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A comprehensive understanding of the impact of economic growth and environmental pollution on public health is crucial to the sustainable development of public health. In this paper, an individual fixed effect model is used to analyze the impact of environmental pollution and economic growth on public health, based on the panel data of 30 provinces in China from 2007 to 2018. The research finds that: First, the health status of China's four regions is not only affected by economic growth and environmental pollution, but also affected by the per capita disposable income and urbanization rate. Second, there is a long-term balanced relationship between China's economic growth, environmental pollution and public health. Third, environmental pollution harms children's health and significantly increases the perinatal mortality, while economic growth helps to reduce the perinatal mortality. Fourth, environmental pollution plays a regulatory role between economic growth and public health. Fifth, there are significant regional differences in the impact of environmental pollution and economic growth on public health. Among them, the degree of harm caused by sulfur dioxide emissions on mortality in northeastern China is significantly higher than that of the eastern China, eastern China is higher than that of the western China, and western China is higher than that of the central China. Finally, in order to reduce the adverse consequences of environmental pollution on public health in the process of economic development, this study puts forward relevant policy suggestions.
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INTRODUCTION

In recent years, China's economy has undergone earth-shaking changes and people's living standards have also been significantly improved. From 2007 to 2015, China's gross domestic product (GDP) increased by 2.6 times. At the same time, the total amount of industrial waste gas emission also increased by 1.8 times. It can be seen that with the rapid development of economy, environmental problems are becoming more and more prominent (1). Environmental pollution can cause great harm to people's health and bring huge social losses (2, 3). According to the statistics from the World Health Organization (WHO), air pollution can produce a large amount of toxic gases, which impair children's development ability and lead to chronic diseases such as respiratory tract infections. Among them, 93% of children under the age of 15 suffer invisible harms. Therefore, accurate grasp of relationship between environmental pollution, economic development and public health has important reference value to improve people's health. As early as the 1970s, foreign scholars analyzed the impact of environmental pollution on public health based on Grossman's health production function (4). It has been recognized that there is a stable and balanced relationship between environmental pollution and public health, and environmental pollution has had a huge negative effect on public health and increased the burden of medical expenditures (5). At present, China is the largest energy consumer, and the healthcare needs caused by environmental pollution are increasing day by day (6). To cope with this severe challenge, the Chinese government has complied the Outline of the Healthy China 2030 Plan, emphasizing that we should focus on improving people's health so as to meet people's growing health needs and improve health equity. However, the basis for this goal lies in the comprehensive understanding of health influencing factors. It is necessary to further clarify the impact of regional economic development and environmental pollution on public health in China, which is of great significance to promote the development of regional public health. Therefore, this paper takes China as an example, establishes a regression model based on the Grossman health production function, and conducts an empirical analysis on the relationship between China's economic development, environmental pollution and public health, as well as the differences in health levels in various regions, so as to put forward relevant policy suggestions and provide intellectual support for the steady development of public health.

The next arrangement of this paper is as follows: the second part sorts out the relevant research results of environmental pollution, economic development and public health, and proposes the research innovation points of this paper; the third part mainly includes research methods and data sources; the fourth part is the research results that show the main findings of this research, and the fifth part concludes this research, puts forward corresponding policy recommendations, and summarizes the shortcomings of this research.



