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University of Economics and Law, Henan, China

Growing socio-economic disparity is a global issue that could disturb community
health. Numerous case studies have examined the health influences of income
disparities as well as the patterns that implicate those disparities. Therefore, this
study attempts to examine the core determinants of mortality rate, which are
environmental degradation, green energy, health expenditures, and technology
(ICT) for the 25 provinces of China over the period of 2005-2020. This study uses
a series of estimators to investigate the preferred objectives in which CS-ARDL
and common correlated effect mean group (CCE-MG). Estimated results show
the significant contribution of environmental deterioration and income inequality
to the mortality rate. Furthermore, health expenditures, ICT, and green energy
significantly reduce the mortality rate. Similarly, the moderate effect of income
inequality on health expenditure, green energy, and ICT significantly reduces the
mortality rate in selected provinces of China. More interestingly, the current study
suggests policy implications to reduce the rising trend of mortality rate.

mortality rate, carbon emission, renewable energy, ICT, income inequality

1. Introduction

Air pollution has become one of the world’s main public health issues, with millions dying
from linked ailments each year (1). In China alone, outdoor air pollution is accountable for more
than 1 million early casualties in 2016, according to the World Health Organization. Growing
the heart disease, risk of stroke, lung cancer, and long-lasting and severe respiratory disorders,
PM10 and PM2.5 are particularly harmful, as noted by Chen et al. (2). The burning of fossil fuels,
which has characterized economic growth in China over the past four decades (3), contributes
to the country’s already severe air pollution problem (4). Air pollution is a major social problem
that has far-reaching consequences (5). This rising trend has been observed in response to global
growth activities.

China’s economic growth since the restructuring and opening up is well-known, and the
country is currently the worlds second-biggest economy (6). However, a number of
environmental pollution concerns have emerged during this rapid development, endangering
not only the natural ecosystem and ecological balance but also people’s health (7). Approximately
10% of Chinas GDP could be lost to environmental pollution and ecological destruction,
according to a report titled “Environmental Protection in China (1996-2005).” China scored
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50.74 on Yale University’s and Columbia University’s Environmental
Performance Index Report (2018), enlisting it 120th overall and 177th
in air quality. According to the bulletin’s second report on China’s
ecological situation, 70.7% of China’s metropolises (or 239 of the 338
prefecture-level cities) have polluted air (4). The Chinese government
and population have come to recognize the critical need to protect the
environment in the face of worsening environmental pollution and
ecological destruction (8). The Chinese government has used a wide
variety of administrative policies, economic measures, and market
processes to curb pollution to free up scarce resources and improve
the environment (9). Although some progress has been made thanks
to these initiatives, the severity of China’s environmental pollution
problem persists (10, 11). For this reason, China’s objective of green
and sustainable growth will be impossible unless severe issues like
resource scarcity, pollution, and ecological degradation can
be substantially addressed (9). Similarly, Chien et al. (12) used a
comparative study of China and the USA and found the environmental
impact on health positive for China while negative for the
USA. However, the green patents decrease the level of emissions, but
they ignore discussing the level of growth and emissions in China (13).

Besides the economic growth activities and their impact on
environmental pollution, income disparity is also a leading cause of
health issues for human beings. Income inequality is the term used to
describe the unequal distribution of income among individuals across
regions, states, or nations (14). It is generally acknowledged that
ecologically speaking, wealth inequality has an impact on health
outcomes. Our attention is on the more debatable claim that there is
a link between economic disparity and health, even after considering
individual income (15). Those who work in public health and policy
are quite interested in this connection (16), yet findings from studies
examining the connection have been contradictory (17). Recent
research assessing the correlation between income inequality and
health found that the results of 13 different systematic studies were all
over the map (18). There is still no conclusive evidence linking income
disparity to health outcomes, as seen by the large statistical
heterogeneity in these reviews. Causal evaluation relies heavily on
understanding the factors contributing to variation in effect sizes
between studies (i.e., statistical heterogeneity or transportability in
causal inference) (19).

A very ambiguous debate has been observed on the mortality rate.
Similarly, the existing studies have not intensely focused and have not
tried to introduce the leading indicators of mortality rate. Therefore,
the current study introduces some interesting variables and tries to fill
this gap. This study has the following contributions to the existing
literature. It is hypothesized that the impact of state-level income
inequality is more likely to manifest after several years rather than
instantly, so the health sector is being taken into account for this study
to investigate the varying responses of variables and their dependence
on prolonged exposure to unequal distribution of income within a
population. Some researchers have examined the correlation between
income inequality and mortality rates in specific Chinese provinces
between 2005 and 2020. Given the crucial importance of the economic
conditions within the society as young women may or may not enter
family planning stages in selected regions; therefore, it would guide
the policymakers to reshape their health policies to control the severe
challenges. Similarly, rising CO, emissions negatively impact various
health indices, reducing human capital productivity and slowing the
rate of social and economic growth. The child mortality rate is one of
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the most important health indicators. Pollution levels are rising to
alarming levels all around the world. Infant mortality, cardiovascular
disease, pulmonary disease, allergies, increased oxidative stress,
endothelial dysfunction, mental illness, and other negative health
impacts can begin at a young age due to environmental pollutants.
Therefore, the current study tries to discuss environmental
degradation and its harmful impact on the mortality rate.

Furthermore, this study proposed a significant factor that may
inform pregnant women how to secure their children. Therefore,
we develop a well-organized model to understand one of the critical
drivers of digitalization: information and communication technology
(ICT) use and its impact on the mortality rate. Thus, it may guide
policy analysts to interlink their health policies with digitalization to
secure a mother from this severe challenge. Very interestingly, health
expenditures by the government can save from this trap to a mother.
In light of this, we examine how public health spending affects health
outcomes in the context of China’s provinces, concentrating on one
particular health outcome, namely the death rate. There are two
reasons for focusing: (1) As we go into greater detail. However, state
and federal governments share responsibility for health. The former is
much more involved in allocating funds for the delivery of health
services. In these provinces, state governments primarily provide
health services, including medical care and public health initiatives.
However, China has made a significant contribution to the health
sector. In order to quantify its impact on health outcomes, this may
lead to differences in public health spending among provinces. (2) The
data on public health expenditure and other important factors is
largely consistent and comparable, which is an advantage of
researching states inside China provinces. As a result, provinces-level
analysis enables us to avoid numerous challenging problems with data
comparability, which become crucial in cross-province contexts.
Furthermore, using green energy in daily human and economic
activities causes less harm to the environment and causes a decline in
health issues. In addition, the primary goal of this study is to inspect
the moderating effect of wealth disparity on mortality rate by
analyzing the correlation between health spending, green energy,
and ICT.

