that anyone can easily 
access when necessary. As for GII, it correlates with more than 88% of the 
factors, meaning that gender equality has the most significant influence on 
LE. Second, high IUI has an 86% correlation. The last, the BSS is making 
a significant contribution to protecting human life (Table 3.1). As shown in 
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Table 3.1, we macroscopically examined the SEFs affecting LE. Next, let 
us examine how these verified factors affect LE includes a case study 
published by the author. 

Table 3.1. Correlations coefficient for LE and SEFs 

 

3.1.1 LE and GNI 

Fig.3.1.1 shows the GNI and LE by country. In a previous study (Kim & 
Kim, 2016, 2018), GNI also affected Older Age LE (OLE) and Healthy 
Life Expectancy (HLE) in 34 and 170 countries surveyed, respectively. In 
other words, this confirms that the SEFs of GNI are essential in the 
production of LE. 

In LE (2018) of this book, the GNI per capita, Atlas method (current US$), 
2019 of Switzerland (85,500), Iceland (72,850), Norway (82,500), 
Luxembourg (73,910), Ireland (64,000), Bermuda (117,730), Denmark 
(63,950), and Qatar (61,180) were between 61,180 and 117,730. 
Bermuda’s GNI was the highest among the 175 countries. These countries 
correspond to Point A (LE 1, from age 80 to 84) in Fig. 3.1.1. 

Additionally, the GNI of Maldives (9,680), Turkey (9,690), Montenegro 
(9,060), Brazil (9,130), Mexico (9,480), Bulgaria (9,570), and Grenada 
(9,840) are between 9,130 and 9,840 categories. Therefore, these countries’ 
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Point B groups fall under the LE 2 (from age 72 to 79) classes. 

Lastly, Madagascar (520), Sudan (590), Liberia (580), Congo, Dem. Rep. 
(530), Mozambique (490), Sierra Leone (540), Afghanistan (530), the 
Central African Republic (520), Malawi (380), and Burundi (280) 
accounted for less than 600. Burundi had the lowest GNI. These countries’ 
Point C groups fall under the LE 3 (from age 53 to 67) classes. 

Thus, we confirm that GNI is critical in raising LE (2018) from LE 2 
(Point B) and LE 3 (Point C) to LE 1 (Point A) countries. 

The difference in GNI for Switzerland (85,500) and Burundi (280) was 
305 fold, while the LE difference between Switzerland (84) and Burundi 
(61) was 23 years. Therefore, the LE gap between these countries is 
judged to be mainly due to GNI. The remaining 13 variables are also 
related to economic factors. Drinking water supply, telephone, basic 
sanitation, Internet use, urbanization, national health expenditure as a 
percentage of GDP, education level, wealth gap, gender discrimination, 
national credit index, and labor productivity index are all related. 
Therefore, if we want to promote LE to Point B from Point A, we must 
first determine the priorities for each factor in SEFs. Advanced countries 
need to provide medical support to humanity and aid underdeveloped 
countries, such as essential drinking water and sanitation facilities. 
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Fig. 3.1.1 LE associated with GNI 

In addition, this 2021 book shows the correlation coefficient for LE (2018) 
and GNI in 175 countries (r = 0.647). Table 3.1.1 illustrates that LE is 
associated with GNI. This means that if GNI increases, LE will also rise. 
Therefore, if the national income level increases, LE and the survival 
probability will increase. 

 

 EBSCOhost - printed on 2/14/2023 2:44 AM via . All use subject to https://www.ebsco.com/terms-of-use



Life expectancy (LE) factors in becoming a centenarian 
 

99 

 

3.1.2 LE and SMDW 

Fig. 3.1.2 shows the SMDW and LE by country. In a previous study (Kim 
& Kim, 2015, 2016), SMDW also affected Remaining Years of Healthy 
Life Expectancy (RHLE) in older age in 148 countries and SPBC (65–69) 
in some countries surveyed. In other words, this confirms that the SEFs of 
SMDW are essential in the production of LE. 

In LE (2018) of this book, the safely managed drinking water (SMDW) 
2017 for Singapore, Iceland, Sweden, Malta, New Zealand, Netherlands, 
Greece, Finland, Belgium, United Kingdom, Cyprus, and Germany were 
100%, placing their SMDW as being the highest among the 88 countries. 
They correspond to Point A (LE 1, from age 81 to 83) in Fig. 3.1.2. 

Additionally, the SMDW of Bosnia and Herzegovina (89), Romania (82), 
Oman (90), Croatia (90), Hungary (90), Kazakhstan (90), Armenia (86), 
Georgia (80), and Grenada (87) are from 80 to 90 categories, indicating 
that their Point B groups fall under the LE 2 (from age 72 to 78) classes. 

Lastly, the Congo Republic (45), Nepal (27), Mongolia (24), Cambodia 
(26), Pakistan (35), Ethiopia (11), Ghana (36), Uganda (7), Nigeria (20), 
Côte d’Ivoire (37), and Sierra Leone (10) were less than 38%. Sierra 
Leone had the lowest SMDW. Therefore, these countries' Point C groups 
fall under the LE 3 (from age 54 to 67) categories. 

Thus, we confirm that SMDW is critical in raising LE (2018) from LE 3 
(Point C) and LE 2 (Point B) to LE 1 (Point A) countries. 

The difference in SMDW for Singapore (100) and Uganda (7) was 14 
times, and the LE difference for Singapore (83) and Uganda (63) was 20 
years. The LE gap between these countries is judged to be mainly caused 
by SMDW and GNI. These variables are related to economic factors. 
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The higher national income countries also have a higher safe drinking 
water supply rate because when a country's income is high, people are 
more interested in health-related drinking water issues, and the priority is 
to increase the safe water supply rate. If it is difficult for a low-income 
country to supply water due to its self-strength, it should quickly be given 
help from advanced countries. We aim for humanity's coexistence. The 
earth should be without water shortages because we should become a 
society where all humans can live longer than the current average LE. 

 

Fig. 3.1.2 LE associated with SMDW 
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In addition, this 2021 book shows the correlation coefficient for LE (2018) 
and SMDW in 148 countries (r = 0.821). Table 3.1.2 presents results 
research proving that LE is associated with SMDW. This means that if 
SMDW increases, LE will also increase. Therefore, if the national SMDW 
level increases, LE and the survival probability will increase. 

 

3.1.3 LE and BSS 

Fig. 3.1.3 shows BSS and LE by country. In a previous study (Kim & 
Kim, 2014), BSS also affected SPBC (70) in 32 countries surveyed. In 
other words, this confirms that the SEFs of BSS are essential in the 
production of LE. 

In LE (2018) of this book, the people using at least basic sanitation 
services (BSS) (% of the population) 2017 of Japan, Switzerland, Spain, 
Singapore, Israel, Australia, Republic of Korea, Malta, New Zealand, 
Austria, Bermuda, Portugal, Denmark, Qatar, and Chile were 100%, 
making their BSS the highest among the 166 countries. This country 
corresponds to Point A, LE 1 (from age 80 to 84) in Fig. 3.1.3. 

Additionally, the BSS of Colombia (89), Antigua and Barbuda (88), 
Ecuador (87), Algeria (88), Morocco (88), Guyana (86), Bulgaria (86), 
Belize (88), Jamaica (87), Paraguay (89), El Salvador (87), and Brazil (87) 
are from 86 to 89 categories. Therefore, these countries’ Point B groups 
fall under the LE 2 (from age 70 to 77) classes. 

Conversely, the BSS of Nepal (59), Mongolia (58), Cambodia (57), India 
(57), Timor-Leste (52), Rwanda (65), Senegal (51), Pakistan (58), 
Myanmar (65), and Djibouti (62) were from 51 to 65 categories. These 
countries fall under the LE 3 (from age 67 to 70) groups. 
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Lastly, the countries that are lagging in BSS are as follows. Guinea (22), 
Congo Democratic Republic (20), Guinea-Bissau (20), the Congo 
Republic (20), Burkina Faso (19), Uganda (18), Ghana (18), Liberia (17), 
Benin (16), Togo (16), Sierra Leone (15), Papua New Guinea (14), Niger 
(13), and Chad (9) were less than 20%. Chad had the lowest BSS. These 
countries fall under the LE 4 (from age 54 to 64) categories. 

Thus, we confirm that BSS is critical in raising LE (2018) from LE 4 
(Point D) and LE 3 (Point C) and LE 2 (Point B) to LE 1 (Point A) 
countries. 

The difference in BSS for Japan (100) and Chad (9) was about 11 times, 
and the difference in LE for Japan (84) and Chad (54) was 30 years. The 
LE gap between these countries is mainly due to BSS, SMDW, and GNI. 
These variables are related to economic and lifestyle factors. 

Although the national income level is low, sanitation is a problem that we 
can solve if people's will to live and public health are carefully considered. 
Therefore, if we first think about what we can do for public health and 
sanitation in each country, we will solve the sanitation problem of that 
country. Water and wastewater treatment is the most fundamental problem 
in public health. Only by solving this can the LE of underdeveloped 
countries be raised. 
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Fig. 3.1.3 LE associated with BSS 

In addition, this 2021 book shows the correlation coefficient for LE (2018) 
and BSS in 166 countries (r = 0.853). Table 3.1.3 illustrates that LE is 
associated with BSS. This means that if BSS increases, LE will also rise; 
therefore, if the people using at least BSS level increases, LE and the 
survival probability will increase. 
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3.1.4 LE and GII 

Fig. 3.1.4 shows GII and LE by country. In a previous study (Kim & Kim, 
2017a, 2017b), BSS also affected SPBC (65-69) and LE at age 60 years in 
34 countries surveyed. In other words, this confirms that the SEFs of GII 
are essential in the production of LE. 

In LE (2018) of this book, the Gender Inequality Index (GII, 2018) of 
Switzerland (0.037), Denmark (0.040), Sweden (0.040), Netherlands 
(0.041), Norway (0.044), Belgium (0.045), Finland (0.050), France 
(0.051), Iceland (0.057), Republic of Korea (0.058), Singapore (0.065), 
Slovenia (0.069), Italy (0.069), Austria (0.073), Spain (0.074), and 
Luxembourg (0.078) were from 0.078 to 0.037 categories. These 
countries’ GII is high groups, and Switzerland is the highest among the 
154 countries. These countries correspond to Point A, LE 1 (from age 81 
to 84) in Fig. 3.1.4. 

In addition, the GII of Bulgaria (0.218), Saudi Arabia (0.224), Republic of 
Moldova (0.228), Brunei Darussalam (0.234), Albania (0.234), Russian 
Federation (0.255), Barbados (0.256), Hungary (0.258), and Armenia 
(0.259) are from 0.218 to 0.259 categories. Therefore, their Point B groups 
fall under the LE 2 (from age 72 to 79) classes. 

Conversely, the GII of India (0.501), Ethiopia (0.508), Burundi (0.520), 
Senegal (0.523), Zimbabwe (0.525), Uganda (0.531), Gabon (0.534), and 
Tanzania (0.539) are from 0.501 to 0.539 categories. Therefore, these 
countries’ Point C groups fall under the LE 3 (from age 65 to 69) classes. 

Lastly, Haiti (0.620), Mauritania (0.620), Gambia (0.620), Sierra Leone 
(0.644), Niger (0.647), Liberia (0.651), Democratic Republic the of Congo 
(0.655), Côte d'Ivoire (0.657), Mali (0.676), Central African Republic 
(0.682), Chad (0.701), and Papua New Guinea (0.740) had a GII of more 
than 0.62. Papua New Guinea had the highest GII. These countries fall 
under the LE 4 (from age 54 to 65) categories. 

Thus, we confirm that BSS is critical in raising LE (2018) from LE 4 
(Point D) and LE 3 (Point C) and LE 2 (Point B) to LE 1 (Point A) 
countries. 

The difference in GII for Switzerland (0.037) and Papua New Guinea 
(0.740) was about 20 times, and the difference in LE for Switzerland (84) 
and Chad (64) was 20 years. The LE gap between these countries is 
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mainly due to GII, BSS, SMDW, and GNI. These variables are related to 
economic, lifestyle, and socio-cultural factors. 

Despite low national income levels in a country, gender discrimination is a 
problem we can solve if we carefully consider gender equality and 
coexistence. Therefore, if we first think about what we can do for public 
lifestyle and gender equality in each country, we can solve the gender 
inequality problem of that country. Gender equality and socio-cultural 
lifestyle is the most fundamental problem in life health. The LE of 
underdeveloped countries can be raised only by solving this. 
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Fig. 3.1.4 LE associated with GII 
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In addition, this 2021 book shows the correlation coefficient for LE (2018) 
and GII in 154 countries (r = 0.861). Table 3.1.4 proves that LE is 
associated with GII. This means that if GII decreases, LE will rise as well. 
Therefore, if the GII decreases, LE and the survival probability will 
increase. 

 

3.1.5 LE and IUI 

Fig. 3.1.5 shows IUI and LE by country. In a previous study (Kim & Kim, 
2016), IUI also affected Healthy Life Expectancy (HLE) in 178 countries 
surveyed. In other words, this confirms that the SEFs of IUI are essential 
in the production of LE. 

In LE (2018) of this book, the Individuals using the Internet (% of the 
population) 2017 of Iceland (98), Norway (96), Republic of Korea (95), 
Luxembourg (97), Bermuda (98), Denmark (97), Qatar (97), Netherlands 
(93), Sweden (93), Canada (93), Japan (92), New Zealand (91), United 
Kingdom (90), and Switzerland (90) are from 90 to 98 categories. 
Iceland's IUI was the highest among the 160 countries. This corresponds 
to Point A, LE 1 (from age 80 to 84) in Fig. 3.1.5. 

In addition, the IUI of Oman (80), Malaysia (80), Latvia (80), Azerbaijan 
(79), Czech Republic (79), Lebanon (78), Lithuania (78), Trinidad and 
Tobago (77), Hungary (77), Kazakhstan (76), Moldova (76), Russian 
Federation (76), Poland (76), and North Macedonia (75) are from 76 to 80 
categories. Therefore, these countries’ Point B groups fall under the LE 2 
(from age 72 to 79) classes. 

Conversely, the IUI of South Africa (56), Djibouti (56), Gabon (50), Fiji 
(50), Botswana (41), Ghana (38), Namibia (37), India (32), and Sudan (31) 
are from 31 to 56 categories. Therefore, these countries’ Point C groups 
fall under the LE 3 (from age 63 to 69) groups. 
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Lastly, Cameroon (23), Lesotho (30), Mali (13), Equatorial Guinea (26), 
Nigeria (7), Sierra Leone (13), Guinea-Bissau (4), Nigeria (7), and Chad 
(6) were less than 30%. Burundi had the lowest IUI. These countries fall 
under the LE 4 (from age 54 to 59) categories. 

Thus, we confirm that IUI is critical in raising LE (2018) from LE 4 (Point 
D) and LE 3 (Point C) and LE 2 (Point B) to LE 1 (Point A) countries. 

The difference in IUI for Iceland (98) and Guinea-Bissau (4) was about 25 
times, and the difference in LE for Iceland (83) and Guinea-Bissau (58) 
was 25 years. The LE gap between these countries is mainly due to IUI, 
GII, BSS, SMDW, and GNI. These variables affect LE related to 
economic level, lifestyle, information and communication development, 
and socio-cultural factors. 

Activating the Internet and infrastructure for information and communication 
in the national industry is essential. In countries with insufficient 
information and communication infrastructure, people’s Internet use is 
inevitably low. Therefore, it is necessary to prepare alternatives to 
revitalize information and communication technologies in underdeveloped 
countries such that they can spread faster than economic development. We 
must devise measures to extend the information and communication 
capabilities of developed countries to the most underdeveloped countries. 

Thus, all humanity will be able to share information at high speed, and the 
world can become one. We hope that even in underdeveloped countries, 
information that can increase LE will be quickly disseminated so that users 
can familiarize themselves with and practice the internalization of helpful 
health information, thereby laying the foundation for a healthy life. 
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Fig. 3.1.5 LE associated with IUI 

In addition, this 2021 book shows the correlation coefficient for LE (2018) 
and IUI in 160 countries (r = 0.859). Table 3.1.5 displays that LE is 
associated with IUI. This means that if IUI increases, LE will also 
increase. Therefore, if the IUI level increases, LE and the survival 
probability will increase. 
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3.1.6 LE and FTMPS 

Fig. 3.1.6 shows FTPS and LE by country. In a previous study (Kim, 
2013; Kim & Kim, 2014), FTMTS affected the centenarian rate (50–54) in 
the 32 OECD countries and involved SPBC (70) in 32 countries surveyed. 
In other words, this confirms that the SEFs of FTMPS are essential in the 
production of LE. 

In LE (2018) of this book, for example of fixed telephone subscriptions 
(per 100 people, 2017) of France (60), Japan (50), Switzerland (42), Spain 
(42), Iceland (44), Republic of Korea (53), Malta (55), Luxembourg (47), 
Greece (49), Austria (42), Portugal (47), United Kingdom (48), Germany 
(54) are FTMPS categories from 54 to 60. These countries' FTPS was high 
groups among the 160 countries. These countries correspond to Point A, 
LE 1 (from age 81 to 84) in Fig. 3.1.6. 

In addition, the FTMPS of Croatia (34), Uruguay (33), Serbia (30), 
Mauritius (33), Hungary (32), Antigua and Barbuda (25), Grenada (29), 
Moldova (28), Estonia (27), Antigua and Barbuda (25), and the Bahamas 
(30) are from 25 to 34 categories. Therefore, their Point B groups fall 
under the LE 2 (from age 72 to 78) classes. 

Lastly, the FTMPS of Fiji (9), South Africa (8), Namibia (8), Djibouti (4), 
Botswana (6), Comoros (2), Senegal (2), Papua New Guinea (2), 
Zimbabwe (2), and India (2) were less than 10. These countries fall under 
the LE 3 (from age 61 to 69) categories. 

Thus, we confirm that FTMPS is critical in raising LE (2018) from LE 3 
(Point C) and LE 2 (Point B) to LE 1 (Point A) countries. 

The difference in FTMPS for France (60) and Comoros (2) was about 30 
times, and the difference in LE for France (83) and Comoros (64) and 
Zimbabwe (61) was each 19 and 22 years. Results study so far in this 
book, the LE gap between these countries is mainly due to FTMPS, IUI, 
GII, BSS, SMDW, and GNI. These variables affect LE related to 
economic level, lifestyle, information and communication development, 
and socio-cultural factors. 

Telephones are essential in human life. Now, the phone has evolved into a 
mobile phone that is easy to carry. Telephone communication is primary. 
It is a medium of communication with family, relatives, and friends. It has 
become a valuable means of communication to speak and listen to news 
through contact with people and convey opinions. Communication over 
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the phone can help smooth human relationships and relieve mental stress, 
helping mental health. 

However, telephone penetration rate may still be low depending on the 
country's economic level. Since the telephone is an essential means of 
communication for humans, the telephone penetration rate should be 
increased in the same way as each country's Internet business. It is a 
crucial factor in achieving the average human LE in underdeveloped 
countries. 

Therefore, developed countries can extend the basic lifespan of humanity 
by helping less developed countries expand their information and 
communication business. 

 

Fig. 3.1.6 LE associated with FTMPS 
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In addition, this 2021 book shows the correlation coefficient for LE (2018) 
and FTMPS in 160 countries (r = 0.727). Table 3.1.6 proves that LE is 
associated with FTMPS. This means that if it is an increased FTMPS, LE 
will also increase. Therefore, if the national fixed telephone subscriptions 
level increases, LE and the survival probability will increase. 

 

3.1.7 LE and GHE 

Fig. 3.1.7 shows GHE and LE by country. In a previous study (Kim, 2013; 
Kim & Kim, 2014), GHE affected the centenarian rate (50–54) in the 32 
OECD countries and also involved SPBC (70) in 32 countries surveyed. In 
other words, this confirms that the SEFs of GHE are essential in LE 
production. 

In LE (2018) of this book, domestic general GHE (% of current health 
expenditure) of Norway (85), Sweden (85), Luxembourg (85), Japan (84), 
Denmark (84), and Iceland (82) are from 82 to 85 categories. These 
countries’ GHE is a high class in the 167 countries. These countries 
correspond to Point A, LE 1 (from age 81 to 84) in Fig. 3.1.7. 

In addition, the GHE of Estonia (74), Uruguay (73), Poland (71), Poland 
(71), Turkey (77), Colombia (72), Thailand (76), Belarus (70), Samoa 
(72), and Bolivia (71) are from 70 to 77 categories. Therefore, their Point 
B groups fall under the LE 2 (from age 71 to 78) classes.  

Conversely, the GHE of Djibouti (50), Kenya (42), Gabon (59), Tanzania 
(43), South Africa (54), Namibia (46), Angola (42) are from 42 to 59 
categories. Therefore, these countries’ Point C groups fall under the LE 3 
(from 61 to 67) categories. 

