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Abstract

Background: The decline in global and between-country health inequality is a major challenge to overcome.
However, few studies have systematically investigated the relationship between inequality of health stock and
national wealth. From an economic perspective, health can be viewed as a durable capital stock that produces an
output of healthy time. Therefore, in this paper, we focused on health capital to investigate the relationship
between inequalities of national health and national wealth.

Methods: Based on health stock data from 1990 to 2015 for 140 countries, we estimated Gini coefficients of health
stock to investigate associations with a well-known economic flow indicator, Gross Domestic Product (GDP), stock-
based national wealth indicator, Inclusive Wealth Index (IWI), and firm-level net income.

Results: The estimated Gini coefficient of global health stock shows that health stock has experienced a global
decline. The Gini coefficient for low-income countries (LICs) showed the fastest decline in health stock, dropping
from 0.69 to 0.66 in 25 years. Next, rapid population growth and the rise in the youth share of the working-age
population in LICs were most likely contributing factors to the decline in inequality. Most countries that
experienced positive health stock growth also indicated a strong positive relationship with GDP and IWI. However,
some countries showed a negative relationship with natural capital, which is a part of IWI. In addition, firm-level net
income showed no obvious associations with health stock, GDP and IWI.

Conclusions: We argue that a negative relationship between health stock and natural capital is a sign of unstable
development because sustainable development involves maintaining not only GDP but also IWI, as it is a collective
set of assets or wealth comprising human, produced and natural capital. Moreover, in our analysis of firm-level
income data, we also discuss that income will be influenced by other factors, such as innovations, human
resources, organization culture and strategy. Therefore, the paper concludes that health stock is a vital component
in measuring health inequality and health-related Sustainable Development Goals (SDGs). Thus, IWI is more
comprehensive in measuring national wealth and can complement GDP in measuring progress toward sustainable
development.
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Background
Health stock is a concept from the health economics lit-
erature pioneered by Michael Grossman [1, 2]. The
Grossman model is widely used to explain how health is
produced and viewed as a durable capital stock that pro-
duces an output of healthy time; each individual is

regarded as both a producer and a consumer of health.
Health is treated as a stock which degrades over time in
the absence of “investment” in health [3, 4]. This model
also states that the individual inherits an initial amount
of stock of health capital that can depreciate with age or
be increased through investment [5–7]. In Grossman’s
framework, an individual is assumed to inherit an initial
stock of health. However, the accumulation of this stock
depends on the entire history of past resources, behavior
and consumption. Therefore, health stock may grow, de-
cline, or remain constant over time. For instance, health
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stock will decline with age and can be increased with in-
vestment in one’s health, such as by purchasing prevent-
ive and curative medical care [6].
Inequality of health stock in a nation would signal an

unsustainable economy. Several studies have highlighted
that accounting for health capital stock is important to
achieving sustainability because health stock is a vital re-
source to sustain human well-being, which is usually
represented by national wealth indicators. For instance,
Arrow et al. [8, 9] and UNU-IHDP and UNEP [10, 11]
highlighted the importance of health stock as a vital
component of global sustainable development that
should be consistently included as a stock base in meas-
uring national wealth and sustainability. Furthermore,
Ikeda et al. [12] in Japan found that health capital has
significant impacts on regional sustainability. Further-
more, the increment of health stock indicates a positive
signal for sustainability [13]. From the perspective of
policy debates, improving health is both a benefit of and
a prerequisite for achieving Sustainable Development
Goals (SDGs) [14, 15]. According to the trend, inequality
in health stock and its relation to national wealth must
be analyzed, particularly in contributing to SDG 3 and
10, which focus on healthy lives and well-being, and on
inequality. In addition, we could reduce the efforts to
measure economic indexes related to national wealth for
policymakers if health stock was a vital sign of an unsus-
tainable economy.
In this study, we focused on the Inclusive Wealth