In order to compile above contribution to existing literature, the
current study tries to demonstrate the Inkage of environmental
pollution toward the mortality rate because China is in the top three
polluted economies. Therefore, it is necessary to investigate the
significant impact of increasing CO, emissions on mortality rate and
try to answer whether it harm to pregnant women and their child’s
health. Similarly, income inequality has become a serious challenge
for the globe and especially in developing and emerging economies.
Over the time it has seen the income disparity increases and richer
become more richer. Due to income inequality, to access the health
facilities may vary in different income classes. In simple words, China’s
government has a keen attention to their health sector, beside, the
government initiative it is necessary to investigate whether income
disparities may decline or increase the mortality rate. Since the last
three decades, China’s government has made best initiatives toward
education, health and other social welfare aspects; therefore, this study
also tries to investigate the key role of health expenditures in diminish
the mortality rate. Basically, this study makes a significant testation of
Chinese suggested policies and would answer whether implemented
policies significantly reduces mortality rate or not. Finally, the
penetration of ICT to human and economic activities has a significant
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importance and ICT has tried to create an ease; therefore, this study
also investigate the main and moderate role of ICT on mortality rate
and validates the policy implications suggested by China’s government.
This work uses a novel set of econometric approaches to achieve its
aims, including tests for unit root dependency and co-integration as
well as the CS-ARDL and CCEMG estimators for both the short and
long term.

2. Literature review

Similarly, the literature section is a leading part of every study,
which provides a brief overview of what has been done in the past.
Therefore, the current study divides this section into two sub-sections
such as (1) Studies on Income Inequality and Health Issues; (2) Studies
on Environmental degradation and Health Issues. However, these two
sub-sections details information is given as follows.

2.1. Studies on income inequalities and
health issues

Women’s health may be more affected by socio-economic
inequality and country-level policies than men’s health because they
affect access to services and resources that are particularly important
to womens lives (such as prenatal care, adolescents’ health care,
affordable housing, and family leave) (20). Rehman et al. (21) and
others revealed strong correlations between area-level socio-economic
circumstances and women’s BMI, self-rated health, elevated levels of
risk behaviors connected to their health, and death (22). According to
a recent systematic review, women experience a stronger negative
influence of wealth inequality on their mental health than males,
putting them at greater risk of mental diseases (23). Overall, because
they are more possible than males to be socioeconomically poor, have
offspring, and use the healthcare system, women are more susceptible
to the negative outcomes of income inequality and the inadequate
division of public resources (24).

Only a small number of researchers have looked at how maternal,
and fetal outcomes are impacted by wealth disparity. According to a
cross-sectional study in the US, women with small children are more
likely to experience poor physical and mental health when there is
considerable state-level wealth inequality (25). Preterm birth and low
birth weight were more likely in people who lived in high or medium-
inequality areas at the time of conception (26). In addition, despite
governing for concurrent changes in poverty, total income, and
unemployment rates, a current US study found that residing in a state
where income inequality widened for the year preceding delivery
increased the risk of preterm birth (27). However, the effects of context
on maternal mortality are poorly understood. Maternal mortality is
associated with women’s education, health insurance coverage, health
expenditure per person, and global poverty, according to many
ecological studies (28). However, the majority of analyses that have
examined related socio-economic aspects in low-and middle-income
nations either failed to find a correlation between area-level maternal
mortality and income inequality [see, for example, (29-31)] or
overlooked unequal income distribution as an important explanatory
factor (32). Delay associations have not been studied, despite the
possibility that prolonged exposure to socio-economic context may
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have a more significant impact on maternal and perinatal
outcomes (33).

Albrizio et al. (34) made a seminal addition to this field when they
discovered that income redistribution improves the health of the poor
more than it affects the health of the rich and hence enhances the
health of the population as a whole. According to his article, “the
distribution of income is a potential source of variance in the basic
link between national life expectancy and average national income.”
One’s health is negatively impacted by income disparity, Mohsin et al.
(35), regardless of where one falls on the income scale. He proposed a
psychological explanation for this phenomenon, arguing that more
equitable societies foster healthier lifestyles like less smoking, less
comfort food consumption, and lower stress levels overall. Inequality
exacerbates tensions in social relationships by heightening class
distinctions and promoting unhealthy levels of rivalry. Some negative
health outcomes and accelerated aging are associated with stress (36).
In health and epidemiological research, the idea that wealth inequality
has a direct effect on health
inequality hypothesis.

is known as the income

According to these skeptics, previous findings may have been
statistical artifacts; instead, the aggregate association may result
from a concave relation between income and health rather than a
linear one (37). Other objections focus on the reliability of the
initial results. While the income inequality-health hypothesis has
been studied extensively inside and across rich nations, some
experts have decided that the evidence does not support it (38).
Some researchers looked at what factors lead to health disparities
and inequality. Caruso et al. (39), for instance, revealed that
economic differences in municipalities had a negative influence on
mortality in the adult population, net of individual income, by
analyzing census data and other national population registers from
Norway. When other unseen attributes of those cities were included,
results were considerably more contradictory.

