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Health improvement has become a significant social priority since a moderately good

human capital condition improves the workforce’s abilities, efficiency, and quality of life.

A rapid increase in healthcare expenditure is a trend in major developing and developed

countries; however, healthcare expenditure widely varies among most Asian countries.

Asian countries contribute a significant amount of output to economic development

worldwide. The statistical test power is more efficient for the pooling of national data

than individual national data because of the economic value and trade integration of

regional nations. This is the first study that applies the quantile-on-quantile approach to

investigate the influence of the quantiles of healthcare on the quantiles of the economy’s

growth for pooling forty countries in the Asian region. As the quantile of healthcare

expenditure increases in the countries, the impact of healthcare expenditure on the

economy’s growth does not guarantee an increase. The positive and negative effects

of healthcare expenditure on developing the economic relationship will repeatedly occur

when the quantiles of the economy’s growth increase in the countries. One implication

is that the governments should account for problems such as corruption, bureaucracy,

underinvestment, and inefficiency in health-related resource utilization.
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INTRODUCTION

Health improvement has become a significant social priority since a moderately good human
capital condition improves the abilities, efficiency, and quality of life of a workforce. Moreover,
through its impact on the output in production and service, human capital accumulation is a
primary determinant of economic development (1). Accordingly, health is an essential bridge to
link human capital accumulation and economic growth.
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A country’s condition of health impacts economic
development in multiple ways. Manufacturing and service
are value added by incorporating expert knowledge, capital
equipment, technical expertise, and medical science when public
health status increases (2, 3). The determinant of the level of
expenditure, the social policy environment, and the quality of
services is relative to health outcomes (4). Health outcome relies
on competitiveness and quality for individuals, since healthy
employees have more ability to create innovation (5, 6). On the
demand side, people will demand the best health services as
they are richer, and they are thus willing to pay a higher price
for more quality private healthcare services. Even if expenditure
levels are low, health status would be a better outcome for a
country where the government executes its social and health
policies well (4). The government’s health expenditure is one of
the essential factors with which to accumulate human capital as
health status has been considered one of the unique elements
that affect economic growth for a country (7).

Since human capital is a critical indicator in the endogenous
growth model that was proposed in the 1990s, health in a country
is noticed by researchers and policymakers in academics and
in practice. The health-led growth hypothesis is proposed by
Mushkin (8) who addressed that healthcare expenditure in a
country is important to increase economic growth. An increase
in funds, activities, and efforts related to health is expected to
increase the wealth of individuals and society in a country.
Previous research mainly suggested three outcomes to show the
way that health affects growth, i.e., positive relationship (9–16),
negative relationship (1, 17, 18), and neutrality (19–21). On
the other hand, certain studies analyze the relationship by pool
(panel) data, and the results are mixed depending on different
groups of economic development (1, 3, 22–29).

According to the geographic position, health and economic
development are vital in Asia countries. From the perspective
of economic, Asian countries contributed ∼60% of the world
GDP per capita in 2017. On the other hand, investigating
healthcare expenditure is important for the government to
improve the health system and health plan of a country,
as a rapid increase of healthcare expenditure is a trend in
major developing and developed countries (30, 31). According
to the global health expenditure database in World Health
Organization, healthcare expenditure as a percentage of GDP
varied from 1.5 to 11.5 among Asian countries in 2017. In sum,
previous studies investigated the impact of health on economic
development in traditional time series models. Limited studies
examined the relationship in Asian countries using the quantile-
on-quantile method.

This study applies the quantile-on-quantile method which
combining conventional quantile regression and non-parametric
estimation techniques. To the best of our knowledge, this study
is the first to investigate the impact of health on economics by
applying the quantile-on-quantile method in Asian countries.
The quantile-on-quantile analysis is an advanced method that
provides more comprehensive information for the influence of
quantiles of health on the conditional quantiles of economic
growth. In addition, the pooling of national data is adopted
because of the value of economic and trade integration of regional

nations. The statistical test power is more efficient for the pooling
of national data than individual national data (3). The results will
give the government more reference to form health systems and
policy strategies for Asian countries.

