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Urbanization is an essential indicator of contemporary society and a necessary historic stage in the industrialization of all countries. Thus, we explore the impact of urbanization on public health using the OLS estimation and a two-way fixed effect model based on annual panel data from 175 countries from 2000 to 2018. This paper also addresses potential endogeneity issues and identifies causal relationships using the coefficient stability tests, system GMM, and instrumental variable method. The results demonstrate that urbanization positively affects public health. Furthermore, we find that the impact of urbanization on public health can be mediated through living standards, and nations with higher living standards reduce the effect of urbanization on public health. An increase in the urbanization rate can promote public health by improving residents' living standards. Our results have significant real-world implications for the research of urbanization and the formulation of public health policy.
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1. Introduction

Urbanization is the process of transforming rural population into an urban population (1), and is usually taken as a measure of social and economic development. The United Nations predicts that by 2050, the urban population will grow to 6.252 billion, with an urbanization rate of 67.2%. Rapid urbanization has given rise to “urban disease”, causing many social and environmental problems, such as, the disorderly development of urban space, excessive population aggregation, overemphasis on economic development, ignoring environmental protection, severe traffic congestion, shortage of energy resources, deterioration of the ecological environment, and thus on (2). How does urbanization affect public health? This is a question of great theoretical and practical significance. However, few studies focused on this issue in recent years, and the empirical evidence is relatively lacking.

Public health is one of the critical concerns of countries in the development process. The existing studies' ideas and methods of analyzing the relationship between urbanization and public health provide a solid reference for this paper. From the perspective of crude mortality and life expectancy at birth, this paper uses annual panel data of 175 countries from 2000 to 2018 to comprehensively evaluate the impact of urbanization on public health using multiple causal reasoning methods. We also adopt several kinds of robustness tests to increase the accurate of our findings.

The potential innovations of this paper are as follows: First, in the field of research data, we further expand the capacity of public health indicators and the number of countries and employs more extensive data to evaluate the relationship between urbanization and public health, making the evaluation effect more accurate. Most of the data in the existing literature cannot consider both time and region at the same time, and generally, there is a long-time span but only focus on a specific area, which is not comprehensive. For example, although Kegler et al. (3) obtained the relationship between urbanization and public health, its research scope only focused on the United States and was not universal. Although Li et al. (4) examined the relationship between the above two, they only used data from China. Such conclusions may not hold true on a global scale. Therefore, this paper uses panel data covering major countries in the world with a longer time span to conduct empirical research, which can more accurately assess the causal relationship between the two and obtain more general conclusions. It extends previous studies and enriches the literature in related fields.

Second, the relevant literature on the impact of urbanization on residents' health is not common, and most of it is a simple comparison of the health gap between urban and rural residents or a review (2), which lacks rigorous research based on empirical studies. In the existing empirical studies, some researchers adopted questionnaires for their analysis (5, 6). The lack of flexibility in the questionnaire will limit the responses of the respondents, and some more detailed and in-depth information may be omitted. Few studies based on econometric models mainly only conduct some simple regression and do not give clear answers in causal identification and robustness test of results (7, 8). This paper not only empirically tests the impact of urbanization on public health but also employs the bounding value analysis method of Oster (9), system GMM estimation, and the instrumental variable method of Lewbel (10) to determine the causal relationship between the two, and ensures the reliability of the results through a series of robustness tests. This study makes up for the lack of empirical evidence.

Third, living standards are closely related to urbanization and public health, and many studies have shown the pairwise links between the three (11, 12). In terms of channel analysis, this paper pioneeringly selects living standards as the mediating channel of urbanization rate affecting public health revealed the logic behind the mechanism of urbanization impact on public health for the first time. It can open the “black box” of the channel between urbanization impact and public health, and further strengthen the overall knowledge of the relationship between the two, enrich the relevant theories, and provide a more accurate reference for the government when formulating development policies.

The remaining parts of this paper are arranged as follows: the second part is the literature review; the third part is the research design and data situation; the fourth part is the empirical analysis, including the preliminary analysis and benchmark regression analysis; the fifth part is causal identification issues and strategies. The sixth part is a further discussion of the potential channel analysis; the seventh part summarizes the conclusion and proposes the policy suggestion. In Appendix, we carry out the robustness test.