There is strong evidence for the income inequality hypothesis,
notwithstanding some skepticism about the link between economic
disparity and health. Titl and De Witte (40) conducted a literature
assessment using a causal epidemiological approach and found that
the majority of the peer-reviewed, published papers backed the claim
that income disparity negatively impacts health. About 60 million
respondents from 9 cohort studies and about 1.3 million people from
19 cross-sectional studies were included in a meta-analysis conducted
by Kartal et al. (41). They found a “moderate” impact, which suggested
that bringing the Gini coefficient in 30 OECD countries down to
below 0.3 might prevent up to 1.5 million lives. El Chaarani et al. (42)
found that size matters by evaluating multilevel studies examining the
relationship between income and health at individual and population
levels. Inequality and health are often studied at the state level, where
political mechanisms and contextual consequences are simpler to
isolate. Coccia (43) has also addressed this issue. They suggested that
the lack of evidence for income inequality could be attributed, in part,
to the use of insufficiently large analytical units to adequately account
for disparities in social class and other important forms of social
variability. In turn, the degree of residential segregation was found to
have a greater impression on income inequality in smaller geographical
units, whereas income variations within smaller neighborhoods
mattered significantly less. It may not be wealth inequality within poor
neighborhoods that is to blame for the poor health of its residents, but
rather their marginalization from the rest of society.
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2.2. Studies on environmental degradation
and health issues

There are two main areas of study covered by the existing
literature. First, the correlation between climate change and public
health has increased the cost of public health services and healthcare
reform. Damage to the economy and the GDP as a whole can result
from citizens’ poor health (44). Green climate and carbon emissions
make up the second area of study. Since studying carbon emissions
and developing green technology requires a considerable investment
of time and money as well as significant technological progress, this
field of study has recently accelerated. Technologies that reduce
carbon output are receiving much attention as the world works to
create a healthier, more sustainable environment (7). Research from
the past few years shows that environmental degradation has a
negative influence on human health in 17 MENA countries. It can
be improved by having strong environmental laws in place (45).
Environmental hazards contribute to disease and health inequalities.
When looking at the causes of environmental degradation, Wu et al.
(46) took a look at the studies that had been conducted in the past.
Depletion of natural resources is one of the most severe outcomes of
environmental degradation (quality and quantity). They also looked
into how this interdependence impacts people’s health all over the
world. According to the research of Bashir et al. (47), shifting weather
patterns significantly affect public health. It also has an impact on food
production, especially in countries with a weak economy that rely
heavily on agriculture (such as many of the world’s poorest nations).
Consistent with previous work on the Chinese economy, these authors
looked at how shifting economic conditions affect public health and
environmental pollution. They used panel data to examine the
connection in 30 different Chinese provinces. They validated the
negative effects of pollution on public health, which has a knock-on
effect on GDP per capita and acts as a barrier to fostering economic
growth (48). It was found by Khan et al. (49) that environmental
degradation has a positive and significant impact on healthcare costs.
The bivariate association was explained using the Autoregressive
distributive lag and co-integration model, which was developed using
the Environmental Kuznets (EKC) hypothesis. They also noted that
the direction of the relationship was uncertain and could go either up
or down, depending on the level of wealth in the country. A higher
real income has both short-and long-term negative effects on
environmental quality (50). In the case of MENA states, it is also clear
that environmental quality has a significant impact on healthcare
costs. Increases in emissions lead to a corresponding increase in
(51).

Environmental factors, such as carbon emissions, affect the general

healthcare costs because people’s health deteriorates

public’s health, as Chiu and Lee (52) discovered by using the Johansen
Cointegration and Vector error correction model (VECM). They
added that the government should implement efficient carbon
emission programs to lessen the impact on people’s health in Nigeria.

As more and more greenhouse gasses are emitted into Earth’s
atmosphere, the climate is shifting. Many experts in the field of
health care have noticed that fluctuating temperatures have negative
effects on people’s health. Waterborne and vector-borne infections
are examples of climate change-caused infectious disease
transmission at the source. Sensitivity to climate plays a role in the
development of Malaria, among other diseases. As a result of
globalization and a lack of adequate public health infrastructure, a
temperature-sensitive sickness has emerged (53). In their 1995 paper,
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Idrees and Majeed (54) forecasted a warmer world in which Malaria
will spread to countries all over the world. Forecasts indicate that by
the year 2,100, global temperatures will rise by between 1.0 and 3.5°C
(55). More importantly, rising Greenhouse gas emissions are
anticipated to alter Malaria transmission by changing the
environment (56). Malaria in Africa was analyzed by Luo et al. (57)
between 1960 and 2000. They demonstrated that Malaria spread
considerably as a result of climatic changes brought on by GHG
emissions. In the United States, the prevalence of diseases like
Malaria and dengue fever that insects spread has been on the rise,
and researchers (58) looked into what factors might be contributing
to this trend. Since harsh weather is so ubiquitous, healthcare-related
emissions have a negative correlation with people’s health. They
proposed that enforcing health and climate rules effectively in
institutions could help lessen the impact. When it comes to public
health, Yang et al. (59) found that good governance is significantly
important, while high-quality institutions help reduce costs. It has
been found through an examination of 22 economies in sub-Saharan
Africa using the method of moments (GMM) that greater governance
and higher-quality institutions lead to improved health outcomes
from public health spending. Although developing nations contribute
relatively little to greenhouse gas emissions, Igawa and Managi (60)
found that health issues have increased. From 1996 to 2016, Baloch
et al. (61) analyzed the impact of African institutions. Health
outcomes were found to be considerably diminished by the presence
of organizational dysfunction. Environmental pollutants and
institutions also significantly impact life expectancy, despite their
large, positive impact on healthcare costs. They concluded that better
public health and the delivery of essential services would result from
increased governance and institutional excellence (62).

2.3. Studies on information and
communication technology and health
issues

With the help of ICT, we can share and disseminate data rapidly,
cheaply, and across great distances (63). Evidence of ICT’s positive
effects on health outcomes is abundant in the research available. In
Uganda, for example, a program that used radio technology to reach
pregnant women with health information had a dramatic impact on
lowering the country’s maternal death rate (64). Before, almost 90%
of births in Bangladesh occurred outside of hospitals; however, since
the implementation of a mobile birth notification system dubbed
“Mobile for Health,” approximately 89% of births have taken place
within hospitals (65). There is a greater chance of preventing deadly
diseases from spreading to mothers and children thanks to mobile
phones and the ability to send text messages on vaccination initiatives.
In addition, it is disseminated to notify the public about crucial
precautions they can take to limit the spread of specific diseases.
Information technology, as noted by Alatas (66), has a major effect on
reducing the dangers of infant mortality by preventing pregnant
women from skipping clinical appointments.