Index (IWI) as the newest indicator of national wealth,
which includes the value of health stock. IWI undoubt-
edly stands out as one of the most promising endeavors
among recent high-profile new indicators of national
wealth that leads to sustainability [16]. In the framework
of IWI, at its minimum, sustainability requires the sim-
ultaneous preservation not only of human capital, com-
prising education and health but also of produced
capital related to manufactured assets such as roads and
machines, and natural capital involving forests and fossil
fuels [17]. Moreover, health as a capital stock can be
measured using a method initiated by Arrow et al. [13];
that is, the amount of health stock can be measured by
calculating the total discounted years of life expectancy
in a national population.
The IWI framework also highlighted several prominent

issues. First, the environmental and natural ecosystem in
wealth accounting is important [18]. Hence, a country
must maintain nondeclining welfare over time by includ-
ing natural capital in measuring capital stock or wealth to
maintain a sustainable path. The second important issue
is global responsibility and the effect of the individual on
achieving sustainable development worldwide [19]. In this
study, IWI is defined as the sum-value of a country’s cap-
ital asset stock (including produced, human and natural

capital). In this regard, the associated economic theory
states that development is sustainable if this sum-value
does not decline through time [20, 21] and that each cap-
ital is evaluated based on its shadow price [10–12]; this
notion is based on studies using IWI as a measurement to
assess sustainability development and wealth in global,
country and regional settings. Thus, the use of IWI to
measure the relationship between health stock and socio-
economic status (SES) along with GDP provides a more
complete picture of inequality in contemporary societies
across the world [11].
To date, several studies have compared health inequal-

ity among different countries, taking into account as-
pects such as SES or national wealth. For instance, a
study by Palafox, McKee and Yusuf [22] measured the
patterns of wealth-related health inequalities in term of
awareness, treatment and control of hypertension in 21
countries. In addition, a study by Houweling et al. [23]
measured health inequality in maternal and child health
in 43 countries and investigates the relation of SES to in-
equalities. However, limited studies are available on
health stock and its relationship to national wealth (both
GDP and IWI) and firm-level net income, information
that appears difficult to obtain but could be an alterna-
tive indicator of national wealth. Therefore, understand-
ing the relationship between health, national wealth and
firm-level net income could produce important policy
implications for sustainable development, related to
SDG 3 and SDG 10. Looking beyond GDP and adopting
IWI by tracking the evolution of the stocks of produced
capital, natural capital, and human capital over time will
help guide policymakers in their decisions relevant to
sustainable development. Hence, this research contrib-
utes to the formation of criteria for health-related
sustainability.
In this study, as the proxy of firm-level sustainability

and to identify the effect of health stock on it, firm-level
data were used comprising firm-level net incomes of 136
countries that had survived for over 100 years and
achieved sustainability. The use of firm-level data allowed
us to overcome the limitations of aggregate data and avoid
differences or changes in macroeconomic factors [24, 25].
The remainder of the paper is organized as follows.

The next section describes the methodology and dataset
used to model the health stock and the measurement of
health inequality in health stock using the Gini coeffi-
cient. The fourth presents the results of the empirical
analysis. The last section provides summaries and dis-
cusses the implications of this study in terms of how the
SDGs can be achieved.

Methods
Before measuring inequalities in health, we explain why
we use the method proposed by Arrow et al. [8] to
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calculate the amount of health stock for 140 countries
from 1990 to 2015. Unlike commonly used indicators,
e.g., life expectancy at birth or Body Mass Index, this in-
dicator is supported by rigorous economic theory to rep-
resent the capital form of human health, that is,
monetarized indicators. Moreover, the monetarizing
process allows for a comparison with other type of cap-
ital, such as manufactured capital, natural capital, even
GDP. Using this method, the amount of health stock can
be calculated using total discounted years of life expect-
ancy for each age group in a country’s population. Note
that to monetarize health stock we multiply the amount
of health stock and the value, or shadow price, which
couldn’t be observed in the market. Therefore, we need
to estimate the shadow price and use the value of an
additional year of life, the value of statistical life (VSL),
as a basement of the shadow price, though the shadow
price is assumed to be constant for each country during
our estimated period.1 We briefly explain this applica-
tion because we used the health stock data calculated in
and more detailed descriptions are available in Jumbri
et al. [13].
We now explain how to calculate the amount of health

stock. Let π(a) be the proportion of people of age a,
conditional probability density, f (T), resulting from
computing the probability density that someone born
will die at age T, and the corresponding cumulative dis-
tribution at age a, F(a). The conditional probability
density of death at age T, given survival to a, f(T| T ≥ a)
can be represented as follows:

f T jT ≥að Þ ¼ f tð Þ
1−F að Þ

We assume that δ is a constant discount rate for fu-
ture survival years and the value of additional survival
years is not correlated with age. We also assume that all
individuals would die before the age of 100 due to data
availability.2 The amount of health capital stock per
capita at age a, H(a), can then be calculated as follows:

H að Þ ¼
X100

a¼0
π að Þ

�
X100

T¼a

f T jT ≥að Þ
XT−a

t¼0
1−δð Þt

� �( )