DATA AND METHOD

In this study, pooling data from forty Asian countries is used to
investigate the influence of healthcare quantiles on the quantiles
of economic growth. The study uses the percentage of healthcare
expenditure on GDP as a proxy of healthcare and real GDP
per capita as a measure of economic growth by following prior
studies regarding the aspect of the health-growth nexus. The
collected annual data from 2000 to 2017 are sourced from the
World Bank, and each series of real GDP per capita has a
processed logarithm. We examine the order of integration of
the variables taken into account in the analysis before we move
to empirical investigation. The proxy variables are stationary at
the level since the null hypothesis with regard to the variables is
significantly rejected in the panel unit root test by using the LLC
test (32) and Fisher-PP test (33). Thus, the data are used for the
following empirical investigation.

Sim and Zhou (34) introduced the quantile-on-quantile
framework incorporating the quantile regression element and a
non-parametric methodology to identify asymmetric and spatial
attributes for a model over time. The quantile-on-quantile
approach is applied in this study to measure the effect of the
quantiles of healthcare on the quantiles of economic growth
using a data pooling of 40 countries in Asia. The non-parametric
quantile regression model implemented in the analysis is seen
as follows:

Yt=βθ (Xt)+µθ
t

where Yt represents real GDP per capita of the samples at
period t, Xt represents the percentage of healthcare expenditure
on GDP of the samples at period t, θ is the θth quantile of
the conditional distribution of real GDP per capita, and µθ

t

is the quantile residual term whose conditional θth quantile
is assumed to be zero. βθ (·) is unknown in the model since
we lack prior knowledge of the connection between healthcare
and economic development. In non-parametric quantile-on-
quantile estimations, the bandwidth (denoted as a parameter of
h) selection is crucial since it governs the estimated coefficients’
smoothness. Following the setting in Sim and Zhou (34), this
study sets 5% bandwidth of density function (h = 0.05) for
optimal parameters to solve the minimization problem.

For more detail on the derivation of the mathematical model
in time series, refer to Sim and Zhou (34). The quantile-on-
quantile regression combinates the advantage of both quantile
regression and non-parametric estimation. The approach applied
in this study presents more comprehensive knowledge about how
various quantiles of healthcare impact quantiles of healthcare
influence different quantiles of economic growth in the results.
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FIGURE 1 | THe estimation of the slope coefficient three-dimensional

diagram. X indicates healthcare expenditure; Y indicates economic growth.

RESULTS

Quantile-on-Quantile Estimates
This part describes the healthcare and economic growth’s
empirical results by investigating pooling data by applying the
quantile-on-quantile method. Figure 1 illustrates the estimates
of the slope coefficient β1(θ , τ ), which evaluate the effect of the
τ th quantile of healthcare expenditure on the θth quantile of
economic growth at different values of θ and τ for pooling 40
Asian countries under consideration. For the individual forty
countries in Asia, the health-growth nexus is classified into nine
groups in a matrix. Based on the evidence in prior studies, the
power of the statistical test is more efficient for the national data
pooling rather than individual national data. The relationship
between healthcare and economic growth is heterogenous for the
quantiles of the health-growth nexus.

Figure 2 illustrates the statistically significant coefficient
values of the explanatory variable in a two-dimensional diagram
to more clearly present main information in the results.
The significant coefficient values and the relationship between
variables of interest move from low to high as the color bar
shifts from blue to red. The colored bar is scaled which shows
the numerical values associated with the different colors for the
coefficients, following other studies in the literature that use the
QQR technique (34–37). This study discusses seven major areas
in the results as follows.

In area 1, a negative impact of healthcare on the economy’s
growth is detected at the lowest to high quantiles of healthcare
expenditure (0.05–0.90) with the lower quantiles of economic
growth (0.05–0.1) as shown by the blue areas. The negative
impact of healthcare on the economy’s growth is more substantial
at middle and high quantiles of healthcare expenditure rather
than low quantiles as the color bar is dark blue at middle and
high quantiles of healthcare expenditure.