According to Zhao et al. (67) and Weili et al. (68), the ICT offer
real-time feedback and are extremely useful for the decentralized
health care system because of the development of novel health-related
application. The advancement of healthcare has necessitated
interdisciplinary understanding from fields as diverse as sociology,
psychology, computer science, engineering, education, and others (69)
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in order to increase patient happiness with healthcare outcomes.
Vaccination rates in many developing nations have increased as a
result of this technology, which has been the subject of numerous
research (70). Several professionals in the field feel that ICT has the
potential to revolutionize the health care industry in the poor
countries by making more relevant information more widely available.
For instance, Liu et al. (71) described the state of the health care
system in Uganda, where it was found that the providers of health
services had saved about 24% of the total cost by employing
information technology for the purpose of data collecting and storage
(72-75). A number of studies have demonstrated that information and
communication technology also serves as a tool to achieve the process
of self-management. This is accomplished by easing the path of
communication for elderly people, making it easier for these
individuals to get in touch with their children, relatives, and medical
professionals. According to Zhu et al. (76), the advent of ICT has
provided people with greater chances to contact with others in
healthcare services for the provision of illness management, clinical
decision making, and other educational objectives. This enables
individuals to work together to find solutions to their shared
health issues.

3. Data and methodology
3.1. Data discussion

This study focuses on 25 provinces in China to investigate the core
determinants of mortality rate. Therefore, this study uses the five
health
expenditures, green energy, and information and communication

determinants: carbon emissions, income inequality,
technology. Moreover, the selected variables data is collected from the
Chinese yearbook. However, the health problems being measured by
the mortality rate, infant per 1,000 live birth, carbon emissions in Kt,
emissions (kt), economic inequality (Gini index), health expenditures
measured by per capita medical care, green energy, and information
and communication technology (ICT) by internet users.

However, there may be a question of why authors selected the
panel data rather than time series and cross-provinces. To answer this
question, this study also tries to explain the fundamental logic behind
the panel data selection. While cross-sectional and time-series data
have their uses, panel data have a number of advantages due to their
combination of inter-and intra-individual variances and dynamics.
The effectiveness of econometric estimates is enhanced because panel
data typically contain more degrees of freedom and higher sample
variability than cross-sectional data, which may be seen as a panel
with T =1, or time series data, which is a panel with N =1. Second,
compared to single cross-section or time series data, panel data is
more able to capture the nuances of human behavior. Thirdly, this
incorporates at least two dimensions: a CS dimension and a time
series dimension, simplifying computing and statistical inference.
Compared to inferring from cross-sectional or time-series data,
computing an estimator or deduction for panel data is expected to
be more involved under typical conditions. However, there are
situations where access to panel data streamlines calculations and
draws more accurate conclusions. However, the data description is
given in Table 1. Moreover, Figure 1 tries to explain the scatter graphs
in a single diagram.
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3.2. Model specification

One who is reading this could wonder why the economic disparity
and the environmental impact are being employed in the same model.
The public’s concern for environmental issues has been growing in
recent years in response to developments such as the energy crisis,
climate change, and the severity of other environmental problems. In
developing countries, particularly China, rapid economic growth has
resulted in excessive utilization of natural resources and has
exacerbated the worsening of the ecological environment. This is
especially true in China. The term “green consumption” refers to a
behavior that is environmentally responsible and is characterized by
promoting nature and preserving the ecology. In recent years, green
consumption has attracted the attention of both businesses and
consumers. The purchase of environmentally friendly goods for
day-to-day use is widely recognized as a productive approach to
addressing environmental concerns and can help reduce the risk of
adverse health effects.

The income disparity in emerging economies is another reason
why China’s government boosted health spending from $11 to $29
between 2000 and 2011. To provide universal health coverage, 80% of
China’s health budget goes to public hospitals and clinics. While
monetary gains are welcome, it is just as critical that individuals in
need have access to health information and are literate in its use.
We have argued that primary health education is an important factor
in the positive relationship between healthcare practitioners and
patients, from diagnosis to treatment. If everyone in a community has
quick and simple access to health information, then everyone will
be better equipped to make informed decisions about their health and
take steps to reduce the prevalence of harmful behaviors and increase
the prevalence of those that are beneficial to their health. Doctors and
nurses need to improve their ability to communicate with all
community members, not just patients. More and more health-related
initiatives are taking place online and in communities, which further
flattens our informational universe.

The study’s findings highlight the significance of income
distribution and the damage it does to the environment. For its most
basic form, Equation (1) can be written as follows:

HI;, = f( 0, 0,™", 1072, HEP?, GEP*, ICTﬂS)I (1)
,t

The above function can be transformed into a log-log model by using
the natural log; In Equation (2), LMR, LCO,, LIQ, LHE, LGE, and LICT

TABLE 1 Data description.

MR Mortality rate (infant per 1,000 live birth) CYB
CO, Carbon emission (kt) CYB
1Q Income inequality (Gini index) CYB
HE Health expenditure (per capita medical care) CYB
GE Green energy (% of total final energy) CYB
ICT Information and communication technology CYB

(internet users)
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Graphical presentation of studied variables.
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refers to the natural log of carbon emission, income inequality, health
issue, health expenditure, green energy, and information and
communication technology. This analysis is grounded on the basic
regression model:

LMR; ¢ = By + B LCOyj ¢ + B2 LIQ; ¢ + B3 LHE;

+,B4 LGEi’t + IB5 LICTl)t + Eit (2)

In Equation (2) “T” is for cross-sections, and “t” is the time period,
such as from 2005 to 2020. f’s are the coeflicients, L is the natural
logarithm and ¢ is the error term.
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However, another objective of this analysis is to investigate the
moderate role of income inequality on health expenditure, green
energy, and information and communication technology and their
impact on the mortality rate. Similarly, the moderate effect Equations
(3)-(5) are inserted below:

LMR; ¢ = By + By LCOyi ¢ + B2 LIQ; ¢ + B3 LHE;

+Pa LGE; i+ B LICT,  + B LIQ" HE +&i0

This shows the moderate effect of IQ * HE on mortality rate and
other variables remain the same in Equation (3).
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LMR; ¢ = By B1 LCOy;i ¢ + B2 LIQj ¢ + B3 LHE;

+PB4 LGE; ¢ + B5 LICT,  + B LIQ" GE+£; ¢ @

This displays the moderate effect of IQ * GE on mortality rate and
variables other than it remain as it is in Equation (4).
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This displays the moderate effect of IQ * ICT on mortality rate and
other variables continue the same in Equation (5).