Lastly, the GHE of Cameroon (6), Equatorial Guinea (20), Guinea-Bissau 
(9), Nigeria (15), Sierra Leone (10), Chad (17), and Central African 
Republic (6) were less than 20. Cameroon and the Central African 
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Republic had the lowest GHE. These countries fall under the LE 4 (from 
age 53 to 59) categories. 

Thus, we confirm that GHE is critical in raising LE (2018) from LE 4 
(Point D) and LE 3 (Point C) and LE 2 (Point B) to LE1 (Point A) 
countries. 

The difference in GHE for Norway (85) and Cameroon (6) was about 14 
times, and the difference in LE for Norway (83) and Cameroon (59) was 
24 years. Results study so far in this book, the LE gap between these 
countries is mainly due to GHE, FTMPS, IUI, GII, BSS, SMDW, and 
GNI. These variables affected LE by indicators related to economic level, 
lifestyle, information and communication development, GHE, and socio-
cultural factors. 

The proportion of government healthcare expenditure is determined by the 
economic situation of the country and the health level of the people. 
However, even if the economy is a high-level one, the proportion of health 
and medical expenses is not always high. It is determined by the degree of 
interest in the health of the people of that country and the will of the 
political leaders for the health of the people. Therefore, the government's 
expenditure on health care depends on whether the country's economic 
reality has the financial capacity to spend on public health. However, it is 
possible to determine the people's health level based on its priority in 
national affairs. Let us suppose the state is managed by making the health 
level of the country its top priority. In that case, the national LE of the 
country will exceed the average LE of the people of the world. 
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Fig. 3.1.7 LE associated with GHE 

Additionally, this 2021 book shows the correlation coefficient for LE 
(2018) and GHE in 167 countries (r = 0.708). Table 3.1.7 presents results 
research proving that LE is associated with GHE. This means that if GHE 
increases, LE will also rise; therefore, if the domestic general government 
of health expenditure level increases, LE and the survival probability will 
increase. 
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3.1.8 LE and UP 

Fig. 3.1.8 shows UP and LE by country. In a previous study (Kim & Kim, 
2016), UP affected the Healthy Life Expectancy (HLE) in the 178 
countries surveyed. In other words, this confirms that the SEFs of UP are 
essential for LE production. 

In LE (2018) of this book, the urban population (% of the total population) 
of Bermuda (100), Singapore (100), Qatar (99), Belgium (98), Malta (95), 
Iceland (94), Puerto Rico (94), Israel (93), Netherlands (92), Japan (92), 
and Luxembourg (91) are from 91 to 100 categories. These countries' UP 
is a high class in the 162 countries. These countries correspond to Point A, 
LE 1 (from age 80 to 84) in Fig. 3.1.8. 

Additionally, the UP of Bahrain (89), Curacao (89), Brazil (87), United 
Arab Emirates (87), Oman (85), Saudi Arabia (84), United States (82), 
Dominican Republic (82), Mexico (80), and Libya (80) are from 80 to 89 
categories. Therefore, these countries’ Point B groups fall under the LE 2 
(from age 73 to 79) classes. 

Conversely, the UP of Gambia (62), Djibouti (78), Botswana (70), Congo, 
Rep. (67), South Africa (67), and Angola (66) are from 62 to 78 
categories. These countries fall under the LE 3 (from age 61 to 69) 
categories. 

Thus, we confirm that UP is critical in raising LE (2018) from LE 3 (Point 
C) and LE 2 (Point B) to LE 1 (Point A) countries. 

The difference in UP for Singapore (100) and Gambia (62) was about 1.6 
times, and the difference in LE for Singapore (83) and Gambia (62) was 
21 years. Results study so far in this book, the LE gap between these 
countries is mainly due to UP, GHE, FTMPS, IUI, GII, BSS, SMDW, and 
GNI. These variables affected LE by indicators related to economic level, 
lifestyle, information and communication development, GHE, urban 
population, and socio-cultural factors. 

The proportion of urban population can be determined by the country's 
economy, geographical conditions, and lifestyle. Urbanization of countries 
with geographical conditions can increase national economic benefits by 
forming tourist cities and attracting international audiences. In other 
words, if we can improve the national income level through international 
tourism, we can raise the national economy urbanization. Thus, national 
tourism leads to an increase in income. In addition, it can be used to invest 
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in health care through urbanization. This can improve the health of the 
state’s citizens by its investing in medical facilities and health projects to 
promote the health of the people. 

In addition, we live in cities rather than in rural areas because of the 
convenience of life and the high accessibility of medical institutions. 
Proximity to the market and management of water and sewage facilities 
can improve the city's standard of living and maintain quality of life. 
Finally, the most crucial thing in city life is excellent medical facilities in 
close proximity to the residence. In the case of the elderly, this is an 
incredible advantage to prolonging a healthy lifespan. 

 

Fig. 3.1.8 LE associated with UP 

In addition, this 2021 book shows the correlation coefficient for LE (2018) 
and UP in 162 countries (r = 0.636). Table 3.1.8 illustrates that LE is 
associated with UP. This means that if UP increases, LE will also increase. 
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Therefore, if the national urban population increases, LE and the survival 
probability will increase. 

 

3.1.9 LE and SE 

Fig. 3.1.9 shows SE and LE by country. In a previous study (Kim & Kim, 
2014, 2016, 2018), SE affected the Healthy Life Expectancy (HLE), 
Inequality in Life Expectancy (ILE), and Remaining Years of Healthy Life 
Expectancy (RHLE) in all countries surveyed. In other words, this 
confirms that the SEFs of SE are essential in LE production. 

In LE (2018) of this book, the population with at least SE (% ages 25 and 
older) of Austria, Canada, Finland, Iceland, and Luxembourg are 100% 
categories. These countries' SE was the highest in the 157 countries. These 
countries correspond to Point A, LE 1 (from age 82 to 83) in Fig. 3.1.9. 

In addition, the SE of United States (96), Croatia (95.7), Lithuania (95.6), 
Bulgaria (95.4), Azerbaijan (95.6), and Russian Federation (95.9) are 
about 96 categories. Therefore, their Point B groups fall under the LE 2 
(from age 73 to 79) classes. 

Conversely, the SE of India (39.2), Pakistan (37.2), Kenya (35.2), Lao 
People's Democratic Republic (40.4), Congo, Democratic Republic (50.7), 
Uganda (32.1), Gambia (36.8), Angola (30.2), and Haiti (33.2) were less 
than about 51. These countries fall under the LE 3 (from age 60 to 69) 
categories. 

Thus, we confirm that SE is critical in raising LE (2018) from LE 3 (Point 
C) and LE 2 (Point B) to LE 1 (Point A) countries. 

The difference in SE for Canada (100) and Angola (30.2) was about 3.3 
times, and the difference in LE for Canada (82) and Angola (61) Iceland 
(83) was 21 years. Results study so far in this book, the LE gap between 
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these countries is mainly due to SE, UP, GHE, FTMPS, IUI, GII, BSS, 
SMDW, and GNI. These variables affected LE by indicators related to 
economic level, lifestyle, information and communication development, 
GHE, urban population, SE, and socio-cultural factors. 

Health education can raise the level of national health through health 
management. Disease prevention education leads to compliance with 
health rules through preemptive health education. It can increase the 
effectiveness of prevention education by suppressing the incidence of 
disease if health rules are well observed. For chronic diseases, it is 
necessary to maintain a healthy body through health management 
education in advance. In particular, primary health education on infectious 
diseases can maximize the response to infectious diseases by blocking the 
ripple effect of widespread contagious diseases. By blocking external 
impact on infections in advance, it is possible to protect the public from 
infectious diseases. 

In addition, education is a psychological factor that affects health, and the 
higher the level of education the higher the interest in health care. The 
higher the level of education the stronger the brain activity. Brain 
activation through education can help to prevent brain-related diseases. 
We can achieve an HLE by reducing the incidence of cardiovascular 
diseases, such as cerebral infarction and stroke. Therefore, through 
education, the brain can speed up head rotation and strengthen the brain’s 
activity to lower the probability of dementia in old age. 
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Fig. 3.1.9 LE associated with SE 

In addition, this 2021 book shows the correlation coefficient for LE (2018) 
and SE in 157 countries (r = 0.706). Table 3.1.9 proves that LE is 
associated with SE. This means that if it is an increased SE, LE will also 
increase. Therefore, if at least the SE level increases, LE and the survival 
probability will increase. 
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3.1.10 LE and SVPW 

Fig. 3.1.10 shows SVPW and LE by country. In a previous study (Kim & 
Kim, 2018), SVPW affected the Inequality in Life Expectancy (ILE) in 
108 countries surveyed. In other words, this confirms that the SEFs of 
SVPW are essential in LE production. 

In LE (2018) of this book, the value of the services added per worker, 
2018 (constant 2015 US$) of Luxembourg (207,763), Switzerland 
(130,515), Norway (126,211), Ireland (116,824), Denmark (107,699), 
Belgium (99,475), France (98,922), Australia (97,322), Sweden (95,086), 
and Netherlands (90,346) are from 90,346 to 207,763 categories. 
Luxembourg’s SVPW was the highest in the 151 countries. These 
countries correspond to Point A, LE 1 (from age 81 to 84) in Fig. 3.1.10. 

In addition, the SVPW of Slovak Republic (38,823), Croatia (35,952), 
Poland (34,623), Estonia (34,396), Hungary (33,487), Bahrain (33,465), 
Romania (32,981), Lithuania (32,344), Brunei Darussalam (32,230), and 
Latvia (30,817) are from 30,817 to 38,823 categories. Therefore, these 
countries' Point B groups fall under the LE 2 (from age 75 to 78) classes. 

Conversely, the SVPW of Timor-Leste (3,843), Malawi (3,709), Kenya 
(3,537), Guinea (3,404), Afghanistan (3,261), Mozambique (3,252), Benin 
(3,245), Rwanda (3,224), and Togo (3,048) were from 3,048 to 3,843. 
They fall under the LE 3 (from age 60 to 69) categories. 

Thus, we confirm that SVPW is critical in raising LE (2018) from LE 3 
(Point C) and LE 2 (Point B) to LE 1 (Point A) countries. 

The difference in SVPW for Luxembourg (207,763) and Togo (3,048) was 
about 68 times, and the difference in LE for Luxembourg (82) and Togo 
(61) was 21 years. Results study so far in this book, the LE gap between 
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these countries is mainly due to SVPW, UP, SE, GHE, FTMPS, IUI, GII, 
BSS, SMDW, and GNI. These variables affect LE by indicators related to 
economic level, lifestyle, information and communication development, 
GHE, urban population, SE, the value-added per worker, and socio-
cultural factors. 

The value of the services added per worker is the result of increasing 
productivity per worker. A high value-added per worker means that 
countries can improve workers' income. From a holistic point of view, an 
increase in SVPW leads to an increase in national productivity, which in 
turn leads to an increase in workers' income. The increase in the state's 
productivity per worker is work on the premise that the state or capitalists 
return it to the workers. Even though the added value of workers has 
increased, if countries cannot pass on a particular part to the workers, it 
can lead to a decrease in worker morale and subsequent productivity. 
Therefore, welfare policies that return the added value generated by 
increasing productivity per worker are necessary. 

In addition, the added value that increases worker productivity should be 
spent on the labor force and provide for workers’ income increase. 
Therefore, it creates an economic margin for workers to spend on welfare 
and health care. Through this, workers can improve health management 
and relieve stress caused by work. Ultimately, reinvestment in workers' 
health and welfare can increase labor productivity by promoting health 
management. Therefore, we should remember that the improvement of 
workers' health is directly related to labor productivity. This way, the 
health management of workers can increase the probability of longevity 
beyond HLE. 
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Fig. 3.1.9 LE associated with SVPW 

In addition, this 2021 book shows the correlation coefficient for LE (2018) 
and SVPW in 151 countries (r = 0.668). Table 3.1.10 illustrates that LE is 
associated with SVPW. This means that if SVPW increases, LE will also 
increase. Therefore, LE and the survival probability will increase if the 
value of the services added per worker increases. 
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3.1.11 LE and OPR 

Fig. 3.1.11 shows the OPR and LE by country. In a previous study (Kim & 
Kim, 2018), OPR affected the Inequality in life expectancy (ILE) in the 
108 countries that were surveyed, i.e., it confirms that the OPR of SEFs is 
essential in the production of LE. 

In LE (2018) of this book, the old age pension recipients (OPR, % of 
statutory pension age population) of Japan, Spain, Italy, Israel, France, 
Republic of Korea, Sweden, Malta, Luxembourg, Ireland, Canada, New 
Zealand, Finland, Austria, Belgium, Slovenia, Portugal, United Kingdom, 
Germany, and Chile, had OPR categories as 100%. Their OPR was the 
highest in the 129 countries. These countries correspond to Point A, LE 1 
(from age 80 to 84) in Fig. 3.1.11. 

In addition, the SVPW of the Republic of Moldova (75.2), Tonga (73.3), 
North Macedonia (71.4), Colombia (71.1), Nepal (66.1), Philippines (64), 
Croatia (57.6), Honduras (56.9), Tunisia (54), Montenegro (52.3), and 
Ecuador (52) are from 52 to 75 categories. Therefore, their Point B groups 
fall under the LE 2 (from age 70 to 78) classes. 

Conversely, the OPR of India (25.2), Senegal (29.9), Zimbabwe (20.8), 
Ghana (19), Myanmar (19.3), Ethiopia (15.3), Uganda (24.1), Gambia (17), 
Togo (19), and Mozambique (17.3) are from about 15 to 30 categories. 
These countries fall under the LE 3 (from age 60 to 69) classes. 

Thus, we confirm that OPR is critical in raising LE (2018) from LE 3 
(Point C) and LE 2 (Point B) to LE 1 (Point A) countries. 

The difference in OPR for Japan (100) and Ethiopia (15.3) was about 6.5 
times, and the difference in LE for Japan (84) and Ethiopia (66) was 18 
years. From the results collated in this book, the LE gap between these 
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countries is mainly due to OPR, SVPW, UP, SE, GHE, FTMPS, IUI, GII, 
BSS, SMDW, and GNI. These variables affect LE by indicators related to 
economic level, lifestyle, information and communication development, 
government health expenditure, urban population, education, the value of 
added per worker, national pension, and socio-cultural factors. 

OPRs constitute a significant source of livelihood security and health care. 
Therefore, the state should implement a pension insurance system. Older 
people who have a particular job throughout their lives receive monetary 
compensation, i.e., pension, even after retirement. Seniors receiving 
pensions will not have much difficulty using hospital clinics. If there is no 
national pension system for the elderly, there will be difficulties securing 
old age living expenses and health management. Suppose that we cannot 
implement a national old age pension system, then the government should 
implement one. Even basic livelihood security to protect the lives and 
health of the elderly at a minimum would help the cause greatly. 

Additionally, given countries that provide health care, the insured can 
receive quality health care at a reasonable price. The problem is for people 
who have lived as day laborers without a job. If the state can build a stable 
social security system, it will be the country’s local social support, which 
helps maintain a basic life with the National Pension or Living Support. 
But what needs to be done when a disease occurs in a member of the low-
income class? If they fall ill, the state should classify them as healthcare 
recipients and provide accessible health care. Therefore, institutional 
arrangements are needed so that all of humanity can enjoy an average 
lifespan of 74 years or more. 
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Fig. 3.1.11 LE associated with OPR 

In addition, this 2021 book shows the correlation coefficient for LE (2018) 
and OPR in 129 countries (r = 0.621). Table 3.1.11 proves that LE is 
associated with OPR. This means that if OPR increases, LE will also rise. 
Therefore, if the national OPRs increase, LE and the survival probability 
will increase. 
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3.1.12 LE and GI 

Fig. 3.1.12 shows the GI and LE by country. In a previous study (Kim & 
Kim, 2018), GI affected the Inequality in life expectancy (ILE) in the 108 
countries that were surveyed, confirming that the SEFs of GI are essential 
in LE production. 

In LE (2018) of this book, the GI (2005–2013) of Slovenia (24.9), Sweden 
(26.1), Iceland (26.3), Norway (26.8), Denmark (26.9), Netherlands (28.9), 
and Finland (27.8) were from 24.9 to 28.9 categories. Slovenia’s GI was 
the lowest in the 105 countries. These countries correspond to Point A, LE 
1 (from age 81 to 83) in Fig. 3.1.12. 

Additionally, the GI of Estonia (32.7), Poland (32.8), Bosnia and 
Herzegovina (33.0), Lithuania (32.6), Azerbaijan (33.0), Bangladesh 
(32.1), Kyrgyzstan (33.4), Nepal (32.8), and Cambodia (31.8) are from 
31.8 to 33.4 categories. Therefore, their Point B groups fall under the LE 2 
(from age 70 to 78) classes. 

Conversely, the GI of Senegal (40.3), Fiji (42.8), Gabon (42.2), Mauritania 
(40.5), Malawi (46.2), Ghana (42.8), Uganda (44.6), and Benin (43.5) are 
from 40.3 to 46.2. These countries fall under the LE 3 (from age 61 to 68) 
groups. 

Thus, we confirm that GI is critical in raising LE (2018) from LE 3 (Point 
C) and LE 2 (Point B) to LE 1 (Point A) countries. 

The difference in GI for Slovenia (24.9) and Malawi (46.2) was about 1.9 
times, and the gap in LE for Slovenia (81) and Malawi (64) was 17 years. 
Results show that the LE gap between these countries is mainly due to GI, 
OPR, SVPW, UP, SE, GHE, FTMPS, IUI, GII, BSS, SMDW, and GNI. 
These variables affect LE by indicators related to economic level, lifestyle, 
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information and communication development, public health expenditure, 
urban population, education, old-age pension, Gini Index, and socio-
cultural factors. 

GI is an income inequality phenomenon, i.e., a GI of 0 indicates perfect 
equality, whereas 100 indicate complete inequality. The result is that the 
GI gap affects LE as well as the inequality in it (Kim & Kim, 2018). 
Prosperous people do not have to worry about medical bills, only the poor 
do. As a result, the rich can pursue advanced medical care. Because health 
care deals with life, the wealthy are willing to pay for health care when it 
seems pertinent but the poor are less likely to be able to afford it. In this 
reality, we can see a gap in human LE due to the income gap. Therefore, it 
is the role of national policymakers to narrow the income gap. Just as there 
is no difference in human lifespan due to income disparity in medical care, 
regardless of race, all human beings should receive equal medical aid 
regardless of income. 
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Fig. 3.1.12 LE associated with GI 

In addition, this 2021 book shows the correlation coefficient for LE (2018) 
and GI in 105 countries (r = 0.352). Table 3.1.12 illustrates that LE is 
associated with GI. This means that if GI decreases, LE will also increase. 
Therefore, if the national GI level decreases, LE and the survival 
probability will increase. 
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3.1.13 LE and DCI 

Fig. 3.1.13 shows the DCI and LE by country. In a previous study (Kim & 
Kim, 2017), DCI affected Older Age Life expectancy (OLE) in the 34 
European countries that were surveyed, confirming that the SEFs of DCI 
are essential in the production of LE. 

In LE (2018) of this book, the country-level depth of credit index (0 = low 
to 8 = high) of the Republic of Korea, Canada, New Zealand, United 
Kingdom, Germany, and the United States is computed at 8. These 
countries’ DCI was the highest among the 128 countries. These countries 
correspond to Point A, LE 1 (from age 79 to 83) in Fig. 3.1.13. 

In addition, the DCI of the Czech Republic, Estonia, Slovak Republic, 
Colombia, Thailand, Tunisia, Morocco, Serbia, Romania, and Vietnam 
rank at 7. Therefore, their Point B groups fall under the LE 2 (from age 75 
to 79) classes. 

Conversely, the DCI of Lao PDR, Madagascar, Ghana, and Zimbabwe 
were found to be 6. These countries fall under the LE 3 (from age 61 to 68) 
categories. 

Thus, we confirm that DCI is critical in raising LE (2018) from LE 3 
(Point C) and LE 2 (Point B) to LE 1 (Point A) countries. 

The difference in DCI for the Republic of Korea (8) and Zimbabwe (6) 
was about 1.3 times, and that in LE for the Republic of Korea (83) and 
Zimbabwe (61) was 22 years. Results indicate that the LE gap between 
these countries is mainly due to DCI, GI, OPR, SVPW, UP, SE, GHE, 
FTMPS, IUI, GII, BSS, SMDW, and GNI. These variables affect LE by 
indicators related to economic level, lifestyle, information and 
communication development, public health expenditure, urban population, 
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education, old-age pension, Gini Index, credit index, the value of added 
per worker, and socio-cultural factors. 

The DCI index is economic creditworthiness. It can be based on the 
country’s reliability in paying the money. The index ranges from 0 to 8, 
with higher values indicating the availability of more credit information 
(WB, 2021). 