LITERATURE REVIEW

At present, the research on the correlation among environmental pollution, economic growth and public health has received extensive attention from academic circles. The existing literature focuses on the relationship between environmental pollution and economic growth, economic growth and public health, environmental pollution and public health. In terms of the relationship between environmental pollution and economic growth, some scholars made quantitative analysis through methods of data envelopment analysis (DEA), Granger causality test analysis and Environmental Kuznets Curve (EKC) hypothesis from the perspective of green economic development. For example, Zhang et al. used the super efficiency general direction distance function model to measure the efficiency of resource-saving cities based on the panel data of 197 cities in China from 2011 to 2015, and found that the rapid development of urban economy often comes at the expense of environmental pollution, thus putting forward relevant suggestions for the sustainable development of green economy (7). Jiang et al. analyzed the causal relationship between economic policy uncertainty and environmental pollution in the United States, and found that there is a significant causality between them (8). Based on 284 prefecture-level panel data, Chang et al. studied the EKC hypothesis using the spatial dynamic panel data model and proposed that the relationship between environmental pollution and economic growth in China conforms to an inverted U-shaped curve, and features robustness (9). In terms of the economic growth and public health, a two-way relationship is found after combing the literature. On the one hand, economic development has an impact on public health. On the other hand, public health has an impact on economic development. Guhn et al. analyzed the relationship between economic level and children's health status by using the Canadian database on health care and economic development, and found that there is a significant positive correlation between the two, so that poverty is considered as one of the main reason cause public health problems (10). Wang et al. conducted an empirical analysis of 31 provinces in China by established an individual fixed effect model, and found that the target setting of economic growth and public health quality took on a U-shaped trend (11). Long et al. analyzed the relationship between environmental pollution and health level by establishing a health damage model and found that the lower the health level, the greater the economic loss (12). From the perspective of environmental pollution and public health, academia has conducted a lot of research on the impact of environmental pollution on public health and achieved certain results. After reviewing the literature, it is found that scholars' research generally starts from two aspects: analytical method and econometric model. First, for analytical method, scholars generally adopted dose-response relationship and exposure response principle. Klepac et al. analyzed the consequences of pregnancy through air pollution indicators and found that exposure to ambient air pollutants throughout pregnancy is positively correlated with preterm birth (13), and environmental pollution has adverse effects on pregnant women; Manisalidis et al. analyzed the exposure to pharmaceuticals method, found that the elderly, children and asthma patients are more susceptible to the effects of high concentrations of environmental pollution, and there are short-term and long-term effects, thus increasing the mortality rate (14). Second, for econometric model, scholars generally conduct research on the basis of the Grossman health production function. Hao et al. used the data of Chinese provinces from 1998 to 2015 to analyze the relationship between environmental pollution and medical expenditure by using Gaussian Mixture Model (GMM), and found that the higher the degree of environmental pollution, the higher the frequency of residents seeking medical treatment, and the higher the health expenditure (15). It can be seen that there is a negative correlation between environmental pollution and public health level. Qu et al. used the Stochastic Impacts by Regression on Population, Affluence, and Technology model (STIRPAT) to show that haze pollution relates to the decrease of public health level, while the per capita disposable income and medical service level relate to the increase of public health level and thereby help reduce mortality, so the importance of environmental governance is emphasized and relevant suggestions are put forward (16).

Overall, the existing literature systematically discusses the relationship between environmental pollution, economic growth and public health, but there is still room for improvement. First, the direct impact of economic growth on environmental pollution can indirectly compromise public health, so it is necessary to analyze the impact of economic growth and environmental pollution on public health. Second, public health levels in different regions vary a lot due to the different levels of regional economic development. Most of the existing studies focus more on a certain region, and less on the overall picture of China and its sub-regions. Therefore, this paper uses the panel data of 30 provinces in China from 2007 to 2018, establishes an individual fixed effect model based on the Grossman health production function, and divides China into four regions, namely the eastern region, the northeastern region, the central region and the western region. Research on the relationship between environmental pollution, economic growth and public health in various regions aims to provide policy recommendations for health equity, as well as experience and reference for public health in other developing countries.



RESEARCH METHODS AND DATA SOURCES


Panel Data Model


Unit Root Test

In the process of panel data regression analysis, in order to ensure the stability of the research data, it is necessary to perform a unit root test on the panel data, so as to avoid false regression in the data (17, 18). If it passes the test, it means that the data is stationary and there is no unit root; if it does not pass the test, the data needs to be differentiated to eliminate the unit root and change to a stationary sequence. Therefore, the following auto regressive model is established:
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Where xit represents the exogenous variable vector in the model, εit represents the independent and identically distributed random error term, and ρi is the auto regressive coefficient. If|ρi| = 1, it means that there is a unit root, that is, the model is not stationary, if |ρi| < 1, it means that the model does not have a unit root, that is, the model is stable, N represents the number of cross-sectional data, and Ti represents the t-th period of the i-th cross-sectional data.