Focusing on area 2, the relationship positively running from
healthcare to economic growth in the countries is located in the
point that incorporates the lowest to high quantiles of healthcare
expenditure (0.05–0.90) with the low quantiles of economy’s
growth (0.15–0.3) as shown by the red areas. The positive
impact of healthcare on the economy’s growth is strong at low
quantiles of healthcare expenditure. It then becomes weak at
middle quantiles and converts into strong at high quantiles of
healthcare expenditure. The color bar is dark red at low quantiles
of healthcare expenditure; it becomes light at middle quantiles; it
again becomes dark red at high quantiles. The result confirms the
evidence of Rana et al. (38) and Chaabouni and Saidi (27) who
reported that the relationship runs from healthcare to economic
growth in low-income countries, although Sarwar et al. (20)
noted that insufficient evidence shows that healthcare leads the
economy’s growth.

In area 3, the linkage between healthcare and the economy’s
growth is negative in the countries situated in the zone that
combines the lowest to upper-middle quantiles of healthcare
expenditure (0.05–0.75) with the lower-middle quantiles of the
economy’s growth (0.35–0.45) as shown by blue areas. The
negative impact of healthcare on the economy’s growth is strong
at low quantiles of healthcare expenditure, becoming weak
at middle quantiles and weakest at upper-middle quantiles of
healthcare expenditure. Referring to area 3 in Figure 2, the blue
color is relatively dark at low quantiles of healthcare expenditure
rather than upper-middle quantiles.

In area 4, a positive relationship running from healthcare
to economic growth in the countries exists, a mixing the low
to upper-middle quantiles of healthcare expenditure (0.1–0.75)
with the middle to upper-middle quantiles of the economy’s
growth (0.5–0.6) as shown by red areas. The positive impact of
healthcare on the economy’s growth is strong at low quantiles of
healthcare expenditure, then become weak at middle quantiles
and become weakest at upper-middle quantiles of healthcare
expenditure. The dark red color becomes light as the quantiles
of healthcare expenditure increase in this area. Somehow, the
nexus is positive at the point, mixing the highest quantiles of
healthcare expenditure (0.95) and middle quantiles of economic
growth (0.55). This evidence corroborates that of Chaabouni and
Saidi (27) who found the causality running from healthcare to the
economy’s growth in middle-income countries.

Focusing on area 5, the relationship between healthcare and
economic growth is negative in the countries located in the
region that pair the lowest to high quantiles of healthcare
expenditure (0.05–0.85) with the upper-middle to high quantiles
of the economy’s growth (0.65–0.85) as shown by blue areas.
The healthcare expenditure’s negative impact on the economy’s
growth is strong at the lowest healthcare expenditure quantiles.
Then, it becomes weak at middle quantiles and becomes strong
again at high quantiles of healthcare expenditure. The dark blue
color becomes light as the quantiles of healthcare expenditure
increase; however, the dark blue color shows up again at high
quantiles of healthcare expenditure.

In area 6, the association between healthcare and the
economy’s growth is positive in the countries located in the
zone that pair the lowest to high quantiles of healthcare
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FIGURE 2 | The estimation of the slope coefficient two-dimensional diagram. X indicates healthcare expenditure; Y indicates economic growth.

expenditure (0.05–0.85) with the high to highest quantiles of the
economy’s growth (0.9–0.95) as shown by red areas. Healthcare
expenditure’s positive impact on the economy’s growth is more
substantial at the lowest to middle quantiles of healthcare
expenditure rather than high quantiles. The color bar is dark
red at low quantiles of healthcare expenditure, and it becomes
light at the middle quantiles. Interestingly, in area 7, healthcare’s
negative impact on the economy’s growth is shown for the
countries positioning at the upper-middle to highest quantiles
of healthcare expenditure (0.8–0.95) and middle to highest
quantiles of the economy’s growth (0.6–0.95) as shown by blue
areas. Healthcare expenditure’s negative impact on the economy’s
growth is stronger at middle and high quantiles of healthcare
expenditure rather than low quantiles. Furthermore, the results
complement those of Amiri and Ventelou (39) and Rana et al.
(38) who find in their study of the health-economic nexus in
the OECD countries and 161 countries that health influences
economic growth in high-income countries. However, the results
differ from those of Sarwar et al. (20) who indicated insufficient
evidence of causality from healthcare to economic growth for
high-income countries.