Therefore, the creditworthiness of a country is directly related to the 
economic level of that country as it reflects how well the state is capable 
of resolving its international debts. Therefore, an excellent national credit 
rating corresponds to a superior economic level. If the economic level is 
perfect, the federal financial power is strong and has the financial ability to 
invest in the public health and welfare sector. Therefore, if national 
policymakers prioritize their policies, they should prioritize places where 
they can invest for the welfare and health of their citizens. 
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Fig. 3.1.13 LE associated with DCI 

In addition, this 2021 book shows the correlation coefficient for LE (2018) 
and DCI in 128 countries (r = 0.279). Table 3.1.13 proves that LE is 
associated with DCI. This means that if DCI increases, LE will also rise; 
therefore, if the country-level depth of credit index increases, LE and the 
survival probability will increase. 
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3.1.14 LE and HEPGDP 

Fig. 3.1.14 shows the HEPGDP and LE by country. In a previous study 
(Kim & Kim, 2014), DCI affected the survival probability of becoming a 
centenarian (SPBC) in the 32 surveyed countries. In other words, this 
confirms that the SEFs of HEPGDP are essential in the production of LE. 

In LE (2018) of this book, the current health expenditure (% of GDP) of 
United States (16.89), Switzerland (11.88), Germany (11.43), France 
(11.26), Japan (10.95), Sweden (10.90), Canada (10.79), Austria (10.33), 
Belgium (10.32), Denmark (10.07), Norway (10.05), and the United 
Kingdom (10.00), indicate that those HEPGDP categories are from 10 to 
17. Thus, United States’ HEPGDP was the highest in the 165 countries. 
These countries correspond to Point A, LE 1 (from age 79 to 84) in Fig. 
3.1.14. 

Additionally, the HEPGDP of Bosnia and Herzegovina (8.90), Nicaragua 
(8.56), Serbia (8.54), Montenegro (8.42), Lebanon (8.35), Ecuador (8.14), 
Suriname (7.97), Jordan (7.79), Ukraine (7.72), the Czech Republic (7.65), 
and Colombia (7.64) are from 7.64 to 8.90 categories. Therefore, their 
Point B groups fall under the LE 2 (from age 72 to 79) classes. 

Conversely, the HEPGDP of Liberia (6.74), Uganda (6.53), Togo (6.17), 
Botswana (5.85), and Burkina Faso (5.63) are from 5.36 to 6.74 categories. 
These countries fall under the LE 3 (from age 61 to 68) classes. 

Lastly, Côte d'Ivoire (4.19), Chad (4.10), Nigeria (3.89), Mali (3.88), 
Cameroon (3.53), and Equatorial Guinea (3.00) correspond to categories 
between 3.00 and 4.19. These countries fall under the LE 4 (from age 54 
to 59) groups. 

Thus, we confirm that HEPGDP is critical in raising LE (2018) from LE 3 
(Point C) and LE 4 (Point D) and LE 2 (Point B) to LE 1 (Point A) 
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countries. 

The difference in HEPGDP for the United States (16.89) and Mali (3.88) 
was about 4.3 times, and the difference in LE for the United States (79) 
and Mali (59) was 20 years. Results spotlight that the LE gap between 
these countries is mainly due to HEPGDP, DCI, GI, OPR, SVPW, UP, SE, 
GHE, FTMPS, IUI, GII, BSS, SMDW, and GNI. These variables affect 
LE by indicators related to economic level, lifestyle, information and 
communication development, public health expenditure, urban population, 
education, old-age pension, health expenditure of GDP, Gini Index, depth 
of credit index, and socio-cultural factors. 

The level of current health expenditure can be expressed as a percentage of 
GDP. No matter how high a country’s GDP is, if the country’s healthcare 
spending is negligible, the government cannot guarantee the national 
health level. In other words, HEPGDP can ensure the national health level 
only when the level of federal current medical expenses can be 
continuously increased from the current level. National health and medical 
expenses cannot improve the national health level in a short period by 
making a significant and timely investment because we can only achieve 
the level of country health through continuous investment in the mid to 
long term. If the fitness level deteriorates due to a natural disaster, it is 
necessary to take immediate action to protect people’s lives. However, LE, 
an indicator of the national health level, is not a short term indicator. 
Therefore, if the country intends to increase the LE of its citizens, the 
government is required to set an incremental, mid to long term LE goal, 
starting now, and expand this index. We are convinced that a country that 
strengthens the health promotion of its people by establishing a long and 
short term national health LE will surely achieve be one that exceeds the 
global average LE. 
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Fig. 3.1.14 LE associated with HEPGDP 

In addition, this 2021 book shows the correlation coefficient for LE (2018) 
and HEPGDP in 165 countries (r = 0.317). Table 3.1.12 proves that LE is 
associated with HEPGDP. This means that if HEPGDP increased, LE will 
also rise. Therefore, if the national current health expenditure (% of GDP) 
level increases, LE and the survival probability will increase. 
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3.2 LE at age 60 

3.2.1 Impact on old age LE (OLE) of SEFs 

OLE refers to the LE of individuals from the age of 60. Excluding genetic 
factors, it differs due to acquired influences. However, if we live in the 
same area and have similar eating habits and lifestyles, OLE is not 
expected to enter the discussion. OLE can also arise from the differences 
in the poor national social environment caused by the per capita income 
gap. 

In addition, gender equality in developed countries can influence OLE. In 
a national society where there is no gender discrimination, women can 
expect a stress-free life due to gender equality in all fields such as politics, 
economy, community, and culture. 

Fig. 3.2 confirms this fact. If national income, gender equality, and 
economic national credibility increase from 20% to 40% in the OLE 2 
curve, OLE increases from 60 to 75 years (Point A). However, if these 
factors increase from 40% to 60% (Point B), the OLE should increase to 
90 years. Instead, it decreases to 60 years—the cause found in the SEFs. 
Specifically, the difference between Points A and C is the result of the GII. 
For example, in the OLI 1 curve, Point A of the GII is 40%, where Point C 
is 60%. Hence, since the GII increases by 20%, the OLE decreases to 60 
years. The problem is that if the GII is low, then the OLE will increase. 
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Fig. 3.2. Relationship between OLE and SEFs 

(a) GNI 

Fig. 3.2.1 shows that an increase in national income increases OLE. For 
example, if the national income increases from $1,500 to $3,000, OLE will 
increase from 60 to 85 years (Point B). Hence, income level is also a 
necessary condition for OLE. In particular, national income is the most 
critical indicator of individuals' and societies' economic and living 
standards; when the national income is high, economic activity and the 
health levels of the elderly increase because income is a means of 
maintaining health and improving the quality of life. Therefore, it is 
crucial to raise the income level of the elderly by, for example, creating 
jobs that can provide such economic support. 
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Fig. 3.2.1. Relationship between OLE and the GNI 

(b) GII 

Fig. 3.2.2 shows that as the GII increases, OLE decreases. For example, if 
the GII increases from 0.5 to 0.7, OLE decreases to 75 years (Point B), 
despite a LE of 85 years. Hence, if the GII has an essential meaning in 
OLE, then future society must focus on the issue of gender equality. 

In this regard, LE over the age of 60 is higher for women than for men. 
Although women have a longer lifespan than men, several factors can 
affect their health, such as stress due to gender discrimination. In fact, in 
developed countries without gender discrimination, women’s lifespans are 
increased. But in underdeveloped countries, such discrimination can 
shorten their lifespans due to the poor social environment and living 
standards. 
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Fig. 3.2.2. Relationship between OLE and the GII 

(c) BSS and SMDW 

Fig. 3.2.3 shows that as the BSS and SMDW increase, OLE also increases. 
For example, if the BSS and SMDW increase from 70% to 100%, OLE 
increases from 60 to 80 years (Point B). Hence, BSS and SMDW are 
significant variables in OLE. In addition, sanitation services—and safely 
managed drinking water—are essential factors for increasing OLE. If there 
are no sanitation services and no SMDW in a village, it cannot protect the 
inhabitants from infectious diseases. Therefore, sanitation services and 
SMDW can help save precious lives from contracting contagious diseases. 
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Fig. 3.2.3. Relationship between OLE and the BSS & SMDW 

(d) IUI and FTMPS 

Fig. 3.2.4 shows that as IUI and FTMPS increase, OLE also increases. For 
example, if the number of internets and phone users increases from 75% to 
90%, the OLE increases from 60 to 80 years (Point B). Thus, IUI and 
FTMPS are also significant variables in OLE. However, OLE cannot be 
guaranteed if IUI and FTMPS are ineffective. Therefore, to protect the 
communication of its citizens and ensure OLE, countries should invest in 
fundamental communication sectors. 
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Fig. 3.2.4. Relationship between OLE and the IUI & FTMPS 

(e) UP, SVPW and HEPGDP in CLSS 

Fig. 3.2.5 indicates that OLE increases as UP, SVPW, and HEPGDP 
increase. For example, if UP, SVPW, and HEPGDP increase from 75% to 
90%, OLE would increase from 60 to 80 years (Point B). Higher SVPW 
and HEPGDP can pay for medical expenses in case of disease, owing to 
increased income, and strengthen national health policy. Moreover, UP has 
the advantage of getting to a general hospital quickly Because of the 
development of transportation facilities and ambulance facilities in public 
hospitals in the vicinity. However, OLE cannot be guaranteed if UP, 
SVPW, and HEPGDP are insufficient in a country’s system because of 
underdeveloped local residence and government medical financial support 
reduction. Therefore, to protect the health of its citizens and ensure OLE, 
countries must increase UP, SVPW, and HEPGDP through their economic 
support. 
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Fig. 3.2.5. Relationship between OLE and the UP & SVPW & HEPGDP 

3.2.2 A case study of OLE 

Over the past decade, the population in the world has been aging rapidly. 
The proportion of people aged 65 years and older predict an increase from 
14% in 2010 to 25% in 2050 (WHO, 2017). However, although people 
live longer, the chances of enjoying good health in their old age vary 
across countries (WHO, 2017). Although previous studies have 
determined country-level HLE, health expenditure, and income, country-
level OLE—associated with the GNI, GII, SVPW, UP, BSS, SMDW, IUI, 
HEPGDP, and FTMPS—has been overlooked (Mathers et al., 2015; Kim 
& Kim, 2014a, 2017). Furthermore, from a socio-ecological perspective, 
no studies have examined OLE according to the GNI, GII, SVPW, UP, 
BSS, SMDW, IUI, HEPGDP, and FTMPS. These perspectives of OLE 
require exploration to contribute to research and public policies on the 
elderly. 
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The financial crisis in Europe has posed significant threats to health and 
related systems (Karanikolos et al., 2013). For instance, even though 
Greece, Spain, and Portugal have adopted strict fiscal austerity, their 
economies have continued to recede, placing considerable strain on their 
healthcare systems. Meanwhile, outbreaks of infectious diseases are 
increasingly common in these countries. Therefore, before making 
significant cuts in public spending measures, it is essential to compare the 
lack of evidence for short term fixes that can potentially and adversely 
affect the health and welfare of the population as a whole (Stuckler et al., 
2010; Kim & Kim, 2017b). 

Nine SEFs are assumed to be associated with OLE. In addition, to better 
understand the influence of OLE as an indicator of old age health disparity 
in 39 countries, it is crucial to determine its contribution to these SEFs. 

Moreover, the claim that country-level socio-ecological inequality factors 
can influence OLE remains untested using national indicators globally 
(Kim & Kim, 2017b). Therefore, this chapter focuses on the associations 
between country-level OLE and socio-ecological inequalities such as GNI, 
GII, SVPW, UP, BSS, SMDW, IUI, HEPGDP, and FTMPS. 

While the GNI, GII, SVPW, UP, BSS, SMDW, IUI, HEPGDP, and 
FTMPS are critical indicators of SEFs, a retrospective analysis of health 
level factors contributing to GNI, GII, SVPW, UP, BSS, SMDW, IUI, 
HEPGDP, and FTMPS can identify the critical determinants of OLE 
within a country. It can also inform policy decisions regarding OLE and 
SEFs. In this book, 39 countries around the world were investigated. 

A conceptual framework for OLE and SEFs 

The proposed conceptual framework depicts the SEFs effect on OLE 
(Fig.3.2.6). In this case, SEFs and hereditary factors may affect or control 
OLE, although the latter is excluded in this research (Kim & Kim, 2017b). 
Consequently, SEFs are analyzed in this chapter. 

From SEFs perspective, health promotion is determined by multiple 
influences, including personal, community, and public policy factors 
(McLeroy et al., 1988; Kim & Kim, 2017b). These factors might be 
characteristics of the people, the surrounding communities, or the country 
(NASPA, 2017; Kim & Kim, 2017b). Therefore, this chapter proposes the 
SEFs model for OLE focusing on the following: (1) GNI, GII, BSS, 
SMDW, IUI, and FTMPS, from a PLI perspective and (2) UP, SVPW, and 
HEPGDP, from a CLSS perspective (see Fig.3.2.6). 
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The PLI level includes GNI because it has the most significant impact on 
the medical expenditures of the elderly. Since GII includes such 
inequalities as gender discrimination, it can increase stress levels in the 
elderly (Kim & Kim, 2017b). Finally, the CLSS has UP and HEPGDP 
because they can affect the health and welfare of the elderly. Consequently, 
strategies that promote health policies and improve OLE can be created 
(see Fig. 3.2.6). 

Fig. 3.2.6 shows that in a society without GII, men and women participate 
equally in the economy, thus improving household income levels (GNI). It 
also affects SVPW by contributing to the national society’s economic 
development. Therefore, these nine SEFs ultimately positively affect OLE, 
thereby increasing it. 

 

Fig.3.2.6. Relationship between OLE and SEFs 
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OLE prediction variables 

The results of the OLE in the 39 countries surveyed are shown in Table 
3.4. Although OLE has positive correlations with GNI (r = 0.667, p = 
0.001), SMDW (r = 0.484, p = 0.002), BSS (r = 0.567, p = 0.001), IUI (r = 
0.585, p = 0.001), FTMPS (r = 0.519, p = 0.001), UP (r = 0.488, p = 
0.002), SVPW (r = 0.484, p = 0.002), and HEPGDP (r = 0.533, p = 0.001), 
it has a negative correlation with the GII (r = 0.608, p = 0.001). 

Meanwhile, the results of the OLE, GII, and DCI in the 34 European 
countries surveyed are shown in the regression analysis. In this regard, 
higher GNI and DCI but lower GII were the predictors of OLE (R2 = 0.804, 
p < 0.001) (Kim & Kim, 2017b). 

Table 3.4. Correlations coefficient for the OLE (N = 39) 

 

OLE: LE at age 60 years (Old age LE: OLE) 

Suggestions for OLE 

This chapter investigated whether international differences in OLE were 
associated with SEFs. According to the findings, countries with high OLE 
levels had higher GNI, BSS, SMDW, IUI, FTMPS, UP, SVPW, HEPGDP, 
and a lower GII. 

In addition, increases in OLE levels can lead to increases in GNI, BSS, 
SMDW, IUI, FTMPS, UP, SVPW, and HEPGDP, but a decrease in GII 
values. Thus, we suggest that SEFs have a significant influence on OLE. 

The OLE of Japan, South Korea, Australia, Switzerland, Spain, France, 
Canada, and Italy were more than the mean of 25 years. However, Russian 
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Federation, Bulgaria, Belarus, Ukraine, and Pakistan were less than 20 
years. 

Among the countries surveyed, OLE values were the lowest in countries 
with low GNI, BSS, SMDW, IUI, FTMPS, UP, SVPW, and HEPGDP. In 
contrast, OLE values were the highest in countries with high SEFs. 
Conversely, the GII values were the highest in countries with low national 
income, while they were the weakest in those with high GNI. Thus, it 
indicates a country's high SEFs inequality indicators (i.e., GNI, BSS, 
SMDW, the GII, IUI, FTMPS, UP, SVPW, and HEPGDP) can result in 
low OLE levels. 

The influence of these SEFs on OLE can vary by country. For example, as 
country-level GNI improves, OLE also increases, due to the association 
between country-level GII, UP, SVPW, and HEPGDP and health levels. In 
addition, in countries with a low GNI level, an economic crisis can 
disproportionately affect vulnerable populations. 

Meanwhile, the elderly may be unable to support a healthy lifestyle based 
on their income. It has decisive implications for health, residential, and 
social services (O'Sullivan & Ashton et al., 2012; Kim & Kim, 2017b). 
These aspects increase healthcare requirements and demand for public 
services, and they can also escalate into health and social crises if 
unaddressed (Karanikolos et al., 2013; Kim & Kim, 2017b). 

The high correlation between OLE and these SEFs becomes instrumental 
for effective health policies as these variables reflect the government's 
investment in health infrastructure. Consequently, high OLE levels are 
likely to contribute to high SEFs but low GII. They also indirectly reflect a 
country's gender equality because women can become more vulnerable to 
stress-related illnesses (Kim & Kim, 2017b). In addition, economic change 
and employment can mitigate the harmful health effects of economic 
downturns (Kim & Kim, 2017b) because economic indicators reflect 
healthy living. Thus, the OLE level appears to have a crucial and latent 
effect on these SEFs. In addition, the nine proposed correlation 
coefficients for the OLE models indicated that if countries increase their 
SEFs values, they can obtain increased OLE—but decrease GII. Therefore, 
successful aging strategies should be developed by considering the 
influence of these SEFs indicators. 
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3.3 Remaining years of LE (RLE) 

3.3.1 Impact on RLE of SEFs 

Assuming that people reach the age of 65 in good health, how much LE 
remains, and what factors affect this aspect? How do we calculate the RLE 
of an individual who reaches the age of 65 in good health? It can calculate 
by subtracting the age of 65 from the LE. In other words, if the national 
LE is 75 years of age, then we can live another 10 years (on average). 
However, what SEFs affect an individual’s LE in this period? 

For instance, Fig. 3.3 shows that if the RLE at age 65 is 10 years, it 
extends to age 75. In other words, it hypothesizes that the higher the GNI 
and BSS, the greater the use of SMDW, and the greater the RLE. Thus, as 
the SEFs increase to 70% (Point A), a lifespan can be achieved up to age 
65. In addition, if the SEFs grow to 90% (Point B), a lifespan can be 
achieved up to age 75. Conversely, if specific SEFs, such as GNI, BSS, 
and SMDW, continue to decrease, they may stagnate at Point B and 
eventually reach Point C as RLE drops. 

 

Fig. 3.3. Relationship between RLE and SEFs 
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(a) Gross national income (GNI) 

Fig. 3.3.1 shows that as the GNI increases, RLE also increases. For 
example, as the national income index increases from $1,500 to $2,500 
(Point B), the RLE increases from 65 to 75 years (Point C). Thus, income 
level is an essential requirement for RLE. 

In addition, the RLE at age 65 is affected by income level. In this regard, 
most people retire at the age of 65, after which their health can 
significantly deteriorate due to sudden changes in their lifestyles. Hence, 
after age 65, it is crucial to have extra income to pay for certain expenses 
such as regular physical examinations, hobbies, exercise activities, and 
travel. In other words, if an individual’s income level is high, they can 
afford to participate in social activities and contribute to their health 
promotion during old age. 

 

Fig. 3.3.1. Relationship between RLE and GNI 
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(b) Basic sanitation services (BSS) 

Fig. 3.3.2 shows that RLE increases as the number of users of BSS or 
higher increases. For example, if the BSS rises from 80 to 100% (Point B), 
the RLE increases from 65 to 75 years (Point C). Thus, the higher the BSS 
level, the higher the RLE. 

In addition, the higher the income, the higher the sanitation services level 
because many opportunities abound to receive sanitation services when 
financial support is available. However, not everyone with a high-income 
status has a high level of sanitation because the motivation to be healthy is 
a prerequisite. Therefore, since sanitation services keep the clean active, it 
is possible to prevent the onset of epidemics, thus supporting health 
promotion. 

 

Fig.3.3.2. Relationship between RLE and the BSS 
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(c) Safely managed drinking water (SMDW) 

Fig. 3.3.3 indicates that the higher the level of safe drinking water 
management, the higher the RLE. For example, when secure drinking 
water management increases from 80% to 100% (Point B), the RLE 
increases from 75 to 85 years (Point C). 

In addition, SMDW is essential for human life. If drinking water is 
contaminated, then it can cause illnesses and other waterborne infections. 
In some underdeveloped countries, such as those in Africa, international 
support is necessary because drinking water is scarce, and there are no 
economic means to develop underground water. Therefore, we hope that 
developed countries will notice such issues and provide financial support 
for groundwater development. 

 

Fig.3.3.3. Relationship between RLE and SMDW 
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(b) Gender inequality index (GII) 

Fig. 3.3.4 shows that RLE increases as the number of those with GII or 
lower increases. For example, if GII decreases from 0.8 to 0.6 (Point B), 
the RLE increases from 75 to 85 years (Point C). Thus, the lower the GII 
level, the higher the RLE. 