Panel data unit root test can be divided into long panel test and short panel test according to the total number of sections and periods. Long panel unit root test includes Levin-Lin-Chu Test (LLC Test), Im-Pesaran-Shin Test (IPS Test), Breitung Test and Augmented Dickey-Fuller Fisher Test (ADF Fisher Test);short panel unit root test includes Harris-Tzavalis Test (HT Test). This paper mainly adopts the HT test applicable to short panels.



Co-integration Test

The panel data co-integration test is based on the same-order single integration in order to test whether there is a long-term stable balanced relationship between variables. Common co-integration tests are divided into two categories: Engle and Granger's two-step (EG two-step method) panel data co-integration test and Johansen's co-integration test. This paper mainly uses the Kao co-integration test and the Pedroni co-integration test of the EG two-step method.



Model Estimation

The estimation process of the panel data model can be divided into two steps: first, determine the model form. Panel data model can be divided into constant coefficient model, variable intercept model and variable coefficient model according to whether there is individual influence and structural changes; second, describe the model impact. That is, making a decision between random effect model and individual fixed effect model. The basic models of panel data are as follows:
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There are two main assumptions:
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Through the Fisher-test (F-test), if the alternative hypothesis H2 is accepted, it conforms to the constant coefficient model, select Equation (4), and the test ends. If the alternative hypothesis H2 is rejected, the original H1 shall be tested. If H1 is accepted, it conforms to the variable intercept model and select Equation (3). Otherwise, if H1 is rejected, it conforms to the variable coefficient model and select Equation (2). After determining the model form, the Hausman test can be used to judge whether to build a solid effect model or a random effect model.



Model Construction

In order to study the relationship between economic development, environmental pollution and public health, this paper is based on the Grossman health production function, and draws on the research results of Lu et al. (19) to add economic factors and pollution factors into the model. The regression model is as follows:
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The explanatory variable is the level of public health. According to WHO's measure of health, this paper selects perinatal mortality (PM) as an indicator of public health.

The core explanatory variables are economic development and environmental pollution. The level of economic development is measured by per capita gross domestic product (PGDP) (20). Compared with other environmental pollution, air pollution is more harmful to human body (21, 22), so this paper selects sulfur dioxide emission (SO2) as the environmental pollution indicator.

The control variables are medical service conditions, residents' living standards and demographic characteristics. The indicators of medical service conditions include the number of health personnel (NHP) and the price of medical and health services (PMHS). The indicators of residents' living standards include per capita disposable income (PDI) and urbanization rate (UR) (23). The population aging rate (PAR) was used as the index of population characteristics.




Data Sources

This paper uses the national data from 2007 to 2018 as the research sample for empirical analysis. Relevant data are compiled from China Statistical Yearbook (2008–2019), China Health Statistical Yearbook (2008–2019), and China Environmental Statistical Yearbook (2008–2019). In order to eliminate the heteroscedasticity of data, the logarithm of SO2, per capita GDP and per capita disposable income is taken.




ANALYSIS RESULTS


Descriptive Analysis

The economic development status of each province in China is different, and the degree of environmental pollution is also significantly different (24), so the health level of each province is also different. In order to better understand the public health level of various regions in China, This paper divided 30 provinces into eastern region, northeast region, central region and western region according to its geographical location (see Table 1).


