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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.

Keywords: quantile-on-quantile, health, economic growth, Asia, pooling data

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:

Ye=p" (Xo) +1f

where Y; represents real GDP per capita of the samples at
period t, X; represents the percentage of healthcare expenditure
on GDP of the samples at period t, 6 is the 6th quantile of
the conditional distribution of real GDP per capita, and u?
is the quantile residual term whose conditional 6th quantile
is assumed to be zero. 87 (-) 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 81(6, 7), which evaluate the effect of the
tth quantile of healthcare expenditure on the 6th quantile of
economic growth at different values of 6 and ¢ 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 coeflicient
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 6th quantile of economic growth on the

tth 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 6 can
be generated by averaging the quantile-on-quantile regression
parameter along 7. The slope coeflicient 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 y; (6 ):

x 1 ~
n©O=p©® =23 h©7)

where s is the number of quantiles and r = [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.

REFERENCES

1. Eggoh J, Houeninvo H, Sossou GA. Education,
economic growth in African countries. ] Econ Dev.
doi: 10.35866/caujed.2015.40.1.004

2. Morand OF. Economic growth, health, and longevity in the very long term:
facts and mechanisms. Health and Economic Growth: Findings and Policy
Implications, MA: MIT Press (2005) 74.

3. Wang KM. Health care expenditure and
quantile  panel-type analysis. Econ  Model.
doi: 10.1016/j.econmod.2011.02.008

4. Balaji B. Causal nexus between public health expenditure and economic
growth in four southern Indian states. IUP ] Public Finan. (2011) 9:7.

5. Barro RJ. Health and economic growth. Ann Econ Finan. (2013) 14:329-66.

6. Aslan A, Menegaki AN, Tugcu CT. Health and economic growth in
high-income countries revisited: evidence from an augmented production
function for the period 1980-2009. Qual Quant. (2016) 50:937-53.
doi: 10.1007/s11135-015-0184-2

7. Bedir S. Healthcare expenditure and economic growth in developing
countries. Adv Econ Bus. (2016) 4:76-86. doi: 10.13189/aeb.2016.040202

8. Mushkin SJ. Health as an investment. J Polit Econ. (1962) 70:129-57.
doi: 10.1086/258730

9. Li H, Huang L. Health, education, and economic growth in China:
empirical findings and implications. China Econ Rev. (2009) 20:374-87.
doi: 10.1016/j.chieco.2008.05.001

10. Gong L, Li H, Wang D. Health investment, physical capital
accumulation, economic growth. China Econ Rev. (2012) 23:1104-19.
doi: 10.1016/j.chieco.2012.07.002

11. Atems B. Public health expenditures, taxation, and growth. Health Econ.
(2019) 28:1146-50. doi: 10.1002/hec.3894

12. Bloom DE, Khoury A, Kufenko V, Prettner K. Spurring economic
growth through human development: research results and guidance for
policymakers. Popul Dev Rev. (2020) 47:377-409. doi: 10.1111/padr.
12389

13. Chen H, Singh B, Aru WS. Relationship between government expenditure
and economic growth: evidence from Vanuatu. ] Asia Pac Econ. (2020) 1-20.
doi: 10.1080/13547860.2020.1844610

health and
(2015) 40:93.

economic  growth:
(2011)  28:1536-49.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding authors.

AUTHOR CONTRIBUTIONS

C-FW contributed to the research topic, research model,
statistical analysis, and writing. TC contributed to the
research topic and research model. C-MW contributed to
the data collection. T-PW contributed to the data collection.
M-CL contributed to the statistical analysis and writing.
S-CH contributed to the statistical analysis and writing.
All authors contributed to the article and approved the
submitted version.

FUNDING

Hubei University of Economics with the grant number of
XJ201901, XJ201902, and 11024225. Research Center of Hubei
Logistics Development.