2. Literature review

The impact of urbanization has long been a contentious issue. Researchers have noticed that increasing urbanization will have an impact on various aspects. For example, urbanization is closely related to economic development. Some scholars believe that the increase in urbanization rate can change the industrial structure, improve industrial production efficiency (13), enhance regional innovation ability, and drive the development of surrounding areas (14). Positive urbanization will promote the healthy development of the economy (15). However, the improvement of urbanization will accelerate the development of limited resources, contributing to many environmental pollution problems. Urbanization will worsen water quality (16) and increase carbon dioxide emissions (17). Urbanization changes the natural factors within the geographic system, and urban expansion and urban agglomeration may change the global distribution of PM2.5 concentration (18, 19), leading to a rise in PM2.5 concentration (20). In addition, the increase in urbanization rate also significantly impacts other aspects of development. The research of Satterthwaite et al. (21) proved that urban expansion would lead to the lack of agricultural land and the urban bias of infrastructure, services, and subsidized public funds.

For a long time, public health has been widely concerned by scholars. From the previous research content, the relevant research mainly focuses on two aspects. The first part mainly focuses on the influencing factors of public health, such as health expenditure (22), environmental policy (23), lifestyle, and social status (24). In addition, relevant studies have also shown that medical resource allocation (25), family-level harmony (26), and education (27) are all key influencing factors of public health. In the second aspect, scholars focus on selecting and constructing public health measurement indicators. Most of the public health indicators in existing studies are related to physical health. Examples include empirical stress and obesity rates (28), respiratory diseases (29), mortality (30), and life expectancy (31). Thurber et al. (32) adopted age-standardized health indicators, considering the correlation between physiological health indicators and age.

The impact of urbanization on public health has always been a controversial topic, and different scholars have different opinions on it. Some researchers argue that urbanization is harmful to public health through many channels. First, rapid urbanization will lead to a series of environmental pollution problems (33), including water pollution (16), dust pollution (34), and carbon dioxide emission (35) in urban residents' daily life. Environmental pollution is widely believed to harm citizens' health (36–39). Second, urbanization may lead to more chronic diseases and mental illnesses. Son et al. (40) adopted the Community Health Survey data in South Korea from 2008 to 2010 and found that urbanization would cause more asthma among residents. According to the research of Lambert et al. (41), urbanization will cause anxiety and emotional disorders, which is not conducive to the mental health of residents and will increase the incidence of infectious diseases (42, 43), affecting public health levels. Third, urbanization has changed people's living and working habits, resulting in adverse health effects. For example, Patil (44) found that urbanization changed diet and exercise habits, leading to the risk of obesity and overweight. Gong et al. (1) revealed that urbanization had led to changes in human activity patterns, diet, and social structure in China, resulting in frequent hypertension and other diseases. Fourth, in the process of urbanization, the supply of infrastructure and medical facilities commonly lags behind the speed of population agglomeration, which leads to various problems such as population crowding and difficult medical treatment (1, 45), which harms public health.

In contrast, another view holds that urbanization positively affects residents' health. The role of urbanization in promoting public health is mainly reflected in medical services. The level of medical and health services is compatible with urbanization development (46). There are significant differences in health resources between urban and rural areas (47). Health insurance coverage is higher in urban areas than in rural areas (48), and urban residents benefit from improved sanitation facilities (49). Urbanization also indirectly affects public health by affecting education and income. Lounkaew (50) used data from the PISA 2009 literacy test in Thailand and concluded that the education level of urban students was higher than that of rural students. As mentioned above, education is an important factor influencing public health (27). Chauvin et al. (51) compared urbanization in the United States, Brazil, China, and India and found that urbanization would lead to an urban-rural income gap, and India had the largest urban-rural income gap. Residents' income significantly affects their health level (52), while urbanization indirectly affects public health by increasing the income level of urban residents. Based on literature review and reality analysis, we propose a research framework (see Figure 1).


[image: Figure 1]
FIGURE 1
 Research framework of the impact of urbanization on public health.