Table 1. Descriptive statistical analysis results.
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As mentioned above, in order to eliminate the impact of data heteroscedasticity, this paper takes the logarithm of SO2, per capita GDP, and per capita disposable income to conduct descriptive analysis of each indicator. From the perspective of public health, the average value of perinatal mortality in the eastern region is the lowest, while the average value of perinatal mortality in the western region is the highest, which are 0.0051 and 0.0083, respectively. At the same time, the minimum value of mortality is 0.002 and the maximum value is 0.019, indicating that there are significant differences in the health levels among provinces in China. In terms of environmental pollution, the average value of SO2 in the eastern region is the lowest, while that in the central region is the highest, which are 12.482 and 13.276, respectively. From the perspective of economic growth, the average value of per capita GDP in the western region is the lowest, which is 10.281, while the average value in the eastern region is the highest, which is 10.967.For other control variables, the number of health workers, medical prices, per capita disposable income and urbanization rate in the eastern region are better than those in other regions. The region with the lowest average proportion of people over 65 is the central region, while The mean values of the control variables in the western region are all lower. To sum up, the central region has the highest sulfur dioxide emission, but the mortality is not the highest. It can be seen that the health status of various regions in China is also affected by other factors in the process of environmental pollution.



Panel Data Stability Test

Since the units of each variable are different, in order to narrow the dimensional gap between the data and facilitate subsequent regression calculations, it is necessary to standardize all the variables after taking the logarithm of some data. At the same time, in the process of panel regression, in order to avoid unstable variables and false regression, it is essential to test the unit root of the data to ensure the effectiveness of the data (25). Since this paper uses the data of 30 provinces in China from 2007 to 2018, which is a short panel, and the number of cross-sectional data is larger than the number of time series, so the HT test for short panel data is used for unit root test (see Table 2). The original sequence has unit roots and is a non-stationary sequence. Due to the volatility of the data, the difference method is used to eliminate the unit root. As can be seen from Table 2, each data passes the HT test under a confidence level lower than 1%, rejecting the original hypothesis, that is, the data after the first-order difference is stable and there is no unit root. However, all variables are stable only after the first-order difference, that is, the first-order single integration accumulates force, it still needs to be co-integrated test whether there is a long-term stable equilibrium relationship between the observed variables.


Table 2. Unit root test.
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Panel Data Co-integration Test

Co-integration test methods include EG two-step method and Johansen co-integration test method. In this paper, the Pedroni test suitable for heterogenous test and Kao test for same root test in EG two-step method are mainly used. The null hypothesis is that there is no co-integration test. As can be seen from Table 3 that the national panel data rejects the null hypothesis under the Kao test and the Pedroni test, that is, through the co-integration test, each explanatory variable and the explained variable have a long-term stable equilibrium relationship, the data volatility is small, and the pseudo regression phenomenon is avoided. Therefore, the next research can be carried out.


Table 3. Co-integration test.
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Model Setting Test

There are generally three types of model estimation methods for panel data, including mixed regression models, fixed-effects models and random-effects models (26). As for which model is suitable for the data of sulfur dioxide, per capita GDP and two core explanatory variables, three steps are needed to test. First, the F-test is conducted. The original hypothesis is the selected mixed regression model, and the alternative hypothesis is the selected fixed effect model. From the test results, the f statistical values of the three models are 73.02, 80.09, and 83.79, respectively, and the null hypothesis is rejected at the significance level of 1%.So, the fixed effect model is selected. Second, through Lagrange Multiplier Test (LM Test), it can be seen from Table 4 that the three models reject the null hypothesis at the significance level of 1%, that is, they refuse to establish a mixed regression model and choose a random effect model. Third, Hausman test is performed to determine whether to choose a random effect model or a fixed effect model. The null hypothesis of the Hausman test is to choose the random effect model, and the alternative hypothesis is to choose the individual fixed effect model. According to the test results, both the sulfur dioxide model and the total model reject the original hypothesis at the significance level of 1%, The model of per capita GDP rejects the original hypothesis at the 5% significance level, that is, the individual fixed effect model should be selected for the following empirical analysis.


Table 4. Model setting test.
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Panel Data Regression Results

According to Equation (6), an individual fixed effect model is constructed for regression analysis to obtain the results (see Table 5).