In addition, the higher the gender equality, the higher women's education, 
and economic level. Because when gender equality support is available, 
opportunities abound for women to receive education and be economically 
active. However, not every woman with a high education level has a high 
level of gender equality because the motivation for gender equality is a 
prerequisite. Therefore, because gender equality maintains women's 
increased education and economic activities by improving income levels, 
it can prevent mental stress and promote health. 

 

Fig.3.3.4. Relationship between RLE and the GII 
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3.3.2 An assessment of RLE (65) 

RLE (65) refers to the number of remaining LE years for individuals 65 
years and older (CDC, 2013). It can calculate with the following formula: 
RLE (65) = LE (–) aged 65 years (Kim & Kim, 2016b). 

We need to focus on RLE (65) and its effects on SEFs as factors 
contributing to RLE (65). It might help distinguish them from PLI and 
CLSS. In addition, RLE (65) could use to compare health levels between 
countries. 

Table 3.3 presents an assessment of RLE (65). The RLE (65) has a 
relationship of more than 50% in SEFs. It confirms that GNI, SMDW, 
BSS, and GII are significant factors in SEFs. Thus, at least for human 
survival, if one wants to achieve the remaining LE, major factors must 
increase, such as income level, safe drinking water, sanitation level, and 
gender equality in society. 

Table 3.3. Correlations coefficient for the RLE (N = 39)  

 

Fig. 3.3.5 presents the analysis methods of GNI, SMDW, BSS, and GII 
related to RLE (65). Significant relations between RLE (65) and SEFs can 
show by GNI, SMDW, BSS, and GII. 

In addition, Fig. 3.2.5 presents direct relationships between RLE (65) and 
GNI, SMDW, BSS, and GII. These can be predictors because high GNI, 
SMDW, BSS, and GII affect RLE (65). Finally, predictors of high RLE 
(65) can be used to build a model of higher GNI, SMDW, BSS, and GII—
all as SEFs. 

The comprehensive assessment of RLE (65) shows that healthy aging 
increases with increased SEFs in a majority of the countries. The SEFs 
indicate that GNI, SMDW, BSS, and GII contribute to RLE (65). This 
increase in GNI, SMDW, BSS, and GII also increases RLE (65), 

 EBSCOhost - printed on 2/14/2023 2:44 AM via . All use subject to https://www.ebsco.com/terms-of-use



Chapter 3 
 

152 

suggesting that these indicators make essential contributions to RLE (65) 
(Fig. 3.3.5). 

 

Fig.3.3.5. Relationship between RLE (65) and SEFs 

3.4 Inequality in LE (ILE) 

3.4.1 Impact on ILE of SEFs 

ILE refers to the disparity of LE in the population. A gap in LE occurs if 
there is a significant difference in the influencing factors in LE, except for 
genetic factors. However, if genetic factors are constant and individuals 
living in the same area have similar lifestyles, there is no difference in LE. 
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ILE can arise from the differences in housing and social environment due 
to the income gap between individuals. In addition, the difference in 
higher education, which can improve the quality of life and OPR as an 
institutional device for national and social livelihood security, may cause 
ILE. 

Fig.3.4 confirms the following. If labor productivity, educational attainment 
above SE, and the number of pensioners increases, then ILE 2 decreases 
from 8 to 2 points. However, if the GI increases, ILE 1 increases from 2 to 
8 points. For example, at Point A for ILE, the proportion of GI for income 
inequality is 8 points. However, if the GI increases from 20% to 60% on 
the ILE 1 curve, the ILE1 increases to 14 points. In other words, if income 
inequality continues to increase, then ILE 1 will continue to increase. 
However, on the ILE 2 curve, if value-added per worker, the level of 
education, and the number of pensioners continue to increase from 40% to 
60%, ILE 2 decreases, closing the gap to 2 points. Each of these variables 
is described as follows. 

 EBSCOhost - printed on 2/14/2023 2:44 AM via . All use subject to https://www.ebsco.com/terms-of-use



Chapter 3 
 

154 

 

Fig. 3.4. Relationship between ILE and SEFs 

(a) The Gini index (GI) 

The GI ranges from 0 to 1 that the increases income inequality. If the GI 
increases, the ILE rises, showing an upward curve to the right. Since the 
GI is an income inequality curve, it moves in the same direction as the ILE 
(ILE 1 and ILE 2). For example, in the ILE 1 curve, if the GI is 0.3, then 
the ILE is 5 points. However, in the ILE 2 curve, when the GI is 0.6, the 
ILE increases to 8 points (Fig 3.4.1). As such, an increase in the GI means 
an increase in ILE. In other words, the higher the GI, the greater the 
disparity in income and the ILE. Thus, to improve ILE, economic support 
policies for the low-income class and short- and long term income 
conservation strategies must be implemented at the national and social 
levels. 

 EBSCOhost - printed on 2/14/2023 2:44 AM via . All use subject to https://www.ebsco.com/terms-of-use



Life expectancy (LE) factors in becoming a centenarian 
 

155 

 

Fig. 3.4.1. Relationship between ILE and the GI 

(b) Old age pension recipient (OPR) 

Fig. 3.4.2 shows the association between OPR and ILE. For example, once 
the pension increases from 50% to 60%, the ILE decreases from 8 to 6 
points. In other words, pension entitlement affects ILE. In addition, it 
indicates that economic income has a significant impact on the ILE. 

As another factor of economic income, OPR significantly impacts the old 
population. In particular, it becomes a significant source for maintaining 
economic activity and health. Receiving a pension can result in a high 
level of economic satisfaction because it is an economic resource that 
improves health in old age. Therefore, pensions can be regarded as SEFs 
that positively affect the health of the elderly, especially if they do not 
receive financial support from their offspring. 
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In addition, from a long term perspective, if the countries can increase LE 
by implementing pensions and related policies, it can be an opportunity to 
increase 100 years of age population. 

 

Fig. 3.4.2. Relationship between ILE and OPR 

(c) Secondary education (SE) 

Fig. 3.4.3 shows that an increase in the number of people receiving SE can 
reduce ILE. If the SE period lengthens from 14 to 16 years, the ILE 
decreases from 5 to 2 points. Therefore, if many people complete SE at the 
national level, then ILE will also reduce. 

The proportion of the total population with SE can use to measure a 
country’s healthy living standards. In other words, countries with lower SE 
levels generally have lower income levels. In addition, individuals with 
lower education and income levels tend to have poor eating and lifestyle 
habits. 
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Thus, policies that can increase a country’s level of income/education and 
improve healthy living standards should devise. In this case, education 
programs, income businesses, and healthy living are all SEFs. Of course, 
promoting simultaneous cost-effective national projects is possible, but 
education should be a national priority. 

 

Fig. 3.4.3. Relationship between ILE and SE 

(d) Services value-added per worker (SVPW) 

Fig. 3.4.4 shows that an increase in SVPW can reduce ILE. For example, 
as the SVPW increases from $1,500 to $2,000, the ILE decreases from 8 to 
6 points. In other words, when the value of labor productivity increases, 
the individual income of workers increases, while the ILE decreases. 

The SVPW is a measure of labor productivity in which “value-added” 
refers to the net output of a sector after totaling all of the outputs and 
subtracting the intermediate inputs. Meanwhile, labor productivity can 
only increase when workers' mental and physical health is maintained, for 
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example, through appropriate working hours. In this regard, employers 
should increase productivity and health by observing the appropriate 
number of working hours. Therefore, a national health management policy 
should devise to maintain the quality of health for workers. 

Conversely, if we comprehensively analyze SEFs in a broader sense, then 
the higher the labor productivity of workers, the more they receive pension 
benefits. In addition, the more that individual obtains SVPW, the more that 
ILE can resolve. Finally, the national government's interest and various 
strategies, such as job creation expansion, must be prioritized to improve 
labor productivity. 

 

Fig. 3.4.4. Relationship between ILE and SVPW 

3.4.2 A case study of ILE  

This section identifies the country-level SEFs that affect ILE, based on the 
estimates from the Atkinson inequality index (Atkinson, 1970; UN, 2015). 
These estimates also rely on the data in the life table (UN, 2016b). The 
ILE can also influence country-level SEFs, including the Gini coefficient, 
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SE, output per worker, and OPR. Thus, ILE is an indicator that can help 
reduce health inequalities (Kim & Kim, 2016a). 

Meanwhile, previous studies of various countries (2001–2012) (Hosseinpoor 
et al., 2012; Kim & Kim, 2016b) examined the relationship between black 
and white populations, social class, indigenous and non-indigenous people, 
and women and men in terms of ILE. In addition, the relationship between 
income disparity and LE was reported (Regidor et al., 2013; Rasella et al., 
2013) and that between educational inequalities and LE (Van, 2012; Kim 
& Kim, 2014a). However, to date, the areas that have received less focus 
include the relationship between ILE and income inequality, education, 
labor productivity, and the number of OPR (Kim & Kim, 2018). 

Thus, this chapter examines the associations between ILE and socio-
ecological inequality by using the following indicators: (1) National 
income inequality on an individual level (Rasella et al., 2013; Kim & Kim, 
2016a b, 2017b), (2) Education, at least SE (Kim & Kim, 2014a), (3) 
Labor productivity (Cervellati & Sunde, 2005), and (4) The number of 
OPR (Kim & Kim, 2018). 

Framework from a socio-ecological perspective 

The framework proposed in this chapter depicts the SEFs and ILE. This 
book examined the relationships between ILE and GI, SE, SVPW, and 
OPR in SEFs (Fig. 3.4.5). 

This chapter proposes a socio-ecological framework for ILE on 
interpersonal economic factors, social environment, and public policies as 
targets for LE (Kim & Kim, 2018). 

In addition, it assumes that appropriate changes in country-level SEFs will 
produce changes ILE. That is factors that; (1) the GI (a measure of 
economic deprivation from PLI perspective) and (2) SE attainment (a 
measure of the education of the female people from PLI perspective), (3) 
SVPW (a measure of labor productivity from CLSS perspective), and (4) 
the number of OPR (a measure of the welfare of the older population from 
CLSS perspective). 

Moreover, based on standard statistical methods, we hypothesize that the 
association between output (ILE, including differences in ILE between 
countries) and progress (country-level GI, SE, SVPW, and OPR) predict 
the differences in ILE (Fig. 3.4.5). 
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Fig. 3.4.5. Relationship between ILE and SEFs 

Evaluating ILE 

ILE has been defined as the inequality in the expected lifespan based on 
the life tables in the Atkinson inequality index (Atkinson, 1970; UN, 2015) 
and those in the 2010–2015 life tables from the United Nations Department 
of Economic and Social Affairs (UNDESA, 2015). Specifically, this 
distribution is presented in age intervals (0–1, 1–5, … , 85+ years), with 
the mortality rates and average estimated age at death specified for each 
interval. Meanwhile, ILE is estimated from the abridged life tables (5-year 
age cohorts) that reflect the current inequality in mortality patterns (UN, 
2016b; Kim & Kim, 2018). 

Predictive variables for the ILE 

The data from the analysis of the SEFs for the 108 countries surveyed are 
presented in Tables 3.4. In this regard, the ILE was correlated with GI, SE, 
SE, SVPW, and OPR, while significant positive correlations were found 
between ILE and GI (r = 0.335, p = 0.001), SE (r = 0.757, p = 0.001), 
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SVPW (r = 0.631, p = 0.001), and OPR (r = 0.614, p = 0.001), (Kim & 
Kim, 2018). 

Table 3.4. Correlation coefficients for the inequality in LE (ILE) (N = 
108) 

 

Kim, J.I., Kim, G. Effects on inequality in life expectancy from a social ecology 
perspective. BMC Public Health 18, 243. 2018. 

Suggestions for ILE 

Shortcomings from a SEFs perspective are the primary sources of 
inequality. In this regard, inequalities in national income, education, labor 
productivity, and social security negatively impact health promotion 
development (Kim & Kim, 2014a, 2016a, 2017a, b; 2018). Although such 
aspects have significantly improved, it has not led to socio-ecological 
equality. Since socio-ecological inequality remains a barrier to human 
longevity (Kim & Kim, 2015, 2016a, 2017a, b; 2018), this chapter focused 
on the associations between ILE and SEFs indicators (Kim & Kim, 2018). 

Based on the findings, GI, SE, SVPW, and OPR contribute to ILE (Khan 
et al., 2016; Kim & Kim, 2018). In addition, decreases in GI and increases 
in SE, SVPW, and OPR lead to reductions in ILE, suggesting that 
improving these factors can improve ILE. 

SE, SVPW, and OPR values were the lowest in less developed regions and 
higher in more-developed countries. Thus, country-level SEFs that 
influence the living standard can predict ILE and corresponding country-
level socio-ecological inequality. Consequently, SEFs are major contributing 
factors to ILE, and they indirectly reflect country-level socio-ecological 
conditions required for healthy living (Kim & Kim, 2018). 
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In addition, higher levels of income inequality and relative poverty occur 
in more-developed countries (Kim & Kim, 2017b, 2008). However, such 
countries also display higher education but lower ILE. In less developed 
countries, country-level income and educational inequality have likely 
contributed to slow progress in attaining health equality (Kim & Kim, 
2014b, 2017b, 2018). Thus, ILE has a consistent influence, independent of 
income inequality and secondary education attainment (Kim & Kim, 
2018). 

Access to labor productivity and social security via SVPW and OPR can 
improve the quality of life and help individuals take charge of their health 
(Kim & Kim, 2017a, 2018). In this regard, better health increases labor 
supply and productivity and positively affects LE. Thus, SVPW and OPR 
can be seen as innovative tools for health promotion when viewed from a 
public policy perspective, and their values can help improve the standard 
of living (Kim & Kim, 2018). 

In the proposed models, it is evident that if countries improve their GI, SE, 
SVPW, and OPR, they can obtain lower ILE. Hence, policies that will 
enhance these country-level SEFs can have latent effects on ILE. 

Governments should reduce income inequality and increase access to 
education, labor productivity, and old age pensions. Meeting these goals 
could decrease the risk factors for ILE and raise the standard of living. 
Therefore, this chapter's findings can implement strategies related to ILE 
and address country-level socio-ecological indicators (Kim & Kim, 2018). 

3.5 Healthy life expectancy (HLE) 

3.5.1 Impact on HLE of SEFs 

If HLE is affected by acquired factors at the national level, there will 
inevitably be a gap in such expectancy between individuals and countries. 
For example, although living in the same area is physically healthy, LE is 
inevitably affected by diet, lifestyle, and the social environment in which 
individuals live due to the disparity in national income. Additionally, the 
difference in education level can affect HLE, depending on the 
understanding of medical information and the urbanization of local 
communities. 

Fig. 3.5 shows that if the national income, education level, Internet use, 
and urbanization rate increase to 40%, the HLE increases to 70 years 
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(Point A). Similarly, if these factors increase from 40% to 70% (Point B), 
the HLE will reach 85 years. Interestingly, if it rises to 100% (Point C), it 
is possible to maintain an HLE until 95 years of age. 

 

Fig. 3.5. Relationship between HLE and SEFs 

(a) Gross national income (GNI) 

Fig. 3.5.1 shows that HLE increases as the national income increases. For 
example, if the national income increases from $25,000 to $35,000, the 
HLE will increase from 80 to 95 years (Point B). In this regard, the 
national income allows individuals to pay medical expenses, either 
themselves or through an institutional healthcare system. However, HLE 
cannot be guaranteed if the national income is insufficient. Hence, to 
protect the health of its citizens and ensure HLE, the government should 
maintain its economic competitiveness and invest in primary healthcare 
sectors. 

 EBSCOhost - printed on 2/14/2023 2:44 AM via . All use subject to https://www.ebsco.com/terms-of-use



Chapter 3 
 

164 

 

Fig. 3.5.1 Relationship between HLE and the GNI 

(b) Individuals using the Internet (IUI) 

Currently, we live in an era in which can immediately access medical 
information anywhere and anytime. For example, without physically 
visiting a doctor, it is possible to schedule an appointment online, receive a 
straightforward diagnosis, and go to the pharmacy with a prescription. 
Therefore, the Internet has brought tremendous development in health 
sections. 

Fig. 3.5.2 shows that as IUI increases, HLE also increases. For example, if 
the number of Internet users increases from 75% to 90%, the HLE 
increases from 75 to 90 years (Point B). Thus, IUI is a significant variable 
in HLE. 
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Fig. 3.5.2. Relationship between HLE and IUI 

(c) Basic sanitation services (BSS) 

Fig. 3.5.3 shows that as the BSS increases, HLE also increases. For 
example, if the BSS increases from 75% to 90%, HLE increases from 75 
to 90 years (Point B). Thus, BSS is a significant variable in HLE. 
Sanitation services are an important factor for increasing HLE. For 
example, if there are no sanitation services at one’s school, it cannot 
protect one from food poisoning and infectious diseases. Therefore, 
sanitation services can help save precious lives from contagious diseases. 
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Fig. 3.5.3. Relationship between HLE and BSS 

(d) Safely managed drinking water (SMDW) 

Fig. 3.5.4 shows that HLE increases as the SMDW use increases. For 
example, when the SMDW increases from 75 to 90 %, HLE increases 
from 75 to 90 years (Point B). Thus, the greater the safely managed 
drinking water levels, the higher the HLE. 

SMDW plays a pivotal role in increasing HLE. If the SMDW system 
raises the quality of drinking water by converting it into a compulsory 
healthy water supply, it can increase the HLE of citizens, including older 
persons. 

In addition, because drinking water is closely related to HLE, non-safe 
drinking water can cause mental and physical stress. For instance, some 
individuals might have difficulty drinking water, while others might suffer 
from stress disorders. Therefore, the countries should implement a strategy 
toward improving the HLE of their citizens by preparing policies on the 
safe management of drinking water. 
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Fig.3.5.4. Relationship between HLE and SMDW 

(e) Fixed telephone and mobile phone subscriber (FTMPS) 

Fig. 3.5.5 indicates that HLE increases as the number of fixed telephone 
and mobile phone subscribers increases. For example, if the FTMPS 
increases from 75% to 90%, HLE would increase from 75 to 90 years 
(Point B). FTMPS allows individuals to subscribe, either by them or 
through an institutional communication system. However, HLE cannot 
guarantee if FTMPS is insufficient. Therefore, to protect the 
communication of its citizens and ensure HLE, the countries should 
maintain their communication competitiveness and invest in fundamental 
communication sectors. 
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Fig. 3.5.5. Relationship between HLE and FTMPS 

(f) GII 

Fig. 3.5.6 shows that HLE increases as the GII decreases. For example, 
when the GII value increases from 0.6 to 0.9, HLE decreases from 80 to 
75 years (Point B). Thus, the greater the gender equality levels, the higher 
the HLE. 

Gender equality can play a pivotal role in mental health, which, in turn, 
can increase HLE. Therefore, if the gender equality system focuses on 
raising the quality of gender equality by alleviating stress, it could increase 
the HLE of citizens, including older persons. 

In addition, since GII is closely related to HLE, it can cause mental and 
physical stress. For instance, if some women have difficulty finding 
employment opportunities due to gender inequality, they might suffer from 
stress disorders. Therefore, the countries should implement a strategy for 
improving the HLE of their citizens by preparing policies on gender equality. 
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Fig. 3.5.6. Relationship between HLE and GII 

(g) Services, value-added per worker (SVPW) 

Fig. 3.5.7 indicates that HLE increases as SVPW increases. For example, 
if SVPW increases from $15,000 to $30,000, HLE would increase from 75 
to 80 years (Point B). SVPW allows individuals to pay medical expenses, 
either by themselves or through an institutional healthcare system. 
However, HLE cannot guarantee if SVPW is insufficient. Therefore, to 
protect the health of its citizens and ensure HLE, the countries should 
increase SVPW by maintaining their economic competitiveness. 
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Fig. 3.5.7. Relationship between HLE and SVPW 

3.5.2 An assessment of HLE 

Table 3.5 presents an assessment of HLE. The GII and BSS have a 
relationship of more than 50% in the SEFs. This confirms that GNI, 
SMDW, BSS, FTMPS, IUI, SVPW, and GII are significant factors in HLE. 
Therefore, at least for human survival, if one wants to achieve HLE, it is 
important to increase major factors such as income level, safe drinking 
water, sanitation level, communication, Internet use, value-added 
productivity, and gender equality in society. We must also observe the 
seven elements that have a decisive influence on the basic survival 
probability of humanity. 
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Table 3.5. Correlations coefficient for the HLE (N = 39) 

 

Fig. 3.5.8 shows the GNI, SMDW, FTMPS, BSS, IUI, GII, and SVPW 
indicators of SEFs for HLE. Its significant relations are between HLE and 
seven factors. In addition, it can impact the direct relationship between 
HLE and these factors. Fig.3.5.8 of SEFs indicators reveal the predictors 
of HEL models: higher HLE can predict by higher factor values. It shows 
that the higher the SEFs indicator value, the greater the effect of the HLE. 
Thus, it indicates that countries with high SEFs levels have high 
expectations of HLE. 