14. Pasara MT, Mutambirwa TK, Diko N. The trivariate causality among
education, health, and economic growth in Zimbabwe. Sustainability. (2020)
12:1357. doi: 10.3390/su12041357

15. Shen Q, Chang B, Yin G, Wang W. The impact of health investment on
economic growth: evidence from China. Iran J Public Health. (2020) 49:684-
62. Available online at: https://econpapers.repec.org/article/icficfjpf/v_3a09_
3ay_3a2011_3ai_3a3_3ap_3a7-22.htm

16. Esen E, Kegili MC. Economic growth and health expenditure analysis
for Turkey: evidence from time series. ] Knowl Econ. (2021) 1-15.
doi: 10.1007/s13132-021-00789-8

17. Tobing E, Jeng JL. Long-run growth and welfare effects of rising
us public health expenditure. Public Finan Rev. (2012) 40:470-96.
doi: 10.1177/1091142112442238

18. Wang Z, Asghar MM, Zaidi SAH, Wang B. Dynamic linkages among
CO2 emissions, health expenditures, and economic growth: empirical
evidence from Pakistan. Environ Sci Pollut Res. (2019) 26:15285-99.
doi: 10.1007/s11356-019-04876-x

19. Mehrara M. Health expenditure and economic growth: an ARDL
approach for the case of Iran. J Econ Behav Stud. (2011) 3:249-56.
doi: 10.22610/jebs.v3i4.277

20. Sarwar S, Alsaggaf MI, Tingqiu C. Nexus among economic growth, education,
health, and environment: dynamic analysis of world-level data. Front Public
Health. (2019) 7:307. doi: 10.3389/fpubh.2019.00307

21. Eggoh ], Houeninvo H, Sossou GA. Education, health and economic growth
in African countries. ] Econ Dev. (2015) 40:93-111. Available online at: http://
www.jed.or.kr/archives.html

22. Acemoglu D, Johnson S. Disease and development: the effect of life expectancy
on economic growth. J Polit Econ. (2007) 115:925-85. doi: 10.1086/529000

23. Aghion P, Howitt P, Murtin F. The Relationship Between Health and Growth:
When Lucas Meets Nelson-Phelps (No. w15813). National Bureau of Economic
Research (2010).

24. Ogunleye EK. Health and economic growth in Sub-Sahara African countries:
a production function approach. Tanzanian Econ Rev. (2011) 1:1-43.
doi: 10.1016/j.worlddev.2003.07.002

25. Strittmatter A, Sunde U. Health and economic development—evidence from
the introduction of public health care. J Popul Econ. (2013) 26:1549-84.
doi: 10.1007/s00148-012-0450-8

Frontiers in Public Health | www.frontiersin.org

August 2021 | Volume 9 | Article 689610


https://doi.org/10.35866/caujed.2015.40.1.004
https://doi.org/10.1016/j.econmod.2011.02.008
https://doi.org/10.1007/s11135-015-0184-2
https://doi.org/10.13189/aeb.2016.040202
https://doi.org/10.1086/258730
https://doi.org/10.1016/j.chieco.2008.05.001
https://doi.org/10.1016/j.chieco.2012.07.002
https://doi.org/10.1002/hec.3894
https://doi.org/10.1111/padr.12389
https://doi.org/10.1080/13547860.2020.1844610
https://doi.org/10.3390/su12041357
https://econpapers.repec.org/article/icficfjpf/v_3a09_3ay_3a2011_3ai_3a3_3ap_3a7-22.htm
https://econpapers.repec.org/article/icficfjpf/v_3a09_3ay_3a2011_3ai_3a3_3ap_3a7-22.htm
https://doi.org/10.1007/s13132-021-00789-8
https://doi.org/10.1177/1091142112442238
https://doi.org/10.1007/s11356-019-04876-x
https://doi.org/10.22610/jebs.v3i4.277
https://doi.org/10.3389/fpubh.2019.00307
http://www.jed.or.kr/archives.html
http://www.jed.or.kr/archives.html
https://doi.org/10.1086/529000
https://doi.org/10.1016/j.worlddev.2003.07.002
https://doi.org/10.1007/s00148-012-0450-8
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Wu et al.