Table 5. Results of national empirical analysis (2007–2018).
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From Table 5, the regression results of national panel data show that the F statistics of column (2), column (4) and column (6) pass the test at the significance level of 1%, and R2 are relatively high, which are 0.740, 0.763, and 0.776, respectively, indicating that the fitting effect of the three columns is very good. On the whole, Comparing the results of column 2, column 4 and column 6, it can be found that the fit of column 6 is better. Column (1) also shows that there is a positive correlation between SO2 and perinatal mortality. Sulfur dioxide emission has passed the significance level test of 1%, and the regression coefficient is 1.532, which means that for every 1% increase in SO2, the perinatal mortality will increased by 1.532%, that is, environmental pollution has a negative impact on the public health level of residents. Comparing column (1) and column (2), the impact of SO2 on perinatal mortality has decreased from 1.532 to 0.196% after the introduction of other control variables, and passed the significance level test of 10%, proving that other control variables help to reduce the impact of environmental pollution on public health. From the column (3), the per capita GDP passed the test at the 1% significance level with a coefficient of −0.755, which indicates that the growth of per capita GDP has a promoting effect on perinatal mortality. For every 1% growth of per capita GDP, the perinatal mortality will decrease by 0.755%, that is, there is a significant negative correlation between economic growth and health status. Column (3) obtains column (4) after introducing other control variables, and its coefficient increases from −0.755 to −0.427, which demonstrates that other control variables are not conducive to the impact of economic growth on residents' public health level. According to the results of column (6), the two core explanatory variables passed the test at the significance level of 1%, with coefficients of 0.456 and −0.546, respectively. Among the control variables, per capita disposable income passed the significance level test of 5%, with a coefficient of −0.076, declaring that per capita disposable income has a positive effect on health status. The urbanization rate is also significantly negatively correlated with the perinatal mortality, that is, it has passed the significance level of 1%, with a coefficient of −0.456, which is better than the impact of per capita disposable income on the perinatal mortality. The main reason is that the urbanization rate has increased, the education level of residents has improved, and their attitudes have changed accordingly, which is conducive to their investment and attention to health (27). Other control variables, namely health personnel, medical price and aging rate, have no significant impact on perinatal mortality. The reason may be that with the improvement of socio-economic level (15), the impact of individual demand on health level has increased compared with social supply (28). Comparing column (2) with column (6), by introducing the variable of per capita GDP, the sulfur dioxide emission coefficient increases from 0.196 to 0.456, which illustrates that under the condition of economic growth, environmental pollution is increasing and the health level is decreasing.



Heterogeneity Analysis

Due to the health levels of the 30 provinces in China are different. In order to understand the status of each region more clearly, this paper divides the 30 provinces in China into four regions, establishes a solid effect model for heterogeneity analysis, and tests the results. The results are shown in Table 6.


Table 6. Heterogeneity analysis results.
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Comparing the regression results of the four regions, the health status of the four regions is significantly affected by SO2 and per capita GDP. From the SO2 emission indicators, the coefficients of each region are 1.011, 1.536, 0.560, and 0.745, respectively. It is observed that the environmental pollution in Northeast China has the greatest impact on the health level, that is, for every 1% increase in sulfur dioxide, the perinatal mortality will increase by 1.536%. From the variable of per capita GDP, all regions passed the test at the significance level of 1%. Among them, the health status of the western region is more likely to be affected by economic growth. The main reason is that the economic development level of the western region is low, and people tend to consume expenditure and ignore service expenditure (29), Therefore, economic growth is conducive to enhancing the service expenditure and health level in the western region.