GNI, SMDW, FTMPS, BSS, IUI, GII, and SVPW values can be the 
lowest in less developed regions and highest in more-developed districts. 
Consequently, the contributing factors to high HLE reflect the SEFs 
required for healthy living. In addition, these factors are crucial 
determinants of HLE. In addition, if GNI, UP, SE, and IUI in SEFs were 
increased, HLE improved (Kim & Kim, 2016). Thus, as GNI, SMDW, 
FTMPS, BSS, IUI, GII, and SVPW levels increase, HLE also enhances. 
Consequently, HLE has a consistent influence, independent of these SEFs. 

In addition, among the SEFs, GNI, SMDW, FTMPS, and BSS are 
fundamental factors that increase the survival probability of humanity. If 
these factors achieve, IUI and GII related to the local community can 
increase HLE. Ultimately, SVPW influences national economic development. 

Finally, these factors might decrease the risk factors for unhealthy people. 
Higher GNI, SMDW, FTMPS, BSS, IUI, and SVPW and lower GII can 
help increase HLE. Therefore, HLE strategies and related policies should 
include the SEFs of GNI, SMDW, FTMPS, BSS, IUI, GII, and SVPW 
(Fig. 3.5.8). 
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Fig.3.5.8. Relationship between HLE and SEFs 
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PART 4  

APPLICATION OF SEFS AS DETERMINANTS 
FOR BECOMING A CENTENARIAN 

 
 
 
Part 4 discusses the application of SEFs as determinants for becoming a 
centenarian: 

(1) It estimates regression and correlation between SEFs and SPBC and 
between SEFs and LE. 

(2) It proposes estimation formulas for becoming centenarians. 

(3) These 14 factors’ values and the estimation formulas are applied to 
analyze global trends in SEFs and present graphs of variables. 

Subsequently, Part 4 applies factors identified in SEFs to provide both 
short- and long-term plans for humanity. Finally, causes of increases and 
decreases in SEFs suggest short- and long-term individual and national 
policy alternatives. 
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CHAPTER 4 

INFLUENCE OF SEFS ON LE AND SPBC 
 
 
 

4.1 Correlation between LE and SEFs and SPBC 
 and SEFs 

4.1.1 Planning to nurture healthy centenarians 

First, this chapter describes the LE plan in which humans live to be 100 
years of age (see Fig. 4.1). 

The next step is to select the variables of SEFs that affect this goal. These 
variables can predict the probability of reaching a healthy 100 years of age 
at a certain age. 

The third and fourth step is creating an estimation formula for reaching the 
age of 100 at 82 (ISS). Each country’s SEFs are centered on the estimation 
equations to measure and confirm people’s health levels. 

The fourth to ninth step is to establish short- and long-term plans to 
improve the health levels reaching centenarians of each country. In this 
step, we consider the factors and variables from the standpoint of 
individuals, the national government, and overall medical expenditures, 
after which the probability of becoming a centenarian is, confirmed 
according to the survival probability and improvement measures. 

Finally, the plan is revised and supplemented based on quality feedback. 
Therefore, the details of each step are shown in Fig. 4.1. 
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Fig. 4.1. Plan for achieving healthy centenarians 

4.1.2 Correlation between LE and SEFs and SPBC and SEFs 

At this point, the following question is raised. How do we select the SEFs 
that influence 82-year-olds to live a healthy life until the age of 100? 
Chapter 2 described nine significant variables by summarizing all of the 
previous studies published by the author, while Chapter 3 explained the 14 
SEFs that affect LE. Therefore, 14 important variables are estimated, 
including nine variables that have a common influence on SPBC and LE 
and five variables that only affect LE. 

Among the 14 variables that were valid for LE, five variables excluded 
from SPBC (82) were pension receipt, education level, Gini coefficient, 
government medical expenditure, and national creditworthiness. The 
majority of the 39 countries in SPBC (82) were developed countries as a 
sample. There were almost no gaps in education and income and public 
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healthcare expenditure. In addition, there was no gap in pension receipt as 
it is a welfare system implemented by nearly all developed countries. 
Therefore, the relationship between the LE and SPBC (82) is described in 
Table 4.1. 

Table 4.1. Correlation coefficients for LE and SPBC (82) and SEFs 

 

In this case, the 14 variables in which CLSS and PLI affect LE and SPBC 
have a negative ( ) sign in two of the variables and a positive (+) sign in 
the remaining 12. 

In Fig. 4.2, the curves of LE and SPBC 1 are upwards, and to the right, i.e., 
curve 1 moves from Point A to Point B. In this regard, as the SEFs 
increase from 70% to 90%, the LE and survival probability increase from 
60 to 90 years of age. 
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However, the curves of LE and SPBC 2 are downward and to the right, i.e., 
curve 2 moves from Point A to Point C. Thus, as the SEFs increase from 
70% to 90%, the LE and survival probability decrease from 60 to 30 years. 
This indicates that triangle ABC is the area in which the increase/decrease 
in gain changes the survival probability according to the increase/decrease 
of the SEFs. 

 

Fig. 4.2 Relationship between SPBC and LE and SEFs 

Among the SEFs, the Gini index (GI) and Gender inequality index (GII) 
have a negative correlation in the direction of their Gini coefficients. In 
other words, the lower the GII, the higher the SPBC. Specifically, Fig. 
4.2.1 shows the correlation between SPBC and LE and the GI and GII. For 
example, when the SEFs are 0.5, the survival rate is 80 years, but when the 
SEFs are 0.7, it decreases to 50 years (Point B). 
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Fig. 4.2.1 Relationship between SPBC, LE, and the GI and GII 

The factors for PLI include Gross national income (GNI) and Services 
value-added per worker (SVPW). Fig. 4.2.2 explains the relationship 
between SPBC and LE and GNI and SVPW. For instance, when the SEFs 
are $10,000, the survival rate is 60 years, but when the SEFs are $25,000, 
it increases to 90 years (Point B). This indicates that if the income level of 
the people in a country is high and the added productivity per worker can 
increase, then the survival probability can further improve. 

 

 EBSCOhost - printed on 2/14/2023 2:44 AM via . All use subject to https://www.ebsco.com/terms-of-use



Influence of SEFs on LE and SPBC 
 

189 

 

Fig. 4.2.2 Relationship between SPBC, LE, and GNI and SVPW 

The SEFs of LE and CLSS include UP, IUI, OPR, BSS, SMDW, and 
FTMPS. In Table 4.1, we can see the correlation between LE and SPBC 
and UP, BSS, OPR, IUI, SMDW, and FTMPS. Additionally, as shown in 
Fig. 4.2.3, when the SEFs are 60%, the survival rate is 60 years, but when 
the SEFs are 70%, it increases to 80 years (Point B). This indicates that the 
higher the SEFs (i.e., UP, BSS, OPR, IUI, SMDW, and FTMPS), the 
higher the survival probability. In other words, if the national welfare and 
health facilities are well-maintained, then the probability of surviving until 
the age of 100 is high. 
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Fig. 4.2.3 Relationship between SPBC, LE, and UP, BSS, OPR, IUI, SMDW, and 
FTMPS 

Among the factors of PLI, there is secondary education (SE). In Table 4.1, 
we can see the correlation between LE and SPBC, and SE. Moreover, as 
shown in Fig. 4.2.4, the survival rates can be increased to 60 years when 
the SE period is 12 years; to 80 years when the SE period is 14 years; and 
90 years (Point C) when the SE period is 17 years. This indicates that as 
the SE increases in the positive (+) direction, LE and SPBC increase. In 
other words, countries with a high national education level have a higher 
survival probability. 
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Fig. 4.2.4 Relationship between SPBC, LE, and SE 

The factors of CLSS include GHE, DCI, and HEPGDP. Table 4.1 shows 
the correlation between LE and SPBC, and GHE, DCI, and HEPGDP. 
Additionally, in Fig. 4.2.5, when the SEFs are 5%, the survival rate is 60 
years, but when the SEFs are 7%, it increases to 80 years (Point B). This 
indicates that if a country has a high GHE, DCI, and HEPGDP, the LE and 
SPBC are high. 
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Fig. 4.2.5 Relationship between SPBC, LE, and the GI and GII 
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4.2 Measures for SPBC 

 
As previously mentioned, nine variables were related to SBPC were 
discovered. 
Thus, Chapter 4 will perform the following actions: 
(1) Create estimation ISS based on nine variables’ influence on SPBC, 
(2) Derive estimates of SPBC (82) based on each country’s SEFs, and 
(3) Discuss a response strategy. 
 

4.2.1 Developing the estimation formula of ISS 

In this chapter, an estimation formula is essential for quantifying and 
measuring the lifespan of each country based on their respective health 
levels. Additionally, an effective plan for health and longevity must 
include specific SEFs such as those described earlier. Thus, the following 
is a customized and practical approach for achieving a healthy 100 years 
of age. 

First, it is crucial to set the LE standard before creating the estimation 
formula for reaching the age of 100. As shown in Fig. 4.3, if the LE is 82 
years, this estimation formula’s index systematically improves the national 
health level by predicting the attainable healthy lifespan from 82 to 100 
years. The variables applied to this estimation formula are the re-evaluated 
nine factors. In other words, it is an estimation of the SEFs for the nine re-
tested variables essential for LE, starting from 82 to 100 years of age. Put 
precisely, the probability of surviving to 100 years is calculated by the 
mean score of the highest standard of 100% to each of the nine correlated 
SEFs (i.e., the actual measured value of each indicator is converted into 
100% and evaluated for comparison necessary for becoming a 
centenarian). 

In this regard, the nine variables include (1) GNI, (2) SMDW, (3) IUI, (4) 
SVPW, (5) UP, (6) BSS, (7) HEPGDP, (8) FTMPS, and (9) the GII. Thus, 
it is possible to predict the impact on centenarians by finding and 
substituting their indicators in the database of international organizations. 

Based on SEFs, the formula for estimating ISS is as follows. The survival 
probability is estimated by calculating the highest, middle, and lowest values of the 
nine variables of SEFs that affect SPBC. 
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Impact of SEFs on SPBC: ISS 
 ISS = A +  PLICLSS x1 + … +  PLICLSS xn   ------------------(1) 
 
ISS =  [(PLICLSS) x1 + (PLICLSS) x2 +  + (PLICLSS) x9] -------(2) 
 
(Category) 
PLICLSS x1: GNI (Low 1 to high 100) 
PLICLSS x2, x3: IUI (Low 1 to high 100) + UP (Low 1 to high 100) 
PLICLSS x4, x5: FTMPS (Low 1 to high 100) + GII (Low 1 to high 
100) 
PLICLSS x6, x7: BSS (Low 1 to high 100) + HEPGDP (Low 1 to high 
100) 
PLICLSS x8, x9: SMDW (Low 1 to high 100) + SVPW (Low 1 to 
high 100) 
 
(Impact Ranking) 
Highest:  [PLI CLSS x1 +  + 9 PLI CLSS x9]  800 to 900 (A++) 
High:  [PLI CLSS x1 +  + 9 PLI CLSS x9]  700 to 799 (A+) 
Middle:  [PLI CLSS x1 +  + 9 PLI CLSS x9]  600 to 699 (A) 
Low:  [PLI CLSS x1 +  + 9 PLI CLSS x9]  500 to 599 (B+) 
Lowest:  [PLI CLSS x1 +  + 9 PLI CLSS x9]  400 to 499 (B) 

 
Fig.4.3 Estimate the impact of SEFs on SPBC: (ISS) 

 The maximum 100-year SPBC prediction is calculated by substituting 
100% for the highest scores of the PLI and CLSS factors in the nine valid 
variables. The calculation is as follows (see Fig. 4.3). 

Highest:  [PLICLSS x1 + + PLICLSS x9]  800–900 (A++) 

This formula estimates the impact of the highest survival probability—  
(90% [the highest scores in the PLI and CLSS factors] X 9 factors [the 
valid variables for SPBC]) = Total 810 points. The impact of the highest 
survival probability can extend from 800 to 900 points. The calculation is 
as follows: 

Highest: (90 X 9  810 [A++]). 
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 The high 100-year SPBC prediction is calculated by substituting 100% 
for each of the PLI and CLSS factors in the nine valid variables. The 
calculation is as follows: 

High:  [PLICLSS x1 + + PLICLSS x9]  700–799 (A+) 

This formula estimates the high SEFs in the process of reaching 
centenarians—  (88% [the medium scores in the PLI and CLSS factors] 
X 9 factors [the valid variables for SPBC]) = total 792 points. The impact 
of the medium survival probability can extend from 700 to 799 points. The 
calculation is as follows: 

High: (88 X 9  792 [A+]). 

 The middle 100-year SPBC prediction is calculated by substituting 
100% for each of the PLI and CLSS factors in the nine valid variables. 
The calculation is as follows: 

Middle: [PLICLSS x1 + + PLICLSS x9]  600–699 (A) 

This formula estimates the medium SEFs in the process of reaching 
centenarians—  (77% [the medium scores in the PLI and CLSS factors] 
X 9 factors [the valid variables for SPBC]) = total 693 points. The impact 
of the medium survival probability can extend from 600 to 699 points. The 
calculation is as follows: 

Middle: (77 X 9  693 [A]). 

 The low 100-year SPBC prediction is calculated by substituting 100% 
for each of the PLI and CLSS factors. The calculation is as follows: 

Low: [PLICLSS x1 + + PLICLSS x9]  500–599 (B+) 

This formula estimates the lower SEFs in reaching centenarians—  (66% 
[the low scores in the PLI and CLSS factors] X 9 factors [the valid 
variables for SPBC]) = total 594 points. The impact of the low survival 
probability can extend from 500 to 599 points. The calculation is as 
follows: 

Low: (66 X 9  594 [B+]). 

 The lowest 100-year SPBC prediction is calculated by substituting 100% 
for each of the PLI and CLSS factors. The calculation is as follows: 
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Lowest: [PLICLSS x1 + + PLICLSS x9]  400–499 (B) 

This formula estimates the lowest SEFs in reaching centenarians—  (55% 
[the lowest scores in the PLI and CLSS factors] X 9 factors [the valid 
variables for SPBC]) = total 495 points. The impact of the lowest survival 
probability can extend from 400 to 499 points. The calculation is as 
follows: 

Lowest: (55 X 9  495 [B]). 

4.2.2 Output for ISS 

Based on each country’s SEFs, the SPBC (82) can be estimated by using 
the ISS formulas (Table 4.2). 

If we use these formulas, and input actual data, then it is possible to 
determine the possible impact in a country. As SEFs are the default, the 
value of ISS is substituted as 100%. For example, the actual GNI in the 
UK is 41770$. In this case, we can obtain the substituted values 100% and 
substitute them into ISS formula (1) as follows: 

ISS =  ([PLICLSS] x1 + [PLICLSS] x2 +  + [PLICLSS] x9) ---------- (1) 

The latest UK GNP data (2018) is estimated to be 50% if the substituting 
is based on ISS formula (1) values. For example, if GNI $41770 is 
estimated to be the UK’s GNP value of ISS, then the UK outputs an ISS of 
50% as substituted, when—with the highest value in all 39 countries—
Switzerland is set as the standard of 100%. 

In the UK, notably, those who have achieved SPBC (82) can impact 50% 
on SPBC through just GNI. Meanwhile, if indicators of CLSS and PLI 
increase, the chances of reaching 100 years will be even higher. Thus, 
countries should try to replace CLSS and PLI as 100%. 

In this case, by substituting the ISS formula, the present situation of each 
country can be analyzed, and a vision for the survival probability of 
reaching centenarians can be established. 
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4.2.3 Differences between countries for ISS 

Based on each country’s SEFs, we have estimated the ISS (Table 4.2). 

With regard to GNI, among the 39 countries, Switzerland is the highest 
with 1.00, and Ukraine is the lowest with 0.03. However, Ukraine is the 
weakest in SPBC (82) with 21 (Additional File 1).  

In SMDW, among the 39 countries, Belgium, the Netherlands, Germany, 
Sweden, the United Kingdom, New Zealand, Finland, Greece, and the 
Slovak Republic are the highest with 1.00, and the Russian Federation is 
the lowest with 0.76. In contrast, the Russian Federation is weak in SPBC 
(82) with 31 as survival probability (Additional File 1).  

In BSS, Switzerland, the United States, Japan, Denmark, Australia, New 
Zealand, Austria, Israel, Spain, the Republic of Korea, Portugal, and Chile 
are the highest with 1.00, and Bulgaria is the lowest with 0.86. Japan is the 
highest in SPBC (82) with 185, and Bulgaria is weak in SPBC (82) with 
30 as survival probability (Additional File 1).  

In UP, Belgium is the highest with 1.00 and the Slovak Republic is the 
lowest with 0.55. Belgium, however, is high in SPBC (82) with 93, and 
the Slovak Republic is weak in SPBC (82) with 52 as its survival 
probability (Additional File 1). 

In gender equality, Switzerland, Sweden, Denmark, and New Zealand are 
the highest with 1.00, Ukraine is low with 0.74. In IUI, Iceland is the 
highest with 1.00 and Bulgaria the lowest with 0.65. In HEPGDP, the 
United States is the highest with 1.00, and the Russian Federation and 
Luxembourg are the lowest with 0.31. In SVPW, Luxembourg is the 
highest with 1.00, and Ukraine is the lowest with 0.04. Lastly, in FTMTS, 
France is the highest with 1.00 and Finland is the lowest with 0.11. 

In addition, we found that the overall evaluation in ISS, Switzerland, 
Luxembourg, the United States, Iceland, France, Japan, Belgium, the 
Netherlands, Germany, Sweden, Denmark, and Norway are grade A+. 
However, Bulgaria, the Russian Federation, and Ukraine are rated B. 

Overall, we know that these high-scoring country groups have the highest 
SPBC (82), but the low-scoring countries have the lowest SPBC (82). 

 

 EBSCOhost - printed on 2/14/2023 2:44 AM via . All use subject to https://www.ebsco.com/terms-of-use



Chapter 4 
 

198 

Table 4.2 Example ISS in the 39 countries 
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Life expectancy at birth, total (years): LE 

Life expectancy at birth indicates the number of years a newborn infant 
would live if prevailing patterns of mortality at the time of its birth were to 
stay the same throughout its life. 

Source: United Nations Population Division. World Population Prospects: 
2019 Revision. 

4.3 Prediction of the estimates for SEFs 

4.3.1 Gross national income (GNI) 

GNI (World Bank Atlas method, in $US) is a SEFs that affects the LE and 
SPBC (82) of each country. Income level has also been shown to have a 
decisive effect on the two dependent variables of LE and survival 
probability (see Fig. 4.4). 

As of 2019, the highest GNI in the world was Switzerland, at $US 85,500, 
while the lowest was Burundi at $US 280. In this regard, income level not 
only has a decisive effect on surviving from birth to LE in each country, 
but it is also the most influential economic variable for surviving from 82 
to 100 years of age. This is because the economic environment can 
influence health and longevity. 

Estimating ISS based on income level is as follows. The maximum value 
of GNI in the 39 countries is substituted at the rate of 100%. For this ISS, 
if the variables verified in the relevant country are excellent, we substitute 
100 points (%) in each variable. Consequently, if all nine variables are 
excellent in a country with SPBC (82), the highest probability of reaching 
100 years of age can be predicted by ISS. 

Applying the ISS formula for GNI 

Switzerland has one of the highest GNI in the world. Based on 
Switzerland’s income level, the probability of an 82-year-old surviving to 
100 receives the highest score of 100% in nine example countries (Table 
4.3). This indicates the importance of income level on SEFs and SPBC 
(82). Examples of the GNI scores by country are shown in Table 4.3. 
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Table 4.3. Example of a score for GNI per capita, 2019 (current US$) 

 

 
Impact of GNI on LE and SPBC (82) 

Tables 4.3.1 and 4.3.2 show that GNI, as the sole independent variable, 
influences 23% of SPBC (82) and 42% of LE. Additionally, Fig. 4.4 
shows that the higher the national income, the higher the likelihood of 
achieving LE and reaching 100 years of age. Additionally, if the income is 
high, then the interest in health is naturally high. The possibility of 
reaching the age of 100 is very high because the healthcare system is well-
maintained. 

 
GNI per capita, Atlas method (current US$): 
 
GNI per capita (formerly GNP per capita) is the gross national income 
(GNI), converted to US dollars using the World Bank Atlas method, divided 
by the midyear population. GNI is the sum of value-added by all resident 
producers plus any product taxes not included in the valuation of output plus 
net receipts of primary income (compensation of employees and property 
income) from abroad. To smooth fluctuations in prices and exchange rates, 
the World Bank uses a special Atlas method of conversion. 
 