3.3. Estimation strategy

3.3.1. Cross-sectional dependence test

The cross-sectional dependence (CD) of Phillips and Sul (77) is
vital for panel data since it might cause discrepancies and errors in
study. Economic, political, social, and other channels such as bilateral
trade and sharing boards are examples of relationships in the real
world. These kinds of global relations may participate to the
development of CD. To solve this problem, we use the CD test
developed by Pesaran (78) and the LM test developed by Breusch and
Pagan (79). The subsequent equation is used in CD testing to check
for the existence of CD in the data.

2T

N[ ) X

CDh =

The period is expressed by T, and cross-sections by N. Here,
we show how this equation can be used in an LM test to analyze panel
data for CD.

Yit = ai + Bixit + git )

where T is the time range and I is the number of cuts made.
Both of these approaches to estimation use the null hypothesis that
cross-sectional dependency (CD) does not exist in the panel data,
whereas alternative hypotheses take into consideration the
existence of CD.

3.4. Cross-sectional unit root test

In addition, cross-sectional variation is assumed not to alter the
results, which is not the case. As a result, Pesaran (80) came up with
the CADF and CIPS models, which incorporate both the CS
independence of Im et al. (81) and the CS augmentation of the
Dickey-Fuller models. Both of these analyses account for cross-
sectional and panel heterogeneity. In order to calculate whether or not
the variables are consistent, second-generation unit tests have
been used.
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where xit denotes the variable of interest, i shows the CS, t for the
time window, and r shows the model’s residuals. Although the
alternative hypothesis does account for stationarity, the null hypothesis
does not.

3.5. Co-integration test

To the same extent as the first-generation panel unit root methods,
the first-generation panel co-integration estimators do not take CD into
account. The second-generation panel co-integration estimate proposed
by Westerlund (82) can be used to ascertain the co-integrating features of
the parameters in the existence of CD. Standard errors for the significance
tests (Gt, Ga, Pt, and Pa) are evaluated using a bootstrapped method,
which eliminates the CSD. Estimating Gt and Ga, both measures of group
averages, allows us to compare the likelihood of two different hypotheses
about the relationship between the variables across at least one cross-
section. By contrast, the rigorous alternative hypothesis of co-integration
across the series across all cross-sections predicts the two panel-mean
statistics Pt and Pa.

P =B /SE(B) )

Pp =T(B) (10)

Gy =1/MY"" Bi/SE(Bi) (11)
Ga=1/MY " TpilBi(1) (12)

Equation (9) of Pt and Equation (10) of PP denote panel statistics
whereas Equation (12) of Ga and Equation (11) of Gt denote group
mean statistics. Here, no co-integration null hypothesis is evaluated.

However, the current study uses the most advanced and reliable
estimators to investigate the proposed objective, i.e., CS-ARDL, AMG,
and CCE-MG. In the light of conceptual and methodological
contribution, these estimators have significant importance in dealing with
panel data issues. However, the existing literature has used these
estimators for development or environmental economics, while this study
is being used for these estimators in the field of health economics. This is
the leading gap that fills by the present study to existing literature.
Moreover, the concerned techniques have advantages like cross-section
dependence (CSD), endogeneity, heterogeneous slope coefficients, and
non-stationarity, all controlled by these panel techniques.

3.5.1. Cross-sectional augmented ARDL

Specifically, we wuse the Cross-Sectional Augmented
Autoregressive Distributive Lag (CS-ARDL) model of Chudik and
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Pesaran (83) to examine the correlation between our variables.
This model is an extension of the standard panel ARDL-PMG. The
CS-ARDL framework takes into account both short-run and
long-run factors, error correction factors, and the cross-sectional
means of the relevant variables throughout both time periods.
There aren’t many benefits to using this strategy instead of others.
In the first place, it’s capable of giving trustworthy estimates even
when factors are added in a non-intuitive order, as I(0) if 1(0);
otherwise, I(0) (1). In addition, it provides reliable data on the
frequency of both acute and chronic stress disorders (83). Thirdly,
the slope coefficients vary significantly from one another, making
this an example of a mean group estimation. The CS-ARDL
grounded on the mean group is an enhanced version of the ARDL
model that uses CS averages as a proxy for the unnoticed common
components and their lags rather than individual cross-sectional
estimates (84). Last but not least, this method is useful when a
weak exogeneity exists in the model as a result of a lagged
dependent variable. In addition, the authors argued that the
inclusion of the lagged cross-sectional averages in the model
would mitigate the endogeneity issue. Following is the regression’s
starting point model:

Pz .
leoﬁpwz .

CS—ARDL; =
¢ Y1-YI=0

Li

(13)

3.5.2. AMG and CCEMG estimators

To deal with correlations, especially those between cross-
sections, this empirical methodology makes use of the Common
Correlation Effect Mean Group (CCEMG) technique created by
Pesaran et al. (85). Despite the difficulties posed by the presence of
effective. Here is the

diverse factors, this method is

CCEMG formula:
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o indicates cross-sectional coefficients, Y indicates constant for
every CS, € denoted error term and W is indicated cross-sections
averages shown in Equation (14):

V\]l’t =aq COZI’t +oy IQl’t +o3 HEi’t

+ oy GE* + a5 ICTY! + g MRD!
Oy as 273 (15)

Equation (15) gives us the mean, but we need to account for
time stupidity and patterns as well as the spillover effect and
transient global or regional shocks. Additionally, the AMG
estimator approach suggested by Wendt et al. (65) incorporates a
common dynamic method into the country regression, which
accounts for cross-sectional dependency (86). This estimator is a
two-stage process:

Step—l : Ayi,t =aq;+ ﬁiAXi,t + Yi ft + ZleADt +£i,t (16)
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where A vy, indicates the dependent variable; A x;; denote the
independent variable; f; indicates country-exclusive estimation
coefficients; f; denotes the heterogeneous section is the unnoticed
common factor; d, denotes the standard dynamic process and time
dummies’ coefficient; denotes By “the mean group estimator” for AMG;
o; and g, explain the intercept and error term, correspondingly.
Furthermore, the robustness is examined by a mean group (MG).

4. Results and discussion
4.1. Descriptive statistics

In order to guide the additional empirical examination, it is
necessary first to list descriptive statistics for the variable in question.
This study focuses on LMR, LCO,, LIQ, LHE, LGE, and ICT. According
to the given value, income inequality has the maximum mean value,
and green energy has the lowest mean value. A significant difference
does not exist between the mean and median, which indicates that
there is no presence of an outlier in Table 2.