In sum, although healthcare spending is on the rise in society,
economic development does not ensure growth. Specifically, the
relationship between healthcare expenditure and the economy’s
growth does not exist at upper-middle quantiles of healthcare
expenditure. The positive effect of healthcare expenditure on
the economy’s growth relationship and the negative impact of
healthcare expenditure on the economy’s growth relationship
will repeatedly occur when the economy’s growth increases in
the countries.

The validity of the Quantile-on-Quantile
approach
In the current analysis, the quantile-on-quantile method was
applied to regress the θth quantile of economic growth on the

τ th quantile of healthcare expenditure. The average values of
slope parameters relating to the quantile-on-quantile regression
approach should be approximately similar to those of traditional
quantile regression to validate the results of the quantile-
on-quantile regression approach in the previous discussion.
The quantile regression parameter indexed only by θ can
be generated by averaging the quantile-on-quantile regression
parameter along τ . The slope coefficient of the quantile regression
model can be obtained by the following formula, where this
coefficient measures the impact of healthcare expenditure on the
distribution of economic growth, which is expressed by γ1 (θ ):

γ1 (θ)≡
¯̂
β1 (θ)=

1

s

∑
τ
β̂1 (θ ,τ)

where s is the number of quantiles and τ = [0.05, 0.10,
. . . , 0.90, 0.95]. Figure 3 provides a comparative assessment of
the quantile-on-quantile regression approach with the quantile
regression method; it confirms the previous findings and follows
similar trends.

DISCUSSION AND CONCLUSION

The prior research provides insufficient information on whether
the health-growth nexus differs across countries under or
over-spending regarding healthcare. To the best of our
knowledge, this is the first study attempting to analyze the
true dependency causality running from health to economic
growth by considering 40 Asian countries. We used quantile-
on-quantile regression techniques to investigate different health
quantiles’ effects on the entire range of economic growth. In
sum, as the healthcare quantiles expenditure increase in the
countries, the impact of healthcare expenditure on the economy’s
growth does not guarantee an increase. On the other hand, the
positive effect of healthcare expenditure on the economy’s growth
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FIGURE 3 | The coefficients in different quantile from the estimation of quantile

regression and quantile-on-quantile estimate. The black line indicates the

estimates of coefficients in different quantiles for the quantile regression

method. On the other hand, the dashed line indicates the coefficients’

estimates in different quantiles for the averaged quantile-on-quantile. X

indicates healthcare expenditure.

relationship and the negative impact of healthcare expenditure
on the economy’s growth relationship will repeatedly occur when
the economy’s growth increases in the countries. Specifically, the
relationship running from healthcare to the economy’s growth is
not favorable in the countries where the governments spend high
healthcare expenditure.

As healthcare expenditure changes from low to high quantiles,
the impact of healthcare expenditure on the economy’s growth
becomes weak for most quantile of economic growth. The results
corroborate with Ye and Zhang’s (40) study, which analyzed the
effect of health expenditure on the economy’s growth in OECD
countries. They indicate that technology innovation, to provide
value creation, mainly contributes to the economy’s growth
in developed countries. Thus, the contribution of healthcare
expenditure to economic growth is weak. On the other hand,
the strong impact in low quantile healthcare expenditure in our
result supports the prior study of Rana et al. (38). Rana et al.
(38) investigated low-income countries and addressed how the
external resources contributed from the foreign countries to low-
income countries are the possible reason to justify the impact.
Poverty and inequality lead to the spread of infectious diseases
that affects public health (41–43). Thus, the governments in low-
income countries should construct health systems with sufficient
investment and health workers that contribute to the citizens,
preventing disease.