Source: World Bank national accounts data, and OECD National Accounts 
data files. 
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4.3.2 Old age pension recipient (OPR) 

As of 2014–2019, among the 53 countries surveyed, the UK had the 
highest OPR, at 100%, while Malawi had the lowest at 2.3%. This 
indicates that OPR only affects LE, with no difference in the probability of 
surviving to 100 years of age (see Fig. 4.5). This is because many 
countries have recently implemented short-term pensions. However, 
pensions are considered an important source of income that can sustain 
healthy life in old age and increase LE. Examples of the OPR by country 
are shown in Table 4.4. 

Table 4.4 Example for old age pension recipients (OPR), 2014–2019 

 

Source: United Nations. Human development report: Old age pension recipients (% 
of statutory pension age population) http://hdr.undp.org/en/indicators/123806. 
Accessed on October 8, 2021. 

Impact of OPR on LE 

Table 4.4.1 shows that OPR alone has an influence of 38.4% on LE. 
Moreover, Fig. 4.5 shows that the higher the OPR, the more likely they 
will achieve LE. This is because those receiving pensions refer to 
guaranteed income in old age. In particular, since pensioners are not afraid 
of the economy, they have less mental stress and greater interest in 
healthcare. 
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4.3.3 Secondary education (SE) 

The proportion of the population with at least some SE (%, ages 25 and 
older, male and female) showed a significant correlation in LE (see Fig. 
4.6). Meanwhile, the level of SE can be proportional to an individual’s 
income level, while the secondary effect of such education is that it 
improves mental health. 

Interestingly, since the majority of the current 100-year-olds do not have 
SE (or higher), it indicates that there is no significant effect on SPBC. 
However, studies have confirmed that LE cannot be reached without a 
minimum education. Thus, the government should establish short- and 
long-term education policies that improve this aspect so that the 
population can reach LE. 

Finally, the education level is as follows. As of 2018, Austria and Finland 
accounted for 100%, following by the United States at 96%, Japan at 
93.6%, the Rep. of Korea at 86%, and the UK at 78.2%. Meanwhile, 
Burkina Faso had the lowest level of education at 9%. Examples of the SE 
by country are shown in Table 4.5. 

Table 4.5 Example for population with at least secondary education 
(SE), 2018 

 

Source: United Nations. Human development report: Population with at least some 
secondary education (% ages 25 and older). 
http://hdr.undp.org/en/indicators/23806. Accessed on October 8, 2021. 

Impact of SE on LE 

Table 4.5.1 shows that SE alone has an influence of approximately 50% on 
LE. In other words, SE is the PLI that is important for reaching LE. 
Additionally, Fig. 4.6 shows that the more people complete SE, the more 
they will achieve LE. However, the majority of those who are 100 years 
old do not have SE, since there was insufficient economic power to 
support such education. Hence, if education contributes to mental health, 
then such participation can help achieve LE from birth to at least 82 years 
of age. 
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4.3.4 Safely managed drinking water (SMDW) 

SMDW (% of the population) is a factor that influences LE from birth to 
82 years and SPBC (82) (see Fig. 4.7) (r = 0.843, p = 0.000). In this regard, 
drinking water refers to water free from contamination, including bottled 
and delivered drinking water. 

Safe drinking water is an essential factor for reducing child mortality and 
morbidity. In addition, secure access to and the supply of drinking water 
can also improve the quality of life over the long-term. Specifically, it 
improves the quality of life by increasing household income (through 
increased labor productivity) and reducing medical expenses due to a 
healthy body. Thus, political leaders should recognize the importance of 
critical SEFs in prolonging peoples’ lifespans and devise policies to ensure 
that they can receive safe drinking water. 

Applying the ISS formula for SMDW 

As of 2017, countries such as the United Kingdom, Iceland, and Greece 
accounted for 100% of the world’s SMDW, followed by the United States 
and Canada at 99%. Meanwhile, Uganda had the lowest SMDW at 7%. 
SMDW is a variable that affects SPBC. In the case of 100%, such as the 
UK, ISS is calculated by the highest score of 100%. Then, this score is 
substituted as a reference point for conversion into each country’s SMDW. 
Examples of the SMDW scores by country are shown in Table 4.6. 

Table 4.6 Example of a score for using safely managed drinking water 
(SMDW), 2017 
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People using safely managed drinking water services (% of population): 

People using safely managed drinking water services (% of the 
population): The percentage of people using drinking water from an 
improved source accessible on-premises, available when needed and free 
from fecal and priority chemical contamination. Improved water sources 
include piped water, boreholes or tube wells, protected dug wells, 
protected springs, and packaged or delivered water. 

Source: WHO/UNICEF Joint Monitoring Programme (JMP) for Water 
Supply, Sanitation and Hygiene (washdata.org). 

 
Impact of SMDW on LE and SPBC (82) 

Tables 4.6.1 and 4.6.2 show that SMDW affects 23% of SPBC (82) and 67% 
of LE as a single independent variable. In addition, Fig. 4.7 indicates that 
the greater the SMDW, the higher the likelihood of achieving LE and 
SPBC. 
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4.3.5 Fixed telephone and mobile phone subscribers (FTMPS) 

FTMPS is a significant variable that affects LE and SPBC (see Fig. 4.8). 
In this regard, communication through such devices can strengthen 
relationships and have a positive impact on mental health and the quality 
of life. Thus, FTMPS is a SEFs that positively affects mental health, LE, 
and SPBC. 

Applying the ISS formula for FTMPS 

As of 2017, France was the largest country with 60 members per 100 
people, followed by Australia with 34. Meanwhile, Finland had the lowest 
FTMPS at seven. FTMPS is a variable that affects SPBC. As of 2017, 
France had the highest FTMPS in the world. Thus, ISS receives the 
highest score of 100%. Examples of the FTMPS scores by country are 
shown in Table 4.7. 

Table 4.7 Example of a score for fixed telephone and mobile phone 
subscribers, 2017 

 

 
Fixed telephone subscriptions (per 100 people): 
 
Fixed telephone subscriptions refer to the sum of the active number of 
analog fixed telephone lines, voice-over-IP (VoIP) subscriptions, fixed 
wireless local loop subscriptions, ISDN voice-channel equivalents, and 
fixed public payphones. 
 
Mobile cellular subscriptions (per 100 people): 
 
Mobile cellular telephone subscriptions are subscriptions to a public 
mobile telephone service that provide access to the PSTN using cellular 
technology. The indicator includes (and is split into) the number of 
postpaid subscriptions and the number of active prepaid accounts (i.e., 
used during the last three months).  
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The indicator applies to all mobile cellular subscriptions that offer voice 
communications. 
 
Source: International Telecommunication Union (ITU) World 
Telecommunication/ICT Indicators Database 
 

 

Impact of FTMPS on LE and SPBC (82) 

Tables 4.7.1 and 4.7.2 show that FTMPS affects 24% of SPBC (82) and 53% 
of LE as the sole independent variable. Moreover, Fig. 4.8 shows that as 
FTMPS increases, LE and SPBC also increase. In this regard, the frequent 
use of mobile and fixed phones contributes to the promotion of mental 
health by strengthening communication with family and friends. In 
addition, FTMPS is a SEFs that can prevent depression (by improving 
communication with the elderly) and safely respond to emergencies, thus 
increasing LE and the likelihood of reaching 100 years of age. 
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4.3.6 Basic sanitation services (BSS) 

BSS (% of the population) is an essential SEFs for LE and SPBC (82) (see 
Fig. 4.9). This indicator covers both basic sanitation and safely managed 
sanitation services. In this case, such services include sewage systems and 
flush toilets. Meanwhile, inadequate hygiene is a significant cause of 
various infectious diseases. 

Applying the ISS formula for BSS 

As of 2017, Palau had the highest BSS at 100%, followed by South Africa 
at 75%. Meanwhile, Ethiopia had the lowest BSS at 7%. BSS is a variable 
that affects ECLE. Since Palau has the highest rate of BSS at 100%, the 
ECLE receives 100% points. Examples of the BSS scores by country are 
shown in Table 4.8. 

Table 4.8. Example of a score for using at least basic sanitation 
services (BSS), 2017 

 

 
People using at least basic sanitation services (% of population): 
 
The percentage of people using at least basic sanitation services, that is, 
improved sanitation facilities that are not shared with other households. 
This indicator encompasses both people using basic sanitation services as 
well as those using safely managed sanitation services. Improved 
sanitation facilities include flush/pour flush to piped sewer systems, septic 
tanks, or pit latrines; ventilated improved pit latrines, compositing toilets, 
or pit latrines with slabs. 
 
Source: WHO/UNICEF Joint Monitoring Programme (JMP) for Water 
Supply, Sanitation and Hygiene (washdata.org).  
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Impact of BSS on LE and SPBC (82) 

Tables 4.8.1 and 4.8.2 show that BSS affects 31% of SPBC (82) and 73% 
of LE. Additionally, Fig. 4.9 shows that the greater the BSS, the higher the 
LE and SPBC. Again, since inadequate hygiene is a significant cause of 
human disease, it is necessary to keep the primary source of infection 
clean by focusing on health and hygiene management. Thus, BSS is a 
significant variable that can enhance primary healthcare services, prevent 
infectious diseases over the long term, and improve both LE and SPBC. 
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4.3.7 The Gini index (GI) 

The GI, representing the income inequality index, is the only valid 
variable in LE (see Fig. 4.10). Specifically, a GI of zero means perfect 
equality, while an index of 100 means perfect inequality. The limiting 
point is that as the GI of developing countries increases, the absolute 
poverty population decreases. This is because the GI measures relative 
wealth. 

Income inequality can also indicate inequality in the level of health. In this 
regard, households with high-income levels are more interested in 
healthcare than their low-income counterparts. Interestingly, income 
inequality has little effect on SPBC. Those who have reached the age of 
100 have either overcome income inequality or have never experienced 
inequality due to their high-income level. 

However, it is significant that income inequality can affect LE. 
Specifically, if the income level is low, then individuals have no choice 
but to invest more time and effort in their family’s livelihood, rather than 
for their health. Therefore, since income disparities inevitably lead to 
differences in health level, health economic policies that can resolve 
income inequality are required. 

As of 2021, Brazil has the highest GI at 53.4, followed by the United 
States at 41.4. Meanwhile, Slovenia has the lowest GI at 24.6. Examples 
of the GI scores by country are shown in Table 4.9. 

Table 4.9. Example for Gini index (World Bank estimate), 2017–2019 
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Gini index (World Bank estimate): 
 
Gini index measures the extent to which income distribution among 
individuals or households within an economy deviates from a perfectly 
equal distribution. A Lorenz curve plots the cumulative percentages of 
total income received against the cumulative number of recipients, starting 
with the poorest individual or household. Thus, a Gini index of 0 
represents perfect equality, while an index of 100 implies perfect 
inequality. 
 
Source: World Bank, Development Research Group. Gini index (World 
Bank estimate) 
https://data.worldbank.org/indicator/SI.POV.GINI?end=2019&start=1967
&view=chart 
 
 
Impact of the GI on LE 

Table 4.9.1 shows that the GI affects 12% of LE as a single independent 
variable. Moreover, Fig. 4.10 indicates that the lower the income 
inequality index, the more people can survive up to 82 years of age. As 
stated earlier, people with low-income inequality are more interested in 
healthcare than others because they can afford to live economically. 
However, people with high-income inequality experience a sense of 
economic deprivation and tend to neglect their healthcare. This income 
gap makes it challenging to guarantee fundamental health rights and solve 
mental stress. Thus, the GI is an essential variable with a high possibility 
of increasing LE if the minimum income gap is resolved through CLSS. 
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4.3.8 Urban population (UP) 

UP (% of the total population) is a variable that affects the LE and SPBC 
of each country (see Fig. 4.11). As stated earlier, the increase in UP is due 
to the migration of the rural population. In addition, cities are more 
favorable environments for health promotion than rural societies because 
the healthcare system is well-structured and better maintained. 

Applying the ISS formula for UP 

As of 2018, six countries, including Singapore, had the highest UP at 
100%, following by the UK at 84%. Meanwhile, Burundi had the lowest 
UP at 13%. Since Singapore has the highest UP, it receives 100% points. 
Examples of the UP scores by country are shown in Table 4.10. 

Table 4.10. Example of a score for urban population (UP), 2018 

 

 
Urban population (% of total population): 
 
Urban population refers to people living in urban areas as defined by 
national statistical offices. The data are collected and smoothed by United 
Nations Population Division. 
 
Source: United Nations Population Division. World Urbanization 
Prospects: 2018 Revision. 
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Impact of UP on LE and SPBC (82) 

Tables 4.10.1 and 4.10.2 show that UP affects 23% of SPBC (82) and 40% 
of LE as a single independent variable. In addition, Fig. 4.11 shows that 
the more urbanized the population, the greater the LE and SPBC. This 
indicates that emergencies can be quickly addressed and that the quality of 
life is high due to the convenience of living environments. 
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4.3.9 Gender inequality index (GII) 

The GII is a variable that significantly impacts LE and SPBC (82) (see Fig. 
4.12). Additional details are as follows: 

 
The GII measures gender disadvantages in the following three dimensions 
(Human Development Index, 2010): 
 
(a) Women’s reproductive health index, due to maternal mortality and 
adolescent childbirth; 
(b) The minimum share of the population with SE and the proportion of 
male and female parliamentary seats; and 
(c) The participation rate of males and females in the labor market. 
 
As such, in these three dimensions, gender disadvantages occur that can 
decrease health levels. 
 
 
Gender equality ranges from 0 (inequality) to 1 (low equality). Meanwhile, 
the maternal mortality rate that occurs during pregnancy and childbirth is 
representative of the health inequality due to gender discrimination. In 
addition, the roles and rights of males and females should be equal. 
However, if they are not, then mental stress can occur. 

In particular, if employment restrictions and job losses occur due to gender 
discrimination, then the quality of life will be reduced due to uncertainties 
in household income and mental health. Hence, the higher the GII value, 
the more significant the gender gap and the greater the loss in the quality 
of life. In this regard, political leaders of each country should implement 
social changes that promote a gender-equal society. 

Applying the ISS formula for the GII 

As of 2018, Switzerland had the lowest GII at 0.037, followed by the UK 
at 0.119, and the United States at 0.182. Meanwhile, Yemen had the 
highest GII at 0.0834. Based on the same findings, 100% points are given 
to Switzerland. This value is calculated by multiplying the value by 
reversely converting the country’s GI. Examples of the GII scores by 
country are shown in Table 4.11. 
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Table 4.11 Example of a score for gender inequality index (GII), 2018 

 

 
Gender inequality index: 
 
Gender inequality remains a significant barrier to human development. 
The disadvantages facing women and girls are an essential source of 
inequality. The GII is an inequality index. The higher the GII value, the 
more disparities between females and males and the more loss to human 
development. 
 
UN, Human Development Reports, Gender Inequality Index (GII), 
http://hdr.undp.org/en/content/gender-inequality-index-gii 
 
 
Impact of the GII on LE and SPBC (82) 

Tables 4.11.1 and 4.11.2 show that the GII affects 22% of SPBC (82) and 
74% of LE. Additionally, Fig. 4.12 shows that both LE and SPBC increase 
in a gender-equal society. Specifically, equal economic activity and social 
participation by males and females can increase family income and 
improve the quality of life, increasing LE and SPBC. 
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4.3.10 Individuals using the Internet (IUI) 

IUI is an essential SEFs for increasing LE and SPBC (see Fig. 4.13). In 
this case, the population of IUI refers to those who have used the Internet 
in all locations for at least the last three months (WB, 2012). Meanwhile, 
this information industry revolution has brought about advanced 
technological changes in finding the causes of diseases and treating them. 
However, the development of information and communication technology 
has created a gap between healthcare services and the level of health. Thus, 
the political leaders of countries should collaborate so that all countries 
can improve the health levels of humanity as a whole. 

Applying the ISS formula for IUI 

As of 2017, Iceland had the highest IUI globally at 100%, followed by the 
UK at 90%. Since Iceland’s IUI was 100%, the ISS received the highest 
score of 100% points. Examples of the IUI scores by country are shown in 
Table 4.12. 

Table 4.12. Example of a score for individuals using the Internet (IUI), 
2017 

 

 
Individuals using the Internet (% of the population): 

Internet users are individuals who have used the Internet (from any 
location) in the last three months. The Internet can use via a computer, 
mobile phone, personal digital assistant, games machine, digital TV, etc. 

Source: International Telecommunication Union (ITU) World 
Telecommunication/ICT Indicators Database 
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Impact of IUI on LE and SPBC (82) 

Tables 4.12.1 and 4.12.2 show that the IUI affects 28% of the SPBC (82) 
and 74% of the LE as a single independent variable. In addition, Fig. 4.13 
indicates that the greater the number of Internet users, the more the LE and 
SPBC increase. Therefore, if the health and medical information obtained 
from the Internet influences individuals to seek advice and treatment, the 
LE and possibility of reaching 100 years of age can be increased. 
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4.3.11 Government health expenditure (GHE) 

As a variable of CLSS, only GHE affects LE (see Fig. 4.14). This 
indicates that when the current 100-year-olds were born, the GHE was 
insufficient. However, it shows that the proportion of government 
spending on healthcare directly affects national health, thus impacting LE. 

In general, public resources include health insurance and related subsidies. 
Additionally, a portion of each country’s health and medical expenses are 
spent on establishing or expanding health and medical institutions and 
training health and medical personnel. In this process, the role of the 
government is significant. In particular, financial support for healthcare in 
underdeveloped countries that lack government spending should be shared 
to promote the health of humanity as a whole. For example, when an 
infectious disease, such as COVID-19, spreads worldwide, all countries 
must focus on healthcare. However, in reality, since there are countries 
with insufficient government budgets, their interest in other countries is 
limited. Therefore, it is hoped that the political leaders of each country will 
collaborate so that all individuals, regardless of nationality, will have 
adequate health and medical resources. 

As of 2018, Cuba had the highest GHE at 100%, followed by the UK at 
79%. In addition, Afghanistan had the lowest GHE at 5%. Examples of the 
GHE scores by country are shown in Table 4.13. 

Table 4.13 Example for domestic general government health 
expenditure (GHE), 2018 
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Impact of GHE on LE 

Table 4.13.1 shows that GHE affects 50% of LE as a single independent 
variable. In addition, Fig. 4.14 shows that LE increases as the proportion 
of GHE increases. The government spends a significant amount on 
healthcare because it invests directly in the public sector without relying 
on the private sector. Therefore, if the countries contribute to public health 
promotion by increasing medical expenses, LE and SPBC are expected to 
increase. 

 

 
WHO. Domestic general government health expenditure as a CHE (%): 
 
Share of current health expenditures funded from general government 
sources, social health insurance, and compulsory prepayment. 
 
https://www.who.int/data/gho/indicator-metadata-registry/imr-details/4953 
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4.3.12 Health expenditure as a percentage of GDP (HEPGDP) 

The HEPGDP is an index that indicates the degree of government 
expenditure on healthcare resources compared to other expenditures. In 
this regard, the proportion spent in the healthcare sector suggests the 
importance of health-related spending. In short, national health spending 
has a high priority in terms of cost/effectiveness. 

The gross domestic product (GDP) is highly related to health since 
unhealthy people cannot work and add to the GDP. Thus, the government 
should increase the national budget for health- and medical-related 
projects. 

Applying the ISS formula for HEPGDP 

As of 2018, the United States had the highest HEPGDP at 16.89%, 
followed by the UK at 10%. Meanwhile, Monaco had the lowest HEPGDP 
at 1.6%. By converting and substituting the nine indicators, including 
HEPGDP, it is possible to predict the age at which individuals will survive 
from 82 years of age to centenarians. 

HEPGDP is a variable that affects SPBC (see Fig. 4.15). For example, 
since the United States has the highest HEPGDP, the probability of 
surviving to 100 at age 82 receives the highest score of 100% points. 
Examples of the HEPGDP scores by country are shown in Table 4.14. 

Table 4.14 Example of a score for health expenditure as a % of GDP, 
2018 
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Health expenditure as a percentage of gross domestic product (GDP) 
(%): 

The definition of HEPGDP is the level of current health expenditure 
expressed as a percentage of GDP. Current health expenditure as a share 
of GDP indicates the resources channeled to health relative to other uses. 
It shows the importance of the health sector in the whole economy and 
demonstrates the societal priority which health measures in monetary 
terms. 

https://apps.who.int/gho/data/node.main.GHEDCHEGDPSHA2011?lang
=en 

 
Impact of HEPGDP on LE and SPBC (82) 

Tables 4.14.1 and 4.14.2 show that HEPGDP affects 30% of SPBC (82) 
and 10% of LE as a single independent variable. Additionally, Fig. 4.15 
shows that the higher the HEPGDP, the higher the LE and SPBC. Thus, 
improving workers’ health can lead to increased productivity and a higher 
GDP, which, in turn, can provide better healthcare and extend their LE. 
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4.3.13 Services value-added per worker (SVPW) 

As a measure of labor productivity at the individual standard of living, 
SVPW is calculated by dividing the added value per worker by the number 
of employed workers. In this regard, an increase in SVPW means that the 
value of the net output increases. As mentioned earlier, the net 
productivity of workers is highly correlated with their health. Thus, 
political leaders should recognize that the health level of workers is 
directly related to the increase/decrease in the net output per worker. 
Moreover, since the added value per worker in a country is highly 
correlated with workers’ LE, it is crucial to establish and implement 
innovative health and welfare policies. 