Subsequently, the total amount of health stock can be

calculated by summing it up as
P100

a¼0 HðaÞ in the total
population of a country. The data on the probability of
death at age t, f(t) by five-year age intervals, are obtained
from the life tables, which include the number of people
dying between ages x and x + n in each year from 2000
to 2015. The data for the years 1990, 1995, 2000, 2005,
2010 and 2015 were available from the database of the
country-level life tables of WHO (http://apps.who.int/
gho/data/node.imr. LIFE_0000000032?lang = en). We
impute missing data of the probability of death at each
age group by linear interpolation in 1990–1994, 1996–
1999, 2001–2004, 2006–2009, and 2011–2015. The rest
of data we then need is π(a). We use the total popula-
tion (both sexes combined) by five-year age groups for
each country for the years 1990–2015. The data are
available from the United Census Bureau (https://www.
census.gov/population/international/data/idb/region.
php).
Next, based on the health stock data, global and re-

gional health inequalities in health stock were measured
using the Gini coefficient. The Gini coefficient or abso-
lute Gini index is defined as twice the area between the
Lorenz curve and the diagonal line, multiplied by the
mean value of the variable of interest [27]. In this study,
we measured the health stock Gini coefficient based on
the true Lorenz curve as applied by Le Grand (1987).
The Gini coefficient was calculated for each year based
on each country ranked from the worst to the best level
of the variable and weighted by the size of the popula-
tion of the country. The Gini coefficient ranges from 0
to 1, which represents perfect equality, with 1 indicating
perfect inequality [28], using the following formula:

G ¼ 2
XT

t−1

μt � f t � Rt−μ;

where G is the Gini coefficient, μ is the mean value of
the variable, T is the number of countries (140 coun-
tries), μt is the value of the variable (health stock) in the
tth country, ft is the country’s population share, and Rt is
the relative rank of the tth country ranked from worst to
best level of health stock.
We explain data sources and other details in our ana-

lysis of inequality and national wealth. The publicly
available data on GDP, working-age population from
ages 15 to 64, mortality rate, fertility rate, life expectancy
and total population were retrieved from the World

1This assumption is popular due to the data availability of VSL.
Specifically, we used the values of VSL only in 2000, as estimated in
Viscusi and Joseph [26].
2This assumption may fail to access the variations in health stock in
developed countries because people over age 100 are significantly
found in these countries. However, this assumption could simply
compare national health stocks under the conditions of data
availability of national life tables in 140 countries. Therefore, we leave
this problem of requiring an elaborated estimation of health stock in
developed countries to a future study.
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Bank online open data database (https://data.worldbank.
org). Inclusive wealth data (1990–2014) were obtained
from Managi and Kumar [18]. The net income of the
firm-level data from countries that had survived for
more than 100 years and already achieved sustainability
was taken from Oshika and Saka [29] to analyze the
trend in health stock. However, due to data limitations,
out of 136 countries, only 43 were used for analysis as a
proxy of the firm’s sustainability from 1990 to 2010.
Last, Pearson’s correlation coefficient was used to meas-
ure the relationship between growth in health stock and
national wealth (GDP, IWI and firm-level net income).

Results
Global health stock inequality (1990–2015)
The overall trend in health inequalities in terms of
health stock declined globally from 1990 to 2015, as il-
lustrated in Fig. 1. The increase in global life expectancy
helped reduce global health inequalities [30]. Moreover,
on the global average, the trend in life expectancy at
birth has risen steadily over time [31]. Social factors such
as economic growth, technology, reduced inequalities,
knowledge of and investment in public health and health
systems are also contributed to the decline in global
health inequality [32].
However, the average Gini coefficient (0.846) indicates

that inequality in global health stock remains relatively
widespread (Fig. 1). This is because even though enor-
mous improvements in health have been made in the
last century, particularly in its last half (from the 1950s
to 2000s), developing countries benefited unequally.
These countries continue to have high mortality rates,
while some countries are plagued with the burden of ill
health, including infectious and parasitic diseases [33].
Furthermore, although the health conditions of the

population generally showed a positive trend globally,
healthcare inequalities still exist, especially in poor and
developing countries. In many cases, inequalities have
spread between countries or between regions and social
or ethnic groups within the same nation. For example, it
is reported that most of nearly 104 million children aged
6 to 59months worldwide were underweight in 2010,
and the majority of these (65 million children) lived in
Sub-Sahara Africa (SSA) and South Asia [34]. These re-
sults are also consistent with a study by the Global Bur-
den of Diseases, Injuries, and Risk Factors Study (GBD)
2015 Healthcare Access and Quality Collaborators [35].
That study, based on the Healthcare Access and Quality
Index (HAQ Index), showed that nearly all countries
and territories saw their HAQ Index values improve;
nonetheless, the difference between the highest and low-
est observed HAQ Index was larger in 2015 than in
1990 [35].