4.2. Pairwise correlation matrix

The strength and direction of the correlation between the variables
determine whether there is a beneficial or adverse association between
them. The correlation coefficient typically varies from minus one to
plus one. Strong correlations have values close to +1, whereas weak
ones have values closer to —1. In Table 2, we can see that the
correlation coefficients between the independent variable are quite
small, suggesting that there is no multicollinearity bias in the model
estimation (Table 3).

4.3. Cross-sectional dependency test

In particular, it presupposed that the CS are independent of one
another. However, there may be CS reliance in the panel data as a
result of globalization among nations. Ineffective and biased
estimators could result from ignoring CSD during the estimate
process. For this reason, CSD analyses were directed for this
examination, and the outcomes are revealed in Table 4. Subsequently,

TABLE 2 Descriptive statistics.

Variables ‘ Mean ‘ Median ‘ Maximum ‘ Minimum ‘ Std.

LMR 26,765 26,287 31,767 13,677 0.036
LCO, 23,544 22,954 55,265 16,287 0.053
LIQ 35,552 35,265 63,667 3,877 0.015
LHE 9,635 9,534 15,365 2,877 0.005
LGE 8,654 8,287 12,776 3,276 0.001
LICT 12,654 11,756 16,466 2,367 0.017
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TABLE 3 Correlation matrix.

10.3389/fpubh.2023.1094775

LMR 1
LCO, 0.732 1
LIQ 0.472%* 0.386* 1
LHE —0.653%* —0.536%* —0.637* 1
LGE —0.476* —0.375% —0.628% —0.725%* 1
LICT —0.637* —0.476%* —0.548% —0.217* —0.703*

* and ** show the level of significance at 1 and 5%, respectively.

TABLE 4 CSD test.
Variables Pesaran'’s test Frees' test Friedman's test
LMR 34,276 (0.012) 9,376 (0.000) 49,387 (0.001)
LCO, 42,466 (0.000) 31,377 (0.012) 48,987 (0.005)
11Q 21,636 (0.000) 13,498 (0.031) 59,648 (0.023)
LHE 18,255 (0.001) 13,784 (0.029) 63,675 (0.013)
LGE 13,264 (0.021) 7,487 (0.000) 76,498 (0.005)
LICT 27,475 (0.005) 14,387 (0.002) 64,987 (0.000)

CSD was identified as being present. Results from the first-generation
unit root test (87) may be skewed and deceptive in the occurrence of
CSD. This detection makes us handle the issue of CSD by employing
a distinctive set of unit root tests, namely the second-generation
scheme generated by Pesaran et al. (88), known as the CADF
and CIPS.

4.4. Results of CADF and CIPS unit root
tests

IPS and LLC unit root tests, which are of the first generation, are
not used in this empirical work since they do not account for the
problem of CS dependence. Instead, we employ the CADF and the
CIPS unit root tests. Crucially, the CIPS and CADF tests generate
credible outcomes even when CS dependence and variation among
sample nations are present. The results of the CADF and CIPS unit
root tests reveal that the variables LCO,, LIQ, LHE, and LGE are
integrated at the first difference, expected LMR and LICT. This
research uses cutting-edge methods to achieve the desired results
(Table 5).

4.5. Panel co-integration approach

The ECM co-integration method established by Westerlund and
Edgerton (82), was also used to successfully estimate the co-integration
link between the two ED models. The outcomes of the co-integration
tests are displayed in Table 6, which combines the constant and trend
values. The HO of no co-integration is rejected with bootstrapped
significant p-values via panel and group statistics. This output
demonstrates that the LMR, LCO,, LIQ, LHE, LGE, and LICT are all
co-integrated. It follows that the null hypothesis (HO) of no
co-integration between the relevant variables is rejected.
Co-integration testing is obeyed by an analysis of the relationship
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between the variables. Consequently, co-integration necessitates the
use of long-term estimators such as CS-ARDL and CC-EMG.

4.6. CS-ARDL estimator

Table 7 shows the outcomes of CS-ARDL that techniques only
displays the short run and long run outcomes of the variables.
However, the given table shows four different models, in first model
this study shows the main effect by each variable on explained one. In
models 2, 3, and 4 this study investigates the moderate role of income
inequality on health expenditures (model 2), green energy (model 3),
and LICT (model 4).

Similarly, the given Short run results shows carbon emissions and
income inequality increases the mortality rate, while health
expenditures, green energy and ICT cause to decline in mortality rate.
Moreover, in short run this study shows income inequality is the
leading problem in mortality rate via its inverse association. Therefore,
the long-term effects of carbon emissions on human health are
positively influenced by a coefficient of 0.3876, 4.4863, 3.7765, and
0.7398%. According to numerous scientific investigations, CO,
worsens environmental conditions by increasing levels of air pollution,
elevating health concerns (89-91). Heart sickness, lung cancer, stroke,
lower breathing toxicities, chronic bronchitis, and early mortality are
all linked to breathing in high quantities of contaminated air from
emissions. This has led to several research connecting CO, emissions
to health problems (25). According to these findings, countries with
significant environmental difficulties are more likely to have serious
public health problems, such as cardiovascular and respiratory
illnesses (92, 93). It’s consistent with previous research that found a
favorable correlation between poor environmental quality and
cardiovascular disease outcomes (94). Chen et al. (95) estimates also
corroborate our findings, demonstrating that carbon pollution raises
health concerns. In other words, it’s safe to assume that air pollution
harms human health by lowering environmental quality, which in turn
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TABLE 5 CADF and CIPS test.