Applying the ISS formula for SVPW 

In 2018, Luxembourg had the highest SVPW at $207,763, whereas Sierra 
Leone had the lowest at $1,407. SVPW is a variable that affects SPBC. 
For example, Luxembourg, with the highest SVPW, receives the highest 
score of 100% points. Examples of the SVPW scores by country are 
shown in Table 4.15.  

Table 4.15 Example of a score for services value-added per worker 
index, 2018 

 

Services, value-added per worker (constant 2010 US$): 

The value-added per worker is a measure of labor productivity—value-
added per unit of input. Value-added denotes the net output of a sector 
after adding up all results and subtracting intermediate inputs. Data are 
in constant 2010 US dollars. 

Source: Derived using World Bank national accounts data and OECD 
National Accounts data files, and employment data from International 
Labor Organization, ILOSTAT database. 
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Impact of SVPW on LE and SPBC (82) 

Tables 4.15.1 and 4.15.2 show that SVPW affects 24% of SPBC (82) and 
45% of LE as a single independent variable. In addition, Fig. 4.16 
indicates that the higher the SVPW, the higher the LE and SPBC. Hence, 
the value of the net output of each worker increases when the national 
health level improves. 
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4.3.14 Depth of credit information (DCI) 

Finally, international credit rating agencies published the DCI index 
(ranging from 0 to 8) to measure information affecting national credit 
ratings. In this regard, the higher the value, the easier it is to access 
international finance. However, if the national credit index drops, there 
will be pressure for early repayment of existing debts. 

Macroscopically, if the DCI is low, then the country’s international 
competitiveness is weakened. This can negatively affect the domestic 
economy and lead to an economic recession. Moreover, when the 
economy is in recession, production and demand decrease, prices and 
wages fall, and unemployment rises. Ultimately, this will reduce workers’ 
household income and stress their physical and mental health. 

As of 2018, 40 countries, including the United States, had the highest 
score of 8, whereas the Congo had the lowest 1. Examples of the DCI 
scores by country are shown in Table 4.16. 

Table 4.16 Example for depth of credit information index, 2018 

 

 
Depth of credit information index (0 = low to 8 = high): 

Depth of credit information index measures rules affecting the scope, 
accessibility, and quality of credit information available through public 
or private credit registries. The index ranges from 0 to 8, with higher 
values indicating the availability of more credit information from either a 
public registry or a private bureau to facilitate lending decisions. 

Source: World Bank, Doing Business project (doing business.org). 
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Impact of DCI on LE 

Table 4.16.1 shows that DCI affects 8% of LE as a single independent 
variable. In addition, Fig. 4.17 indicates that the higher the national credit 
index, the higher the LE. Therefore, a high national credit index means 
that the national economy revitalizes the country’s competitiveness 
without depending on foreign support. Through such revitalization, the 
standard of living will increase, contributing to national health in the long 
term. 
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4.4 Application factors of SPBC 

4.4.1 Establishment of short-, medium-, and long-term plans 

We can create short-, medium-, and long-term plans for reaching 100 
years of age in one-, five-, and 10-year increments, respectively. 

(1) Short-term plans 

Short-term plans can occur in one-year increments. For example, planning 
can be established in January and evaluated in December. This has the 
advantage of assessing the national health level at the end of every year 
and making the appropriate improvements. However, there is also the 
cumbersome disadvantage of performing annual health checkups and 
evaluating the national health level based on various data. 

(2) Medium-term plans 

Medium-term plans can occur in five-year increments. Healthcare should 
be regularly monitored for abnormalities at the individual level and any 
inconsistencies and issues at the national level. For example, if an 
environmental factor that harms human beings occurs due to a lack of BSS, 
a prompt response is necessary. However, it is important to note such 
instances and establish appropriate health-related plans to remedy the 
situation over the medium term. 

(3) Long-term plans 

Long-term plans can occur over a more extended period of up to 10 years. 
In this regard, a long-term health management plan can be created, with 
periodic evaluations to ensure that the individual is adhering to the 
proposed suggestions, including the goal of reaching a healthy 100 years 
of age. Thus, for example, healthy individuals in their 30s can re-evaluate 
their health in their 40s and make the necessary improvements. 

4.4.2 PLI: Income, hygiene, drinking water, and use of the ISS 

Suppose that a country has set a goal of achieving a LE of 100 years of age. 
In this case, we should establish national health projects to manage SEFs 
such as individual income levels, BSS, and SMDW. The details of these 
variables are as follows. 
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(1) Individual income levels 

Individual income levels are an essential factor in the provision of 
healthcare. It is also vital for improving the quality of life and maintaining 
a healthy standard of living. Specifically, when individual income levels 
are high, then we can obtain appropriate healthcare. However, when such 
income levels are low, medical expenses create burdens for individuals. 
Therefore, the government should help pay for healthcare, especially for 
those who cannot afford such costs. 

(2) BSS 

As stated earlier, infectious diseases can occur when BSS is not provided. 
Hence, it is important to offer such services, especially in developing 
countries. This can greatly reduce the incidence of infectious diseases and 
improve the health of both citizens and workers, the latter of which can 
have a positive impact on labor productivity and other related aspects that 
affect the country as a whole. 

(3) SMDW 

As mentioned earlier, SMDW is a critical health factor that can negatively 
affect the health of individuals if poorly maintained. Thus, developed 
countries should support countries and regions that lack drinking water 
facilities and related infrastructure. 

(4) Using the ISS estimation formula 

At this point, the ISS estimation formula is based on PLI and CLSS to 
estimate the age. Then, nine SEFs are evaluated and compared based on 
the highest score of 100%, as described earlier. Moreover, we assess the 
degree of goal achievement according to the calculation results in the ISS 
formula. 

4.4.3 Social environment of mixed CLSS: GII, IUI, and UP 

Regarding the social environment of mixed CLSS, GII, IUI, and UP are 
the critical factors. Therefore, the government should address these factors 
as soon as possible, directly affecting LE and SPBC. 
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(1) Gender equality 

As mentioned earlier, the gender equality index is calculated by quantifying 
equal employment opportunities and securing equal social status for men 
and women. For instance, if a woman loses her job due to childbirth, the 
resulting stress will lower her mental health and quality of life, thus 
reducing her LE. Conversely, if men and women have equal opportunities 
to enter, including leadership positions, women’s mental health and 
quality of life would significantly improve. 

(2) IUI 

Reliable information beneficial to health and health management can 
easily be obtained through the Internet. Such information will improve the 
short-term management of healthcare at the individual level and increase 
the LE and SPBC. Thus, governments should continue to monitor and 
ensure that individuals have easy and affordable access to these valuable 
SEFs. 

(3) UP 

An extensive UP means that people living in large cities have a higher 
change experience than those in rural areas. People living in large cities 
tend to experience economic, socio-cultural, demographic, and environmental 
changes. Economic change refers to how people living in rural areas 
migrate to large cities in search of work, and thus, can improve their 
income levels. In addition, socio-cultural change in large cities occurs with 
the high quality of life and an affluent lifestyle of modern society. 
Demographic health change can refer to the phenomenon in which the 
probability of infectious disease increases due to the population 
concentration. Finally, environmental pollution relates to air pollution, 
water and soil pollution, noise, and vibration. Since these changes can 
have a detrimental effect on health levels, social health policy that can 
supplement them is necessary. 

(4) Use of the ISS estimation formula 

The ISS estimation formula focuses on the current PLI and CLSS in SEFs 
which each index is evaluated based on the variable’s highest scores. Then, 
the results of the performances are compared and feedback according to 
the degree of reaching the goal of 100 years of age. 
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4.4.4 Hospital visits: GHE and HEPGDP 

Although a healthy 100-year-old goal is established and implemented by 
considering all 14 SEFs variables, numerous health-related issues must be 
considered, including cardiac arrest, cerebral hemorrhage, obesity, 
osteoporosis, hypertension, diabetes, etc. Meanwhile, there are diseases 
such as COVID-19, severe acute respiratory syndrome, cholera, 
tuberculosis, and AIDS. If such issues develop before reaching 100 years 
of age, then the country’s attention and financial resources should be 
invested in prevention and treatment. In this regard, the higher GHE, the 
greater the alleviation of diseases. In addition, the HEPGDP should be 
high so that essential health and medical personnel can be hired and 
medical equipment and facilities built. Such investments are critical for 
achieving a healthy 100 years of age. 

4.4.5 Achievement of the health level and SPBC feasibility 
review 

Even if there is no history of chronic or acute diseases, the health levels of 
individuals, including their eating habits, lifestyles, mental health, 
community environment, and stress, should be regularly evaluated through, 
for example, annual health questionnaires or physical examinations. Such 
an approach can also check the individual’s weight, visual acuity, and the 
presence (or absence) of abnormalities through biological samples such as 
blood, urine, feces, etc. Subsequently, we can establish customized 
treatment and health management plans to increase SPBC. 

4.4.6 Healthcare system based on CLSS 

In the previous section, we explained establishing and implementing a 
roadmap for achieving the healthy 100-year-old goal. However, 
emergencies and diseases, especially among the elderly, have a certain 
unpredictability in this process. Therefore, healthcare systems should 
ensure that patients receive medical attention within 30 minutes regardless 
of their location. 

Finally, Fig. 4.20 presents a healthcare system in which human beings live 
to 100 years. In this regard, the medical delivery system is established by 
first dividing the region into large-, medium-, and small-sized cities, 
including local communities. The details of each category are as follows. 
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(1) Large cities 

The respective departments of geriatric rehabilitation medicine can recruit 
health and medical personnel such as rehabilitation specialists, physical 
therapists, occupational therapists, rehabilitation nurses, and social 
workers. Such personnel can provide the following programs for the 
elderly: 

 
- Senior stroke programs: 
Gait for hemiplegic patients 
Functional improvement of hemiplegic patients 
Cognitive rehabilitation and speech therapy 
- Geriatric neurology: 
Stroke rehabilitation, dementia, Parkinson’s disease, sleep disorders, 
headache, numbness, hand tremors, dizziness, and facial paralysis 
- Geriatric internal medicine: 
Hypertension, diabetes, hyperlipidemia, osteoporosis, lung disease, 
and geriatric heart disease. 
 

 
For example, let us suppose that a geriatric oriental medicine department is 
necessary. In this case, the department can provide treatment for stroke 
rehabilitation (e.g., acupuncture, cupping, and moxibustion) and pain (e.g., 
backache, shoulder pain, and joint pain). In principle, the cost of the 
medical treatment would be free of charge since the government bears the 
majority, with 10% of the medical expenses covered by the individual’s 
co-insurance. 

(2) Small- and medium-sized cities 

Small- and medium-sized cities usually include general public hospitals 
(approximately 500 beds), with specialists in each field and health 
prevention projects carried out in parallel. Meanwhile, it is crucial to 
legislate nurses’ medical practice scope if it is challenging to secure 
professional doctors. In addition, since emergency patients are challenging 
to reach, we should implement rural and remote island regions, a system 
for transporting patients by the Coast Guard or by hospital-based 
helicopters. 
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Moreover, it is crucial to expand public hospitals in small- and medium-
sized cities by introducing a local doctor system and increasing the 
number of beds. For example, a general hospital with more than 500 beds 
must be established in countries with no hospitals in small- and medium-
sized cities. In addition, public hospital operators should integrate their 
hospitals into university hospitals and local medical centers. 

(3) Local communities and villages 

Fig. 4.18 presents a healthcare system. General clinics that provide 
primary treatment should be established in local communities and villages. 
In this regard, the medical delivery system can be divided into large-, 
medium-, and small-sized cities, including local communities. 

Fig. 4.18. The healthcare system based on large-, medium-, and small-sized cities 
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4.4.7 Health resource mobilization 

At this point, a healthcare system can be established by analyzing and 
evaluating PLI and CLSS to predict SPBC. However, it is first necessary 
to mobilize/manage the national and local health and medical resources to 
realize this plan. The details of this process are as follows. 

(1) Input 

As shown in Fig. 4.21, input includes human resources, facility resources, 
information, and medical demand. However, if the country’s average LE is 
82 years old and the goal of living to 100 years of age is implemented, 
then we must include the following resources: 

 Healthcare human resources 

Medical personnel are employed, such as elderly health experts, caregivers, 
geriatric specialists, geriatric nurses, physical therapists dedicated to the 
elderly, clinical pathologists, geriatric psychiatrists, dentists, and 
cardiocerebrovascular specialists. 

 Specialized healthcare facilities 

Specialized healthcare facilities are nursing homes, geriatric hospitals, and 
health promotion and recreation centers for the elderly. In addition, we can 
build walking paths to promote the mental and physical health of the 
elderly. In some regions, everybody can access them 365 days a year. 

 Health finances 

We should secure the health finances of the elderly through national and 
local governments and social donations. We can even finance such 
resources through general taxation, loans, and consumption taxes. Although 
the insurance method is utilized in most cases, those in the low-income 
class have a limited ability to pay premiums. Thus, the tax approach is 
preferred. 

 Health information 

Health information is widely advertised and accessed through television, 
telephone, and broadcasting so that the elderly can use such information to 
improve their quality of life and health. 
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 Medical demand 

Medical demand can be divided into adults, the elderly, children, mothers, 
emergency patients, and infected patients. Hence, it is important to 
regularly check the supply and demand status of hospital beds, notify the 
public of blood supplies, and establish “central and local control towers” 
for immediate treatment of patients. By actively responding to such 
medical demands, LE and SPBC can be increased. 

(2) Management process 

The management process of health and medical resources can be divided 
into planning, organization, recruitment, command, and evaluation. The 
details are as follows: 

 Planning 

If an 82-year-old wants to achieve a healthy LE of 100 years, what type of 
planning process should they follow? In this case, the planning should 
naturally focus on maintaining a high quality of life with appropriate 
healthcare. At this point, let us briefly explain a health and medical plan 
that can directly affect LE. 

This plan should be based on the fact that the national government is 
responsible for public healthcare. For example, without asking how the 82-
year-old has lived thus far, the state or local government should establish a 
health protection system to achieve a healthy lifespan. In addition, when a 
disease occurs, a geriatric specialist must immediately initiate emergency 
measures, hospitalization, and medical treatment. Finally, a rehabilitation 
system must be in place that allows former patients to return to their daily 
lives. 

 Organizations 

Organizations should have a medical system that can adapt to changes in 
the health and medical environment, and make it easier for the elderly to 
access the healthcare system. Thus, prioritizing when an emergency 
patient arrives at a medical institution or hospital is the first thing. For 
example, cardiocerebrovascular patients must reach the hospital within 30 
minutes. In this regard, we should make policies to mobilize hospital-
based helicopters, ambulances, and private vehicles. 
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 Staffing 

Human resources should hire various specialists, nurses, and healthcare 
workers to provide treatment during emergencies. For long-term inpatients, 
caregivers and occupational therapists are necessary. Additionally, 
qualified senior life advisors should be appointed to provide helpful advice 
to the elderly after recovering from illness or disease. 

 Management 

Management focuses on improving the quality of life through diet and 
regular healthcare. For example, drinking water can be made by purifying 
tap water, and stores can stock bottled water for purchase. Such 
management can also prevent diseases in advance through periodic 
questionnaires, examinations, and biological samples. Meanwhile, exercise 
programs for the elderly can be promoted through walking activities and 
fitness centers. 

 Evaluation 

To ensure that the implemented plan is effective, it is crucial to conduct 
regular evaluations. Such evaluations should consider their strengths and 
weaknesses. In addition, the projects that need to be revised and 
supplemented can be based on the feedback of quantity and quality. 

(3) Output 

Output is the final part of the process that confirms the goal of achieving 
100 years of LE. The first step is to determine if the 82-year-old has made 
a short-term plan for living another ten years, i.e., the goal of 92 years of 
age. In other words, during this period, we can implement healthcare 
management to emphasize physical health through PLI and CLSS. 

The second and final step is to determine if it is possible to live beyond the 
age of 93 and reach the goal of 100 years of age. Hence, it is crucial to 
examine the individual’s medical history, including health promotion, 
physical exercise, and mental reflection based on the SEFs as mentioned 
earlier. Although this stage can be challenging to complete, it is a process 
whereby individuals can determine their SPBC according to certain SEFs. 
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Fig.4. 19. The process of resource mobilization and management for centenarians 
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(4) Output: A case study for SPBC 

SPBC (82) estimated in this book is shown in Additional File 1 (The 
Human Mortality Database, 2021). Globally, the country with the highest 
number of 82-year-olds who live to be 100 is still Japan. Next, is France, 
so if SEFs increase on the premise that other factors are constant, 
achieving this milestone on a global scale is possible. 

In addition, SPBC (90) estimated in this book is shown in Additional File 
2 (The Human Mortality Database, 2021). Globally, the country with the 
highest number of 90-year-olds who live to be 100 is still Japan. Next is 
Luxembourg. Therefore, we identified that if SEFs increase on the premise 
that other factors are constant, achieving SPBC is possible. 

Therefore, SPBC (82) and SPBC (90) are impacted by nine factors: GNI, 
SMDW, BSS, UP, GII, IUI, HEPGDP, SVPW, and FTMTS. 

We identified SPBC as impacted by nine factors (GNI, SMDW, BSS, UP, 
GII, IUI, HEPGDP, SVPW, and FTMTS). From a socioecological 
perspective, nine factors impact SPBC in those aged 82 and 90 years. 
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4.4.8 Assessment of the health level based on PLI and CLSS 

The assessment of the impact on SPBC and LE through CLSS and PLI are 
as follows (Fig. 4.22). 

First, it is necessary to determine whether reaching 100 years of age can be 
achieved. For example, if the LE is 82 years, extending the lifespan by 18 
years. Thus, it is crucial to evaluate how healthy the 82 years of age are 
and whether we can achieve the goal planning levels of SEFs every year. 

Second, we must conduct an evaluation every five years to determine what 
PLI and CLSS achieve levels of this goal. 

Next, after ten years, i.e., age 92, it is essential to determine whether the 
individual's health levels and illnesses during that period. In sum, this 
health assessment focuses on the physical aspects of PLI and CLSS. 

In addition, we must conduct a health impact assessment after the age of 
92. This can be done by reflecting on the PLI of one’s life and CLSS based 
on the SEFs as mentioned earlier. However, if the individual and CLSS 
aspects feel they have failed to reach this goal, it is crucial to analyze the 
problem, find the possible cause, and present an alternative to help meet 
the initial plan. 

Finally, we should conduct a field evaluation to achieve the overall goal of 
reaching 100 years of age. Since this evaluation is directly related to the 
life of the individual and health levels of countries, it can help reconfirm 
the final goal and the target quantity of SEFs in the process. 

Therefore, we can achieve humanity's goal of a 100-year-old healthy 
lifespan through improvements in the health in PLI and CLSS and the 
implementation of short- and long-term plans of SEFs. 

 
However, the following question is raised: What measures should be taken if we 
cannot achieve this goal? The response is to continuously revise and supplement 
the approach through feedback on the quantity and quality of SEFs. 

In addition, ultimately, if it is impossible to achieve the target quantity of SEFs, we 
can lower the target amount. However, due to the nature of healthcare 
characteristics, this is not desirable. In other words, it is vital to continue to aim for 
this goal despite the difficulties. 
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Fig. 4.20. Assessment of the health level based on PLI and CLSS 
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PART 5   

A SOCIETY WHERE PEOPLE LIVE TO BE 
CENTENARIANS 

 
 
 
Part 5 constitutes this book’s final position. Among the 39 countries 
evaluated, SEFs of SPBC (82) influence ranking the power (R2) of 
regression analysis is presented. In addition, conclusions and evaluations 
of these nine variables’ impact are presented. Specifically, this part 
illustrates interviews with 130 centenarians (ages 100 to 108), based on 
nine SEF indicators from an SPBC (82) perspective. Finally, Part 5 
presents a combination that drives the optimal result among the nine SEF 
factors. 
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CHAPTER 5 

IMPLICATIONS FROM THE INTERVIEWS  
WITH CENTENARIANS 

 
 
 
The previous chapter presented examples from PLI and country-local 
society support (CLSS), focusing on the significant SEFs discussed thus 
far. In a society where 100-year-olds live, determining the factors that 
affect their lifespan is crucial. Based on those findings, making 
recommendations on a national scale becomes possible. 

Therefore, Chapter 5 analyzes whether strong influence occurs when 
certain SEFs are combined and whether each country type has an optimal 
type of SEFs. Finally, the chapter presents the task and future direction of 
SEFs in SEPC (82). 