Regional and income group
Table 1 lists the changes in the Gini coefficient by re-
gion. All countries were categorized into six regions: Af-
rica, Asia, Europe, Latin America and the Caribbean
(LAC), North America and Oceania. The average Gini
coefficient across 140 countries over the 25 years was
0.846. Europe was the region with the highest average
Gini coefficient over the sample period, at 0.849. This
indicates that European countries face health inequalities
within their population. At the start of the twenty-first
century, all European countries faced substantial in-
equalities in health within their population [36]. Thus,
under Health 2020, the European health policy frame-
work and strategy for the twenty-first century aims to
improve health for all and reduce health inequalities

Fig. 1 Gini coefficient of health stock among 140 countries (1990–2015)
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through improved leadership and governance of health
[37].
According to Table 1 above, LAC showed the highest

percentage growth of the Gini coefficient by 2.8% from
1990 to 2015. Based on the analysis (see Table 2), LAC’s
working-age population was the second largest (an in-
crease of 72.4%) after Africa (an increase of 100%) from
1990 to 2014, which could be one of the factors contrib-
uting to the highest percentage growth of the Gini coef-
ficient. In addition, there are three different country
profiles in the LAC region [38]. The population of the
first group of countries was considered young at the ini-
tial phase of the demographic and epidemiological tran-
sition, including countries such as Bolivia, Guatemala,
Haiti and Honduras. The second group of countries, in-
cluding Brazil, Colombia, Peru and the Dominican Re-
public, were at an intermediate level of transition, where
the total fertility rate and the death rates were declining,
but still had a large proportion of the young population.
The third group of countries included aged societies, ad-
vanced in the demographic transition, with fertility rates
below replacement levels, such as Cuba, Uruguay and
Costa Rica. Overall, in the sample period, most LACs
had a large proportion of youths contributing to the
working-age population (aged 15 to 64).

Overall, in most groups by income countries, inequal-
ities have decreased. Figure 2 shows that the Gini coeffi-
cient of health stock declined rapidly from 1990 to 2015,
especially for LICs, and declined slowly in lower-middle
income countries (LMICs) and upper-middle income
countries (UMICs). The Gini coefficient for LICs indi-
cated steadily decline, from 0.69 in 1990 to 0.66 in 2015.
From the analysis (see Fig. 3), the working-age popula-
tion (an increase of 108.6%) and growth in life expect-
ancy at birth (an increase of 19.2%) in LICs were most
likely the contributing factors to the decline in inequal-
ity. LICs, particularly for SSA, have the world’s highest
youth population growth rate (nearly 20% of SSA’s total
population) and the highest share of youth in the
working-age population [39]. SSA alone is likely to ac-
count for nearly two-thirds of the growth in the world’s
working-age population between 2015 and 2050 [40].
Although fertility trends showed that SSA experienced

an extremely slow decline in fertility compared to other
regions of the world, SSA fertility rates remain high,
which could lead to high youth dependency [41, 42].
With more than one-third of the total population aged
10 to 24, this large number of young people represents
an opportunity to accelerate economic growth and re-
duce poverty. SSA could also obtain benefits from a

Table 1 Gini coefficient of health stock in 1990 and 2015, and change over time by regions

Regions Number of countries 1990 2015 Change 1990–2015 Average 1990–2015

Global 140 0.853 0.846 −0.007 0.846

High-Income Countries (HICs) 42 0.781 0.769 −0.012 0.776

Upper Middle Income Countries (UMICs) 35 0.871 0.863 −0.008 0.866

Lower Middle Income Countries (LMICs) 37 0.871 0.866 −0.005 0.841

Low Income Countries (LICs) 26 0.692 0.660 −0.032 0.675

Africa 37 0.859 0.834 −0.025 0.846

Asian 37 0.782 0.762 −0.020 0.772

Europe 35 0.848 0.851 0.003 0.849

Latin America and Caribbean (LAC) 25 0.565 0.593 0.028 0.567

North America 2 0.054 0.031 −0.023 0.043

Oceania 4 0.739 0.766 0.027 0.749

Table 2 Median percentage growth (%) (1990–2014)