A Quantile-On-Quantile Apporoach

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Hilaire EJ, Gilles AS. Education, health and economic growth in developing
countries. J Econ Dev. (2015) 40:93-111. Available online at: http://www.
ijbmer.com/vol3issuel.php

Chaabouni S, Saidi K. The dynamic links between carbon dioxide (CO2)
emissions, health spending and GDP growth: a case study for 51 countries.
Environ Res. (2017) 158:137-44. doi: 10.1016/j.envres.2017.05.041

Acaroglu H, Ada AA. The relation between human capital and economic
growth in MENA countries. ] Public Adm Governance. (2014) 4:205-16.
doi: 10.5296/jpag.v4i3.6127

Arthur E. Health Expenditure, Health Outcomes and Economic Growth in
Sub-Saharan Africa (Doctoral dissertation, University Of Benin) (2015).

Yu THK, Wang DHM, Chang LY. Examining the heterogeneous effect of
healthcare expenditure determinants. Int ] Behav Healthc Res. (2011) 2:205-
13. doi: 10.1504/IJBHR.2011.041044

Dieleman JL, Sadat N, Chang AY, Fullman N, Abbafati C, Acharya P, et al.
Trends in future health financing and coverage: future health spending and
universal health coverage in 188 countries, 2016-40. Lancet. (2018) 391:1783-
98. doi: 10.1016/S0140-6736(18)30697-4

Levin A, Lin CE Chu CSJ. Unit root tests in panel data:
asymptotic and finite-sample properties. ] Econom. (2002) 108:1-24.
doi: 10.1016/S0304-4076(01)00098-7

Choi L. Unit root tests for panel data. J Int Money Finan. (2001) 20:249-72.
doi: 10.1016/S0261-5606(00)00048-6

Sim N, Zhou H. Oil prices, US stock return, and the dependence between their
quantiles. ] Bank Finan. (2015) 55:1-8. doi: 10.1016/j.jbankfin.2015.01.013
Shahbaz M, Zakaria M, Shahzad SJH, Mahalik MK. The energy consumption
and economic growth nexus in top ten energy-consuming countries: fresh
evidence from using the quantile-on-quantile approach. Energy Econ. (2018)
71:282-301. doi: 10.1016/j.eneco.2018.02.023

Shahzad F, Shahzad U, Fareed Z, Igbal N, Hashmi SH, Ahmad F. Asymmetric
nexus between temperature and COVID-19 in the top ten affected provinces
of China: a current application of quantile-on-quantile approach. Sci Total
Environ. (2020) 736:139115. doi: 10.1016/j.scitotenv.2020.139115

Igbal N, Fareed Z, Wan G, Shahzad F. Asymmetric nexus between COVID-19
outbreak in the world and cryptocurrency market. Int Rev Financ Anal. (2021)
73:101613. doi: 10.1016/j.irfa.2020.101613

Rana RH, Alam K, Gow J. Health expenditure and gross domestic product:
causality analysis by income level. Int ] Health Econ Manag. (2020) 20:55-77.
Amiri A, Ventelou B. Granger causality between total expenditure on health
and GDP in OECD: Evidence from the Toda-Yamamoto approach. Econ Lett.
(2012) 116:541-4. doi: 10.1016/j.econlet.2012.04.040

Ye L, Zhang X. Nonlinear Granger Causality between health care expenditure
and economic growth in the OECD and major developing countries. Int J
Environ Res Public Health. (2018) 15:1953. doi: 10.3390/ijerph15091953
Gosc,¢ L, Johansson A. Analysing the link between public transport use and
airborne transmission: mobility and contagion in the London underground.
Environ Health. (2018) 17:1-11. doi: 10.1186/s12940-018-0427-5

Allel K, Tapia-Munoz T, Morris W. Country-level factors associated with
the early spread of COVID-19 cases at 5, 10 and 15 days since the

onset. Glob Public Health. (2020) 15:1589-602. doi: 10.1080/17441692.2020.18
14835

43. Sharfstein JM, Becker SJ, Mello MM. Diagnostic testing for the novel
coronavirus. JAMA. (2020) 323:1437-8. doi: 10.1001/jama.2020.3864

44. Grossman M. On the concept of health capital and the demand for health. J
Polit Econ. (1972) 80:223-55. doi: 10.1086/259880

45. Erlangga D, Ali S, Bloor K. The impact of public health insurance on
healthcare utilisation in Indonesia: evidence from panel data. Int | Public
Health. (2019) 64:603-13.