5.1 Ranking impact factors between SPBC (82) and SEFs 

We can confirm ranking the impacts of SEFs on the SPBC (82) in 39 
countries. The results are summarized in Table 5.1. 

For SPBC (82), BSS ranked first among the nine variables. It was 
followed by HEPGDP, IUI, FTMPS, SVPW, GNI, SMDW, UP, and GII. 
For their SEFs, the correlation was more significant than 47%, and the 
explanatory power of influence was greater than 22%. 

Among SEFs, the difference in correlation coefficient and influence (R2) 
between the leading BSS and lower GII was approximately 8%. Thus, 
these SEFs in SPBC (82) are equally important with almost no large gap. 
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Table 5.1. Ranking of impact correlations coefficient on the SPBC (82) 
and SEFs 

 

5.2 The SEFs affecting centenarians 

In this chapter, to confirm how the nine indicators of SEFs—influenced by 
the SPBC (82) in 39 countries—are implemented in the lives of 
centenarians, we synthesized interviews with 130 centenarians. We also 
confirm the application and utilization in the lives of the centenarians and 
provide implications. The reconstructed nine indicators of SEFs are 
introduced below based on the synthesis of interviews. 
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5.2.1 BSS 

Concerning the BSS of SEFs, we confirmed that in most of the centenarians 
we met, they faithfully practiced personal hygiene management as PLI 
throughout their lives until they became centenarians. In addition, they had 
experienced health promotion through the social welfare system of their 
countries. 

 

“There is a public bath within a few minutes’ walk from the residence. In 
some cases, you go to the local public baths with your family. When your 
family can't go together, a full-body bath service is available at least once 
a week with the help of the visiting caregiver at the Local Public Senior 
Welfare Center. 

If I were alone, I think this must have been difficult. 

Also, a visiting caregiver visits my house about once a week to do simple 
cleaning and prepare side dishes. I am always grateful. Without them, it 
would have been tough to even clean, let alone to wash or bathe. 

In addition, I set up notifications by entering the hygiene-related items on 
my phone on a weekly and monthly basis. For example, I usually record 
the days I go to the local public baths or the days my sanitation caregiver 
comes so that I don't forget. 

I am always happy and healthy because I have help with my hygiene.” 

 

The BSS is the first critical element among the nine factors of the SPBC 
(82). As highlighted in the interview, for the elderly with reduced mobility, 
caregivers have been visiting their private homes to assist with physical 
hygiene and housework. Thus, we could conclude that such from a PLI 
perspective and CLSS resulted from maintaining health care through BSS 
and increased the probability of reaching the centenarians. Therefore, the 
main factor in PLI appears to be the result of maintaining a healthy 
lifespan, especially among the centenarians with the support of CLSS. 
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5.2.2 HEPGDP 

Regarding the HEPGDP of SEFs, the centenarians we met were talkative 
and healthy at the time. However, various centenarians overcame severe 
diseases in their 80s. This instance is as follows. 

 

“Around age 80, I had a significant illness that required surgery. At the 
time, I thought I was going to die. However, I healed after the surgery, and 
I have lived healthily into my 100s. 

I had a friend who had a similar disease to me and had to give up surgery 
for financial or other reasons along the way, but all of them passed away. 
If I hadn't had the surgery then, I would have certainly died. 

As I was living, I saw several cases where some people around the age of 
80 or 90 gave up surgery in case of a disease that required significant 
surgery and died several times. 

I didn't do that, so I think that's why I'm still living.” 

 

 
HEPGDP is the second most crucial element among the nine factors of the 
SPBC (82). As highlighted in the interview, the probability of becoming a 
centenarian increased depending on whether significant surgery was 
performed or not. Thus, it confirmed that centenarians should support the 
economic power to overcome severe disease. 
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5.2.3 IUI 

Regarding the IUI of SEFs, the centenarians we met did not directly use 
the Internet but watched documentaries and movies through Internet TV 
with their families. 

 

“I don't use the Internet myself. Family members mainly use it at home. 
However, if I need something or have a question, my family often finds 
information and provides it. 

Most of the data is mainly about health. Recently, my grandson, who lives 
with me, saw a typical health-related study that I had misunderstood and 
corrected on the Internet. 

I also learned how to use hearing aids correctly through the Internet. 

I often watch Internet TV in my spare time because it is difficult to find 
broadcasts. I mostly enjoy watching historical documentaries. 

In addition, there is a community only for the elderly in the Internet space. 

My Internet skills are limited, but I meet my peers and juniors here, 
chatting and talking with each other and having a good time as if meeting 
and speaking at the senior center.” 

 

 
The use of the Internet enhances communication and facilitates the transfer 
of necessary medical information. Previous research by Kim & Kim (2016) 
has identified that the Internet is a significant factor in prolonging a 
healthy life expectancy. Consequently, Internet use is a significant factor 
influencing rank three in SPBC (82). In addition, necessary medical 
services and health information are variables that prolong healthy life and 
influence reaching the age of 100. 
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5.2.4 FTMPS 

Regarding FTMPS of SEFs, among the centenarians we met, those who 
have retained good hearing were living their lives happily while talking 
directly to family and acquaintances over the phone. 

 

"Because I am old, I have limited mobility, so it is difficult to meet my 
acquaintances or go to the Senior Center. In addition, the children live far 
away, so it isn't easy to see them except during the holidays. 

So, when I feel lonely, I tend to call my acquaintances or children and talk 
a lot. 

We mainly talk about small things such as news and jokes about each 
other's lives through the phone. However, after talking on the phone like 
this, they met in person and talked for a long time, which helped me 
mentally. 

Recently, I used the cell phone that my son gave me as a gift, and I also 
talked to my grandchildren." 

 

 
This interview suggests that communicating with friends and family over 
the phone can help improve the life satisfaction of centenarians. 
Furthermore, it confirmed that the chance of conversation disappears as 
the range of movement becomes narrower due to aging. The telephone is 
one of the excellent means to compensate for this. Furthermore, 
communication with individuals one likes can increase the probability of 
becoming a centenarian. 
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5.2.5 SVPW 

SVPW is a significant variable that increases personal income by creating 
added value per person concerning private gain. An increase in the income 
level bridges the gap in the health level of the elderly. Therefore, we can 
confirm that the added value of income improves the living satisfaction 
and health of the elderly. 

 

“The amount of crops produced by paddy fields of the same area has 
increased significantly over the past few decades. In addition, the price of 
agricultural products has risen considerably, resulting in a significant 
improvement in per capita farm household income. Thus, agricultural 
profits have also increased, and government support has been added. 

In the past, when I was unable to move, I just stayed at home or used a 
cane, but now I use an electric wheelchair to visit a nearby acquaintance's 
house or go directly to a Senior Center. 

Unfortunately, an electric wheelchair is not easy to buy with a government 
subsidy alone. However, the income of the farmhouse has increased so 
that the elderly can ride an electric motor. Thus, my mobility became more 
leisurely, so I started walking again, which I had never done before.” 

 

 
Since state support is inherently limited, an increase in individual income 
is an essential element. The increase in added value per capita eventually 
generated additional revenue for individuals, which, coupled with state 
support, increased the probability of maintaining a healthy life and 
becoming a centenarian. 
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5.2.6 GNI 

The GNI of SEFs confirmed that 80% or more of the 130 centenarians we 
met had income levels above the middle class. Here is a summary of their 
interviews regarding the income of centenarians. 

 

“I have not felt any financial burden in my life so far. I see myself as 
middle class. I am not rich, but I do not think that I am living a tough life. 
Children and other family members are living without difficulty. I don't 
drive, but I have a car for other family members to use when I need it. 

I have a fixed income, and I own quite some real estate, such as rice fields. 
In addition, I have a personal caregiver and can get help immediately, and 
I enjoy chatting with the caregiver or playing card games. If I had lived 
difficult life, I don't think I could have lived this long.” 

 

 
This case suggests that income is highly correlated with health, even 
regarding centenarians. Income is a significant variable in the health level 
gap due to unequal living standards. Conversely, if the income level is 
high, it can help pay for health costs and support a healthy life, thus 
elevating life satisfaction. 
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5.2.7 SMDW 

SEFs’ SMDW was an essential factor for the 130 centenarians interviewed. 
Interestingly, the majority of centenarians did not drink tap water and were 
mainly drinking bottled water. The following is a summary of their 
interview related to drinking water for centenarians. 

 

“In the past, we mainly used the town's underground water for drinking 
due to poor water supply. It's not that I didn't drink tap water, but I used 
to boil it all the time. As I remember, the underground water was 
spotless, and it is still clean. 

But these days, I heard that there is a sanitation problem, and I think it is 
cumbersome to use the underground water every time. 

So I buy cheap and convenient bottled water and drink it. Nowadays, we 
use bottled water for food, and we drink bottled water in almost every 
situation.” 

 

 
As seen in the interview, SMDW drank tap water and groundwater when 
young, but now they drink quality water. Moreover, unlike other 
beverages, bottled water can prevent excessive sugar and sodium intake. 
Through this, the survival probability of becoming a centenarian could 
have increased. 
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5.2.8 UP 

In SEFs, population urbanization was an essential factor. For centenarians 
in interviews, we have focused on the distance to reach general hospitals 
in case of emergency. Interestingly, the majority of 100-year-olds lived in 
the vicinity of public hospitals. Therefore, the discussion with centenarians 
related to urbanization is summarized as follows. 

 

“The nurse at the public health center frequently checks my health over the 
phone and visits me about once a week for a simple check-up, such as a 
blood pressure test. They also give a lot of health advice. 

I live in the city's suburbs. There is a general hospital where you can get 
medical services in at least 20 minutes by car. 

In the past, it wasn't easy to go to the hospital. Because the road was 
rough, I wouldn't have even thought of it. However, a newly paved road 
has opened as a straight street, and the distance to use the hospital is 
closer.” 

 

 
Urbanization of the population has advantages and disadvantages in terms 
of health. The advantage of urbanization is that a general hospital can 
provide appropriate treatment in an emergency close to home. In addition, 
because the health care system is well equipped, it is possible to receive 
health checks and use medical services in an emergency. Therefore, we 
suggest that higher the UP and proximity to the hospitals, higher is the 
SPBC. 
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5.2.9 GII 

A majority of the 130 centenarians were interviewed regarding gender 
discrimination and their experiences throughout their lives. Centenarians 
did not experience gender discrimination in their youth in the past or had 
overcome gender discrimination in their lives. The following is a summary 
of their interview related to gender discrimination of centenarians. 

 

“Our family has never experienced gender discrimination. 

Although it was a patriarchal family, we shared the household chores 
and helped each other instead of ‘what men do’ or ‘what women do.’ We 
enjoyed working together, earning money, and doing business together. 

We think we have lived a happy life while acknowledging the different 
aspects of our lives.” 

 

 
It is important to note that women’s equal access. Economic participation 
in society can increase household income and promote health and welfare. 
If such involvement increases SPBC, it indirectly affects public health 
because that healthcare expenditure can gain by increasing its GDP in the 
short-to-medium term. 
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5.3. Humans can live 100 years based on PLI and CLSS 
for SEFs 

The centenarians have overcome the onset of diseases throughout their 
lives and have reached the milestone of 100 years of age in relatively good 
health. Therefore, from a micro perspective, physical and mental health 
had been maintained through PLI, whereas from a macro perspective, they 
have been maintained social health through CLSS. 

A society in which humanity lives to 100 years based on PLI and CLSS in 
SEFs is shown in Fig. 5.1. For instance, the (+) direction of the X-axis 
represents the extension of a healthy lifespan by promoting physical and 
mental health. However, the X-axis’s negative ( ) direction represents 
poor physical and psychological health due to insufficient PLI. In addition, 
it assumes that the (+) direction of the Y-axis represents the extension of a 
healthy lifespan through CLSS promotion and healthy social life. Conversely, 
the Y-axis's negative ( ) direction refers to poor social health due to 
insufficient CLSS. 

First, suppose that the PLI on the X-axis maintains a positive (+) direction, 
while the CLSS on the Y-axis also continues in a positive (+) order. In this 
case, the people's health level is (1) [Healthy]. 

Second, suppose that the Y-axis moves in a positive (+) direction because 
the people's social health level is maintained with good CLSS. Hence, the 
Y-axis moves in a positive (+) approach, but the X-axis moves in a 
negative ( ) direction. In this case, the people's health level is (2) 
[Moderate]. 

Third, suppose that the X-axis moves in a positive (+) direction, but the Y-
axis moves in a negative ( ) focus due to the lack of CLSS. In this case, 
the people's health level is (4) [Moderate]. 

Finally, suppose that all of the lines on the XY-axis move in the negative 
( ) direction due to insufficient CLSS and PLI. In this case, the people's 
health level is (3) [Unhealthy]. 

These findings indicate that only continuous and sufficient CLSS and PLI 
can contribute to SPBC. Additionally, it is possible to overcome the 
intermediate health levels of (2), (4) [Moderate] with sufficient PLI and 
CLSS. But the overall goal is to achieve a healthy level of (1) [Healthy] to 
reach 100 years of age. 
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Fig. 5.1. Relationship between PLI, CLSS, and health 
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5.4 Impact when combined with SEFs in SPBC (82) 

5.4.1 GNI, UP, and SMDW 

The influence of SMDW alone on SPBC (82) is 23.4% (see Table. 5.1). 
However, when combined with GNI and SMDW, it has a 33% impact. 
When combined with UP, SMDW increases to 35% (Table 5.2). Thus, we 
should develop policy alternatives to increasing SPBC (82) according to 
the SMDW and other SEFs such as GNI, UP, and SVPW. 

Table 5.2 Multiple regression models of predicting the SPBC (82) and 
SEFs 

 

Figure 5.2.1 shows the effects of UP and GNI on SPBC (82), while Figure 
5.2.2 shows the impact of UP and SMDW on SPBC (82). Countries with a 
high SPBC (82) for SMDW generally receive 100% of their drinking 
water from safe and sanitary water sources. Conversely, in countries with 
low SPBC (82), 70% of the drinking water supply comes from clean water 
sources. 

UP is a variable with an influence of 35% (R2 = 0.352) when combined 
with SMDW and up to 49% when combined with BSS and FTMPS (Table 
5.2, 5.5). Population urbanization is a major socio-ecological factor that 
increases the probability of survival to 100 years when combined with 
other SEFs with a healthy lifespan. 
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Fig. 5.2.1 Relationship between GNI and UP in SPBC (82) 
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Fig. 5.2.2 The relationship between SMDW and UP in SPBC (82) 
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5.4.2 BSS, SVPW, and UP 

The influence of the BSS alone on SPBC (82) is 31% (see Table. 5.1). 
However, when combined with GNI and FTMPS, it has a 40% impact 
(Table 5.3). Furthermore, when combined with HEPGDP, it increases to 
41%; and IUI, UP, and SVPW increase to 42% (Table 5.3). Thus, we 
should develop policy alternatives to increasing SPBC (82) according to 
the BSS and other SEFs such as GNI, FTMPS, HEPGDP, IUI, UP, and 
SVPW. 

Table 5.3 Multiple regression models of predicting the SPBC (82) and 
SEFs 

 

Figures 5.3.1 and 5.3.2 present the results of increasing SPBC (82) by 
increasing BSS, HEPGDP, BSS, and SVPW in SEFs. In the case of BSS, 
if HEPGDP and SVPW are raised, we can extend a healthy lifespan, the 
quality of life can be increased, and people can become centenarians. 
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Fig. 5.3.1 Relationship between BSS and HEPGDP in SPBC (82) 
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Fig. 5.3.2 Relationship between BSS and SVPW in SPBC (82) 
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5.4.3 HEPGDP, FTMPS, and IUI 

The influence of HEPGDP alone on SPBC (82) is 29.6% (see Table 5.1). 
However, when combined with SVPW and SMDW, it exerts an influence 
of 38%; and when combined with UP and GII, it increases to 40% (Table 
5.4). When combined with IUI and FTMPS, it increases to 43%; and when 
only combined with FTMPS and IUI, it rises to 44% (Table 5.4). 

Therefore, again, policy alternatives aimed at increasing SPBC (82) should 
include both HEPGDP and other SEFs such as UP, GII, IUI, and FTMPS. 

Table 5.4 Multiple regression models of predicting the SPBC (82) and 
SEFs 

 

Figure 5.4 indicates that—as a result of analysis in 39 countries—the 
elderly who reached centenarians had low GII and high HEPGDP. 
Consequently, they had increased SPBC (82) and became centenarians. 
Therefore, if GII is low and HEPGDP can raise, the elderly’s healthy 
lifespan can be extended, their quality of life can improve, and their 
probability of reaching 100 can increase. 
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Fig. 5.4 Relationship between GII and HEPGDP in SPBC (82) 

5.4.4 FTMPS, BSS, IUI, UP, and HEPGDP 

The influence of FTMPS and BSS on SPBC (82) is 40% (see Table 5.3). 
However, when combined with FTMPS and UP, it exerts an influence of 
49% (Table 5.5). When combined with IUI, it increases to 50% (Table 5.5); 
and when only three combined with FTMPS, IUI, and HEPGDP, it rises to 
53% (Table 5.5). Thus, again, policy alternatives aimed at increasing 
SPBC (82) should not only include FTMPS and BSS but other SEFs such 
as UP, GNI, IUI, and HEPGDP. 
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Table 5.5 Multiple regression models of predicting the SPBC (82) and 
SEFs 

 

Figure 5.5 shows that the elderly who became centenarians in 39 countries 
increased SPBC (82) when FTMPS and IUI were high, HEPGDP was 
high, and the highest effect (R2 = 52.8).  

In other words, the most excellent synergistic effect was shown when 
FTMPS, IUI, and HEPGDP were combined. If the ratio of FTMPS and 
IUI increases in terms of PLI, and the percentage of HEPGDP is rising in 
terms of CLSS simultaneously, improve the quality of life and increase the 
probability of reaching centenarians. 

Therefore, it is necessary to consider the selective strategies of SEFs to 
achieve SPBC (82) for each country type, which is as follows. 

Developed countries with high GNI need to strengthen information and 
communication factors such as FTMPS and IUI. However, countries with 
low GNI should select and implement elements that solve the most basic 
drinking water and sanitation problems, such as SMDW and BSS. 
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For example, high-ranked influences in the SPBC (82) are sanitation, 
telephony, and the Internet. However, basic sanitation and drinking water 
do not emerge as issues in developed countries. However, it is a significant 
factor in underdeveloped countries that we must address first to extend a 
healthy lifespan. 

 

Fig. 5.5 Relationship between IUI and FTMPS and HEPGDP in SPBC (82) 
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5.5 Summary: Impact of SEFs on SPBC (82) 

The primary issue of this book focuses on the human potential to become 
centenarians. From SEFs, nine variables of PLI and CLSS influence SPBC 
(82). It is crucial to select and implement the appropriate variable for each 
country in consideration of the influence of the nine variables. 

First, however, it is essential to grasp the current reality of each country. 
By estimating the ISS from birth to life expectancy, each country's current 
situation and expected age level are identified. Then, two or more 
influential factors that can overcome this are selected and implemented. 

Following this, each country's life expectancy is analyzed according to the 
estimation formula of ISS, and the most influential variable is decided and 
executed by selecting two or more of the nine variables that influence 
reaching 100 years of age. 

Each country sets goals for a healthy lifespan. Each country's health care 
plan is established, implemented, evaluated, and analyzed in the short and 
long term. Through annual feedback, the degree of achievement of the 
estimated healthy life expectancy is checked. The accomplishment of 
continuous goal correction and long- and short-term performance will be a 
society in which humanity will live to be 100 years old. 
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COMPLETING THIS BOOK  
 
 
 

From prayers to the gods to making artificial organs, the origins of human 
longevity have been continuously developed. The SFEs of longevity are 
like living organisms. Various factors identified will become more critical 
in the future.  

Some will remain important for an extended time, and others will become 
less important. The Internet, which could not be considered a factor of 
longevity 100 years ago, has become one of the most closely related to 
longevity. It suggests that for humanity 100 years from now, unknown, 
unimaginable factors may emerge as new longevity factors.  

In addition, it will be a critical study for society to identify the factors for 
longevity in the present age. Because each SEFs does not arise suddenly 
one day but occurs through gradual evolution, like a smoke signal changes 
to a telegram, a telegram to a telephone, and a phone to a mobile phone.  

Therefore, if you recognize the current SEFs, predict prediction, and 
prepare for future changes, it will provide a remarkable gift of longevity to 
the future development of human civilization. This book is intended to 
help us determine, from an international perspective, previously vague 
factors of longevity, how they influence human life, and how we may use 
them now and in the future.  

Finally, I wish all readers a healthy and happy voyage beyond the age of 
100, and I hope that this book will be helpful by your side. 

Author, Professor, JONG IN KIM, PhD 
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