Regions Health
Stock

GDP IWI Working age
population

Mortality
Rate

Fertility
rate

Life expectancy at
birth

Total
population

Worldwide 30.6 120.9 61.1 50.1 −62.1 −35.5 8.4 27.6

Africa 84.2 192.3 36 100 −45.9 −23.3 8.9 92.3

Asia 62.4 273.6 73.5 67.9 −67.0 −44.7 8.4 60.8

Europe 19.1 34.5 38.7 5.5 −63.4 −16.4 7.6 23.2

Latin America and the Caribbean
(LAC)

53.1 199.1 102.6 72.4 −60.3 −32.7 8.7 51.7

Northern America 26.7 78.2 46.1 28.9 −35.8 −11.9 5.2 26.1

Oceania 55.3 96.3 24.5 66 −26.7 −19.6 7.3 59.8
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significant demographic dividend if SSA made the right
investments in the current and future generation. Further-
more, according to World Health Statistics 2014, LICs
have made the greatest progress, with an average increase
in life expectancy of 9 years from 1990 to 2012 [43].

Association among inequality and other statistics
In this study, we also measure the relationship between
health stock growths and other national wealth statistics.
Referring to Table 3 (see Appendix) and Fig. 4, most
countries showing positive growth in health stock also
saw a positive relationship with the GDP and IWI. This

indicates that the country’s growing health stock influ-
ences the growth of GDP and IWI. Previous studies have
shown that an increase in health is associated with rising
national wealth. For instance, the world has experienced
impressive improvements in wealth and health, the
world’s real GDP per capita having increased by 180%
from 1970 to 2007 and accompanied by a 50% decline in
the infant mortality rate [44]. On the other hand, the ex-
pectation for the relationship between a country’s wealth
and health is affected by economic growth, which im-
proves the population’s health [45, 46]. Results in this
study show that health stock also contributed to a strong

Fig. 2 Gini coefficient categorized by income groups (1990–2015)

Fig. 3 Median percentage growth by regions and income groups (1990–2014)
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positive relationship with GDP and IWI, or vice versa.
We should note that some countries did show a negative
relationship between health stock growth and natural
capital as part of IWI (Fig. 5), although their GDP
yielded a strong relationship with health stock.
Last, we try to investigate the main factors contribut-

ing to the growth of health stock. Countries with greater
health stock had a strong positive relationship with the
working-age population (see Fig. 6). Therefore, growth
in the working-age population had a positive impact on
health stock or vice versa. On this point, several studies
showed that a change in the amount of working-age
population can have a large impact on economic growth.
For instance, the aging population in countries such as
Japan means that a relatively smaller cohort of the
working-age population will slow Japan’s economic
growth unless there is a substantial rise in productivity
and per capita output [47]. In East Asia, the shift in age
structure resulted in the working-age population grow-
ing between 1965 and 1990 at nearly 10 times the rate
of the dependent population, contributing to rapid eco-
nomic growth. These countries successfully shifted their

age structures to obtain a boost in economic productiv-
ity, known as the demographic dividend [48]. In 1990,
67% of the population in East Asia comprised the
working-age population. With an increase in working-
age share, countries stand to benefit from a proportional
increase in the pool of potential workers in the econ-
omy, and thus per capita income can increase [49, 50].
Based on firm-level analysis (Fig. 7), we found that

countries’ trend of median net income growth was not
influenced by the median growth of health stock from
1990 to 2010; for instance, in 1996 and 2002, even
though the firm’s median net income showed increases
1.16 and 1.22% respectively. At that time, however, me-
dian health stock, GDP and IWI showed no obvious
changes, although the decrease in the line of Log Net In-
come in 1999 was due to temporary world economic cri-
ses caused by the Asian and Russian Currency Crises.

Discussion
In this study, we used stock-based health capital and the
Gini coefficient to measure health inequality. We pre-
sented global health stock inequalities for 140 countries

Fig. 4 Scatterplot matrix median health stock, GDP and total inclusive wealth, 140 countries
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from 1990 to 2015. We also analyzed the inequality of
health stock in relation to national wealth (both GDP
and IWI) and provided a firm-level net income analysis.
Based on our analyses, even though relative global health
inequality declined from 1990 to 2015, the average Gini
coefficient indicates that inequality in global health stock
is still relatively widespread. This result shows that
measuring health stock using the capital approach and
the Gini coefficient can be used to reveal health inequal-
ity. The median health stock increased by 30%, and 122
of 140 countries representing 86.4% of our sample
showed increases in health stock growth between 1990
and 2015. The results also showed that health stock con-
tributed to a strong positive relationship with GDP and
IWI. However, some countries indicated a negative rela-
tionship between health stock and natural capital, which
is part of IWI, even though the GDP of those countries
yielded a strong positive relationship with health stock.
A negative relationship is a sign of unsustainable devel-
opment because sustainable development involves not
only maintaining GDP but also IWI, as it is a collective
set of assets comprising human, produced and natural
capital [8, 51]. In particular, we can confirm the import-
ance of monitoring changes in health stock from 12