The sign of the nexus between healthcare expenditure and
economic growth repeatedly changes in terms of the extent
of different quantile combinations of health expenditure and
economic growth. Grossman (44) presents the concept of “health

capital” as part of the demand model for “good health.” Based
on the insights, healthcare expenditure in human capital is
not guaranteed to satisfy health outcomes. However, healthcare
expenditure possibly leads to good health outcomes depending
on the healthcare resource utilization. The governments should
be concerned with universal health coverage in health policies
for low- and middle-income countries. Investigating the major
social health insurance program in Indonesia, Erlangga et al. (45)
indicated that the health insurance program, subsidized by the
Indonesian government, enhances the utilization of outpatient
and inpatient care. In particular, the program benefits individuals
who need comprehensive hospitalization and medical treatment
since inpatient care is relatively expensive in healthcare in
Indonesia. The process of human capital accumulation could be
inefficient as the negative impact of health on economic exits
in a country. The inefficiency likely derives from systemic and
institutional causes in public administration and the different
market structures of health services in the field of health policy
services (1). In developing and emerging countries such as
Myanmar, Nepal, Bangladesh, India, Pakistan, and Indonesia,
inequality in health care use exists in society. The opportunity for
healthy home care practices is incrased in higher socioeconomic
individuals rather than lower socioeconomic individuals (46).
The government should concern the policy in which lower
socioeconomic individuals would benefit from health care
systems. Resource allocation and governance in healthcare are
vital for the government to benefit the individual’s health (47).
Thus, the governments should account for the problem such as
corruption, bureaucracy, underinvestment, and inefficiency in
health-related resources utilization.

Therefore, understanding a health policy’s potential benefits
and problems, with reference to the political climate, and
with the uncertainty in the economic environment, can teach
some interesting lessons to policymakers. Since the relationship
between health and economic growth varies in different levels of
health care status quo and economic development in a country,
it is important to identify which area the country is in.

Western economies link with Asian countries in terms
of economic development and the spread of products and
jobs worldwide. Globalization has linked economies worldwide
and increased the interdependence of global markets in
the past three decades. From a macroeconomic perspective,
international trade in globalization benefits developed countries
(48). The consumption of commodities such as electrical
and machinery products could not suffer from disruption in
developed countries in the Western world, while a healthy
and abundant workforce in major Asian countries contributes
to labor-intensive manufactured exports (49). On the other
hand, from a microeconomic perspective, human capital and
technology are key components explaining economic growth. In
major developed countries such as the United States, a highly
educated workforce is an important element for a company
to provide innovative products and services in technology and
knowledge-intensive industries. People from Asian countries
have represented the largest share of the workforce in the Silicon
Valley of the United States where the world’s largest high-tech
companies and thousands of tech start-ups are (50). Health is an
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important factor in the productivity of workers, as poor health
can impair performance and reduce the quality of the labor
workforce (51). Thus, possessing a healthy labor force is vital for
Asian and Western economies where firms and consumers gain
from specialization in a global supply chain.

Previous studies have been unable to clarify the heterogeneous

status linkages between health and economic growth in Asia

under different health-economic conditions. The time series

models used in past research could not detect the deeper
connection between health and economic growth at different
quantiles of the variables as conventional quantile regression
is used to measure an explanatory variable’s influence on
the quantiles of another variable. Thus, the evidence may be
inadequate for the policymakers making decisions in the aspect
of health-related policy. This study used the quantile-on-quantile
method, which allows heterogeneous status to be studied in light
of its results. Thus, the potential connection and inadequate
related researches in the health-economic nexus prompt us to
contribute to this area. This study was conducted in Asian
countries, and evaluation and comparison on various geographic
or worldwide economies are recommended to validate the impact
of health on economic growth in future research.
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