In terms of regions, the urbanization level and the aging rate in the eastern region have pasted the test under the significance level of 1%, with coefficients of −0.821 and 0.957, respectively, showing that the urbanization rate and mortality in the eastern region are negatively correlated, while the aging rate and mortality are positively correlated. This is primarily due to the rapid economic development and high urbanization rate in the eastern region (30), it is conducive to increasing residents' investment in public health (31), while the eastern region has a high aging rate and greater demand for health. Every 1% increase in the number of health workers in Northeast China will reduce the mortality by 0.663%, and pass the significance test of 5%. The basic reason is that sulfur dioxide emission has great impact on health status (32, 33). Therefore, increasing the number of health workers can promote the health level. The coefficient of health population in the central region is 0.532, which is significantly positively correlated with mortality. This is contrary to the hypothesis. The main reason is that the population density in the central region is low, and the per capita health population may be greater than that in other regions (34), while the low level of economic development promotes the high mortality. The western region is greatly affected by people's disposable income, and the higher the per capita disposable income, the lower the mortality. This is because the western region is restricted by the level of economic development and the residents have a lower tendency to spend money on medical services (35). To sum up, the health level of various regions in China is affected by different factors, and there are significant regional differences. Therefore, it is indispensable to develop public health services according to local conditions.




CONCLUSION AND DISCUSSION

Based on the panel data of 30 provinces in China from 2007 to 2018, this paper uses the individual fixed effect model to conduct regression analysis and heterogeneity analysis, and to explore the impact of regional economic growth and environmental pollution on public health. From the study, we can find that: First, the health status of various regions in China is significantly affected by other factors in addition to the variables of environmental pollution and economic growth. For example, per capita disposable income and urbanization rate are negatively correlated with mortality, per capita disposable income is significant at 5% level, and urbanization rate is significant at 10% level. Second, there is a long-term and stable equilibrium relationship between China's economic growth, environmental pollution and public health. Third, SO2 and perinatal mortality are significantly positively correlated, and have passed the significance test of 1%. For every 1% increase in sulfur dioxide emissions, the mortality increase by 0.456%. The per capita GDP has a positive effect on the reduction of perinatal mortality. If the per capita GDP increases by 1%, the perinatal mortality will decrease by 0.546%.Besides, the health level is also significantly affected by two control variables, namely per capita disposable income and urbanization rate. Fourth, environmental pollution affects the impact of economic growth on public health. As can be seen from Table 5, after introducing the variable of sulfur dioxide emission, the coefficient of total per capita domestic production changes from −0.427 to −0.546. Fifth, there are significant regional differences in the health level of the four regions and they are affected by different factors. In Northeast China, environmental pollution has the greatest impact on public health, while in Western China, the economic development level has the greatest impact on public health. Based on the above conclusions, in order to better promote the level of public health, the following policy suggestions are put forward:

First, the government should focus not only on economic growth, but also on environmental pollution and public health (36). Above all, the government should shift the mode of economic development, develop an environment-friendly society, and promote sustainable economic development. Moreover, the government should increase capital investment to promote the optimization and upgrading of industrial structure and increase support for new energy industry, so as to reduce the impact on the environment in the process of economic development. Eventually, the government should increase health care expenditure and further promote the infrastructure of medical service. Second, enterprises should clarify their responsibility of environmental protection and accelerate the application of energy-saving technologies (37). While enterprises have contributed to the economic growth, due to the external effects in the development of market economy, they have caused significant harm to the environment at the same time. Therefore, it is necessary to clear corporate social responsibility (38). Third, the four regions should adopt policies according to local conditions to improve the level of public health. The eastern region should pay Attention to the negative impact of aging population on public health, the northeast and central regions should focus on the construction of medical infrastructure and increase the number of health personnel, and the western region should accelerate economic development to promote the level of public health.

The empirical research conducted in this study helps to promote China's public health level, but this study can be further improved from the following aspects: Firstly, this paper adopts panel regression method to analyze the impact of economic development and environmental pollution on public health, other econometric methods can be used to study the relationship between regional economic development, environmental pollution and public health (39, 40). Secondly, there are many environmental pollution variables affecting public health. This paper only considers the variable of air pollution. Therefore, considering the impact of other factors on publihc health is a research direction in the future.
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