countries which showed a negative relationship of health
stock to both GDP and IWI: Poland, Slovenia, Japan,
Hungary, Guyana, Romania, the Russian Federation,
Albania, Estonia, Bulgaria, Lithuania, and Latvia (see Ap-
pendix). These findings support the usefulness of health
stock and IWI as important components of and indica-
tors for judging national sustainability. Once economists
and researchers in the social sciences recognized the
problems involved in using GDP as the sole measure of
well-being or economic welfare, alternative policy-
making measures were developed and promoted starting
in the early 1970s [52]. Therefore, health stock should
be consistently included in IWI, which could comple-
ment GDP as an important instrument to measure pro-
gress toward sustainable development.
In a detailed regional analysis, the Gini coefficient of

health stock declined rapidly from 1990 to 2015, espe-
cially for LICs, and declined slowly in LMICs and
UMICs. Based on our analysis, rapid population growth
and a higher share of youth in the working-age popula-
tion of LICs were most likely contributing factors to the
declining inequality. However, all this growth can gener-
ate a virtuous circle of prosperity and opportunity if all
parties work together on the improvement, development

Fig. 5 Relationship between health stock growth (%) and log natural capital, 140 countries
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Fig. 6 Relationship between health stock and working-age population, 140 countries

Fig. 7 Log of median growth of net income (firm-level), GDP, IWI and health stock, 43 countries (1990–2010)
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and implementation of a policy coherent with sustain-
ability development. For instance, LICs can draw from
the Asian Tigers in terms of how to harness the demo-
graphic dividend for accelerated economic growth and
social transformations and achieve the SDGs.
This study also examined the impact of health stock

on net income at the firm level. We found that firms
that have already achieved sustainability are not influ-
enced by a country’s health stock but probably by other
factors, e.g., innovations, human resources (employees),
organizational culture and strategy. TenHaken [53] pos-
ited that three common characteristics have enabled
long-lived business firms in Japan and the United States
to overcome environmental changes and economic chal-
lenges and to prosper for long periods of time: first, the
clarity and continuity of corporate culture and values;
second, learning systems built on relationships, espe-
cially with their customers and suppliers; and third, the
art of balancing tradition and innovation. In addition,
Napolitano et al. [54] argue that internal characteristics,
management practices, and strategic decisions are also
factors furthering business longevity. Moreover, Japanese
and German firms recognize that organizational culture
is one of the crucial factors for a company’s longevity
[55]. Thus, it can be concluded that firm-level net in-
come is not influenced by a country’s health stock.
Although our primary objective was to clarify the rela-

tionship between inequality of health stock and national
wealth, our study has two main limitations: a causality
issue and an issue related to data availability. First, we
didn’t explicitly identify the causal relationship between
health stock and national wealth. When we consider the
association between stock-based indicators and flow-
based ones, such as GDP, the causality direction is rela-
tively clear because flow outputs are produced from the
amount of capital stock, based on production framework
in economics [8, 10, 11]. However, we should carefully
identify the causality if we focus on explicitly uncovering
the causal relationship between stock-based indicators.
Second, the health stock indicator we used in this study
doesn’t include the effects of illness and injury on a
healthy life, but only captures the aspects of longevity.
We could use a quantitative database of illness and in-
jury, such as GBD [35], to quantify the amount of stock
decreased by each disease, although it would require sig-
nificant effort to estimate the shadow price (cost) of dis-
ease. Despite the above two limitations, the expected
modifications are beyond the scope of this research and
we leave them for future research.

Conclusions
In this study, we investigated the associations between
inequality of health stock and the various indices related
to national wealth. Although we used relatively simple

statistical methods, we demonstrated that health stock
was an important component in IWI for judging health-
related sustainability. As a policy implication, measuring
health stock in relation to national wealth not only helps
in achieving SDG 3 but also SDG 10, which calls for a
reduction in national inequalities. Beyond GDP, we con-
clude that IWI, which includes the values of health
stock, is more comprehensive in measuring national
wealth and can be used to complement GDP in tracking
sustainability.
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