Variables = CADF unit root test CIPS unit root test
Level 1st Level 1st
difference difference
LMR —5.588% —7.474 —2.788% —6.777
LCO, —-2.835 —5.835% —1.565 —5.897%
LIQ —1.286 —3.765% -1.876 —5.756%
LHE -1.676 —7.574% —1.366 —3.876%
LGE -1.873 —6.565% —1.558 —3.497%
LICT —2.764* —6.566 —3.877% —6.655
*, % and *** means level of significance at 1%, 5% and 10%.
TABLE 6 Westerlund cointegration.
Statistics Value Z-value P-value Robust
P-value
G, —7.676 5.566 0.081 0.000
G, —9.354 3.889 0.000 0.002
P, —3.676 2.776 0.012 0.127
P, —8.676 4.998 0.287 0.006

reduces productivity on the job. This effect is confirmed by the
regression analysis, which uncovers a positive and statistically
significant connection between emissions and health problems.
Moreover, this regression result supports our primary aim by
suggesting that health problems are increasing with CO, emissions.
The findings indicate that income inequality contributes to higher
rates of mortality. The results show that the death rate rises by 6.5275
percentage points in the short run (for every 1% rise in income
disparity) and by 0.9766 percentage points in the long run (for every
1% rise in income inequality). According to our findings, unequal
wealth distribution has negative effects on public health. The steep rise
in wealth disparity in China has coincided with a corresponding rise in
the mortality rate in China. There was very little risk of dying due to
poverty levels in 1981. However, if wealth disparity continues to grow
over the next 30years, it could shave off around 0.56 years from men’s
life expectancy and about 0.39years from womens. We take a
traditional approach and simulate that income disparity does not
straightly harm individual health to help estimate the life loss from
income dissemination. This might not be the case. The latest estimates
of a Gini coefficient of 0.5 (96) or even higher (97) in China suggest that
we may be grossly underestimating the life loss from income disparity
in current years. Although the relationship between individual health
and income inequality is positive, as proposed by Khan et al. (28). Loss
oflife due to income inequality may affect population dynamics outside
life expectancy, as the correlation between the two is stronger (98).
The results demonstrate that healthcare spending reduces life
expectancy by —0.7228, —7.9876, —0.6764, and —0.2878% in the
short term and —5.036, —2.965, —2.387, and —0.937%, respectively
in the long run. Pavlichenko et al. (99) and Correia et al. (100)
analyzed the research conducted in high-income nations and found
that health insurance generally led to better health. To reestablish
CMS, providing financial aid to the poor, and targeting the supply
side, including strengthening the infrastructure of township health
clinics, Newson et al. (101) studied the results of the World Bank
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TABLE 7 Short and long run CS-ARDL estimator.

Variables Modell Model2 Model3 Model 4

Short run result

LCO, 0.7368% 4.6478%* 0.9654* 0.4677*
(0.012) (0.002) (0.005) (0.000)

LIQ 6.5275%% 0.62547% 2.7665% 0.5865%
(0.021) (0.012) (0.000) (0.001)

LHE —0.7228% ~7.9876% —0.6764% —0.2878%
(0.000) (0.000) (0.000) (0.001)

LGE —8.2765%% —0.8276%* —0.9876% —0.2796%%
(0.028) (0.021) (0.000) (0.005)

LICT —0.5975%% —0.2886%* —0.6376% —0.4725%
(0.031) (0.028) (0.000) (0.001)

LIQ * HE - —0.6576* - -

(0.000)
LIQ * GE - - —0.3876%* -
(0.006)
LIQ * ICT - - - —0.82877%%
(0.021)

Long run test

LCO, 0.3876%* 4.4863* 3.7765% 0.7398%
(0.029) (0.000) (0.002) (0.005)

LIQ 0.9766* 0.4376* 6.9277%% 0.3987*
(0.000) (0.000) (0.012) (0.003)

LHE —5.0365%+* —2.9656%* | —2.3872%* —0.9376%*
(0.023) (0.005) (0.021) (0.045)

LGE —0.7387%#% —0.4346%% | —3.6353%* —0.8367*
(0.012) (0.047) (0.032) (0.000)

LICT —0.9275%% —0.3987% —3.4776% —0.9375%%
(0.015) (0.000) (0.007) (0.035)

LIQ * HE - 0.3762%% - -

(0.045)
LIQ * GE - - 0.6487 -
(0.000)
LIQ *ICT - - - 0.7665%*
(0.021)

*, #% and *** means level of significance at 1%, 5% and 10%.

Health VIII project in the province of Gansu in the northwest of
China. When participants were asked to rate their health before and
after the project, they discovered that it did not affect how they felt
about their health. The results of an evaluation of a community-
based health insurance plan implemented between 2003 and
2006 in one of China’s western provinces, done by Pavlichenko et al.
(99), were good for the health status of enrollees. In contrast to the
plan proposed by Pavlichenko et al. (99), NCMS initially did not
pay for outpatient services in several areas. Until they are ill and
qualify for inpatient service, patients may put off using health care
services, which does nothing to lower the financial load on the
enrolled or improve their health. He et al. (102) analysis using the
same data as Pavlichenko et al. (99) supported the above result,
suggesting that the provider payment mechanisms are distinct, with
salary plus performance-based bonus versus fee-for-service
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(NCMS). High co-payments are another obstacle to healthcare
access for low-income NCMS members, as He et al. (102)
discovered.

Findings show that green energy is not without its detrimental
effects on health problems. The outcomes illustrate that in the short
term, increasing the use of green energy reduces health problems by
—8.2765, —0.8276, —0.9876, and —0.2796%, and in the long term, by
—0.7387, —0.4346, —3.6353, and —0.8367%. Here we feel the
difference in coefficient because combinations of variables in the
single model use. Simply put, this difference is due to the model
differentiation via main and moderate role of income inequality.
However, in the point of policymakers higher authorities must focus
on their association rather than its impact. Therefore, it is surprising
for us if higher authorities insist to use green energy it would bring a
significant decline in mortality rate in long run. Pollution from
carbon emissions is a major contributor to declining global health.
China can lower its overall carbon emissions by favoring renewable
energy sources in its manufacturing processes. As illustrated, REC is
negatively influencing issues. Based on these results, countries
adopting widespread usage of REC might expect significant
improvements in health outcomes. To lessen the impact on people
and the planet and to confirm a high standard of living and a healthy
ecosystem, it is currently suggested that renewable energy sources
be utilized to their fullest extent. If China makes better use of its RE
sources, this could lead to a dramatic decline in health problems.