46. Houweling TA, Kunst AE. Socio-economic inequalities in childhood mortality
in low-and middle-income countries: a review of the international evidence.
Br Med Bull. (2010) 93:7-26. doi: 10.1093/bmb/1dp048

47. Jakovljevic M, Sugahara T, Timofeyev Y, Rancic N. Predictors of (in)
efficiencies of Healthcare Expenditure Among the Leading Asian Economies—
Comparison of OECD and Non-OECD Nations. Risk Manag Healthc Policy.
(2020) 13:2261-80. doi: 10.2147/RMHP.S266386

48. Latif Z, Latif S, Ximei L, Pathan ZH, Salam S, Jianqiu Z. The dynamics
of ICT. foreign direct investment, globalization and economic growth:
panel estimation robust to heterogeneity and cross-sectional dependence.
Telematics Inform. (2018) 35:318-28. doi: 10.1016/j.tele.2017.12.006

49. Arvin MB, Pradhan RP, Nair M. Uncovering interlinks among ICT
connectivity and penetration, trade openness, foreign direct investment, and
economic growth: the case of the G-20 countries. Telematics Inform. (2021)
60:101567. doi: 10.1016/j.tele.2021.101567

50. Massaro R. 2021 Silicon Valley Index. San Jose: Silicon Valley Institute
for Regional Studies (2021). Available online at: https://jointventure.org/
download-the-2021-index

51. Raghupathi V, Raghupathi W. Healthcare expenditure and economic
performance: Insights from the United States Data. Front Public Health.
(2020) 8:156. doi: 10.3389/fpubh.2020.00156

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Wu, Chang, Wang, Wu, Lin and Huang. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Public Health | www.frontiersin.org

August 2021 | Volume 9 | Article 689610


http://www.ijbmer.com/vol3issue1.php
http://www.ijbmer.com/vol3issue1.php
https://doi.org/10.1016/j.envres.2017.05.041
https://doi.org/10.5296/jpag.v4i3.6127
https://doi.org/10.1504/IJBHR.2011.041044
https://doi.org/10.1016/S0140-6736(18)30697-4
https://doi.org/10.1016/S0304-4076(01)00098-7
https://doi.org/10.1016/S0261-5606(00)00048-6
https://doi.org/10.1016/j.jbankfin.2015.01.013
https://doi.org/10.1016/j.eneco.2018.02.023
https://doi.org/10.1016/j.scitotenv.2020.139115
https://doi.org/10.1016/j.irfa.2020.101613
https://doi.org/10.1016/j.econlet.2012.04.040
https://doi.org/10.3390/ijerph15091953
https://doi.org/10.1186/s12940-018-0427-5
https://doi.org/10.1080/17441692.2020.1814835
https://doi.org/10.1001/jama.2020.3864
https://doi.org/10.1086/259880
https://doi.org/10.1093/bmb/ldp048
https://doi.org/10.2147/RMHP.S266386
https://doi.org/10.1016/j.tele.2017.12.006
https://doi.org/10.1016/j.tele.2021.101567
https://jointventure.org/download-the-2021-index
https://jointventure.org/download-the-2021-index
https://doi.org/10.3389/fpubh.2020.00156
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

	Measuring the Impact of Health on Economic Growth Using Pooling Data in Regions of Asia: Evidence From a Quantile-On-Quantile Analysis
	Introduction
	Data and Method
	Results
	Quantile-on-Quantile Estimates
	The validity of the Quantile-on-Quantile approach

	Discussion and Conclusion
	Data Availability Statement
	Author Contributions
	Funding
	References