A similar, detrimental effect of LICT on mortality has been
observed. The results reveal that in the short, and long term, the
mortality rate decreases by 0.5975, 0.2886, 0.6376, and 0.4725% for
every 1% increase in the level of information and communication
technology, respectively. The most important takeaways from this study
are as follows: First, and most importantly, our model confirms that
there is a negative association between the rate of death and depth of the
Internets development, popularity, infrastructure, information
resources, and applications. Second, whereas the middle and western
parts of China do not benefit as much from Internet expansion, the
eastern part of the country does. Finally, the validated results for the
transmission mechanism demonstrate that expanding Internet access
has the potential to further lower mortality rates by encouraging
improvements in science and technology, education, medicine,
urbanization, and opening up. The major goal of this investigation is to
look into the secondary influence of income disparity on health care
costs, renewable energy, and information and communication
technologies. In both the short and long term, income disparity is
inversely related to mortality [this result is in line with Shah et al. (103)].

4.7. Robust check for CC-EMG estimation

The results of a rigorous test of the CCEMG estimation are shown
in Table 8. Results from this model indicate that carbon emissions
increase mortality by 0.7465, 0.4776, 0.5476, and 0.3987% at the 1, 5,
and 10% levels of significance, correspondingly. Similarly, income
inequality reduces the death rate by 0.4733, 0.8476, 0.4875, and 0.8465%
points. Health expenditure has a negative influence on mortality rate,
with a— 0.5976, —4.9873, —0.5765, and —0.2878% reduction in
mortality for every 1% increase in health expenditure, respectively.
Green energy is correlated with a decrease in mortality of —0.4665,
—0.4878, —0.5774, and —0.3987%. A total of —0.5487, —0.5987,

Frontiers in Public Health

11

10.3389/fpubh.2023.1094775

TABLE 8 CC-EMG test.

LCO, 0.7465% 0.4776* 0.5476*% 0.3987%
(0.000) (0.005) (0.012) (0.005)
1IQ 0.4733% 0.8476* 0.4875% 0.8465*
(0.001) (0.000) (0.002) (0.005)
LHE —0.5976%* —4.9873%%* —0.5765%* —0.2878%
(0.005) (0.024) (0.016) (0.001)
LGE —0.4665%* —0.4878%* —0.5774* —0.3987%**
(0.076) (0.000) (0.005) (0.029)
LICT —0.5487* —0.5987%*%* —0.6376%* —0.4997%
(0.000) (0.061) (0.045) (0.001)
LIQ * HE - —0.8765%* - -
(0.037)
LIQ * GE - - —0.7076%* -
(0.027)
LIQ * ICT - - - —0.6447*
(0.000)

*, %% and *** means level of significance at 1%, 5% and 10%.

—0.6376, and —0.4997% decreases in mortality were seen after adjusting
for the effects of LICT. Positive effects on mortality of —0.8765, —0.7076,
and —0.6447% are also observed for the moderate effect.

5. Conclusion and suggestions

The main emphasis of this analysis is the examination of
determinants of mortality rate in 25 provinces of China for the period
2005 to 2020. These determinants are carbon emission, income
inequality, health expenditure, green energy, and ICT. The focus on
the China region is explained by its leading role in the world economy.
The study first finds reliance through nations and CIPS and CADF
panel unit root tests. Based on the validation of the co-integration
association, then the study implements system CS-ARDL and
CCEMG estimators that yield short and long-run CS-ARDL
co-integration parameters for estimations. Moreover, this study
employed the CCEMG test to investigate the robust check among the
selected variables. The key results can be summarized as carbon
emission and income inequality have a positive influence on the
mortality rate. Health expenditure, green energy, and ICT have a
negative impact on the mortality rate.

In light of these findings, economists and politicians are encouraged
to propose policy actions that will boost ecological quality and lessen the
load of health problems. First, the federal government, in conjunction
with the state and provincial governments, should move swiftly to
regularly maintain and appropriately manage the woods. Public
investments in the forestry industry, including forest management,
replanting, afforestation, and cleaning operations that engage locals in
caring for the forest and providing rewards and motivations for their
facilities in forest management, can help reduce CO, emissions. In
addition, the government should pass laws prohibiting deforestation
and, if required, provide limited licenses to deforestation with the
stipulation that twice as many trees be planted as are felled. In addition,
shifting away from non-renewable energy and toward renewables in the
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energy sector is the most efficient way to lower carbon output. To
immediately reduce air pollution, China could implement transportation
reforms similar to those in the Netherlands, where wind power has
replaced coal and oil as the primary source of electricity for trains. In
addition, the government should mandate that all enterprises install
pollution treatment plants. Lastly, the government should improve the
quality of life for its citizens by investing in infrastructures like green
spaces and sewage treatment plants. The ramifications of this approach
will aid in managing health problems at the population level.

Moreover, our findings imply that relocation of wealth from the
wealthy to the poor will enhance health outcomes and reduce health
inequalities while also decreasing income inequality. State-run medical
insurance programs (including the New Rural and urban Co-operative
Medical Scheme etc.) and old-age insurance programs have been
developed since the early 2000s (i.e., New Rural Old-age Insurance). This
was the intended result of these initiatives. The rate of increase in Chinas
income gap appears to have slowed since about 2010 (26). To determine
whether or if this is the start of a new tendency that would eventually
improve the health of Chinas population, more study is required.

The Chinese government has lately unveiled plans to advance the
alternative-fuel vehicle sector. According to the plan, by 2035, electric,
plug-in hybrid, and fuel cell vehicles (ICEV's) would account for just 50%
of new vehicle sales in the country, while the remaining 50% will
be traditional hybrids, which still rely fully on gasoline but offer greater
fuel efficiency. Starting in 2035, new pure ICEVs will no longer be sold.
Beginning in 2021, EV adopters will receive fewer monetary enticements
than in the past; however, a new supportive strategy will emphasis on
HFCVs to enhance the supply chain and technologies of the industry. In
order to support the widespread use of AEVs in China, local governments
are being urged to promote harmony between environmental and
industrial interests. If rapid decarbonization of power generation occurs
at the same time, China’s current AEV program will lead to decreased air
pollution and carbon emissions from the automotive sector.

As a first step, we need a higher standard of internet application
development in the health and medical domains. The growth of the
Internet and its ancillary indicators has greatly facilitated the growth of
medical treatment, which has greatly lowered the mortality rate and
enhanced the health of citizens. Thereby, advancing “internet + medical”
and “Healthy China 2030” need a solid groundwork for increased
internet development in the medical and healthcare sectors. To further
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