3. Research design


3.1. Econometrics model

In 1972, Grossman first analyzed residents' micro-health demand by establishing health production functions. This function considers many factors, including income pattern, living standards, education, environment, etc. (53). The model has been enriched and perfected in subsequent studies (54–56).

With the continuous increase of urban population and urbanization rate, the demand for public health services also increases. Urbanization has led to improvements in living standards, education and regional investment in public health (49, 50). On the contrary, regional environmental conditions, residents' working pressure and other factors may be negatively affected by urbanization (17, 44). Therefore, it is reasonable to take urbanization as an explanatory variable affecting residents' public health.

Based on the relevant literature and practical experience (57–60), real GDP per capita, primary school enrollment rate, women's fertility rate and domestic private health expenditure is closely related to public health and health conditions. Therefore, we take these factors as control variables to control the impact of these factors on public health status. According to the Grossman model, a simplified health production function can be expressed as:

[image: image]

where H represents the resident health variable and Xi (i = 1, 2, 3, … n) represents the factors affecting public health.

If the vector Xi affecting individuals is converted into a set of variables representing urbanization, economy, health expenditure, education, life standard, trade, foreign direct investment, the health production function can be expressed as C-D (Cobb- Douglas) production function:

[image: image]

where (Urb, Eco, Hex, Edu, Lst, Tra, FDI, O) represents urbanization, economy, health expenditure, education, life standard, trade, foreign direct investment and other factors affecting health, respectively, α, β, γ, λ, η, θ, σ, μ is the corresponding elastic coefficient, and Ω is the estimated value of the initial public health. This paper selects relevant economic variables, health variables, education variables and life variables for empirical analysis. In addition, in the robustness test, this paper adds trade variables and FDI variables. By taking the logarithm Equation (2), Equation (3) is obtained:

[image: image]

Based on Equation (3), the econometric model of this paper is set as follows:

[image: image]

where Healthit refers to the public health condition of country i in year t, and Urbanizationit is the urbanization level of country i in year t. Controlit is a matrix of control variables to control for other factors that may impact public health. uit is the stochastic disturbance term.



3.2. Variable selection and data source

Crude death rate and life expectancy at birth are two indicators used to measure public health in a specific region and are widely used by scholars (61, 62). Therefore, we select crude death rate(logdeath) and life expectancy at birth(loglife) as dependent variables in this paper. For comparative study, we also subdivide life expectancy at birth into male life expectancy at birth(loglifem) and female life expectancy at birth(loglifef). These two variables are also added to the explained variables.

To measure the level of urbanization which is an explanatory variable, we refer to relevant literature (63, 64) to measure the urbanization level of a region by the urbanization rate. This paper measures the urbanization rate by the urban population ratio to each country's total population.

Our study uses annual panel data for 175 countries from 2000 to 2018 (list of countries in Appendix section), with data from the World Development Indicators (WDI) database in World Bank. The time period was chosen because the World Bank database lacked data before 2000, and urbanization in many developing countries had just started since 2002. According to the data of the World Bank, the growth rate of the global urbanization rate has been < 2% since 2018, significantly slowing down. Therefore, the sample time selected in this paper is from 2000 to 2018. We take the logarithm of all the variables selected to eliminate heteroscedasticity and reduce the amount of data for calculation. In addition, taking logarithms can also avoid interpretation difficulties due to inconsistent units. After taking the logarithm of the independent and dependent variables simultaneously, the estimated variable parameter can be interpreted as the elasticity.



3.3. Descriptive statistics

The descriptive statistics of the main variables are shown in Table 1. As can be seen from Table 1, the urbanization rate(urban) ranges from 8.246 to 100%, with a standard deviation of 22.97, indicating a considerable gap in the level of urbanization in various countries in the world. The mortality rate(death) is 8.461 deaths per 1,000 people and, even more alarmingly, 37.83 deaths per 1,000 live births. The average life expectancy(life) is 70.02 years, with a standard deviation of 9.123, and there are significant differences in life expectancy between sexes. More specifically, the average life expectancy for women(lifef) is 72.54 years and for men(lifem) is 67.59 years.


TABLE 1 Descriptive statistics.
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4. Empirical results and discussion


4.1. Preliminary analysis

Before the formal regression begins, we plot scatter plots between the urbanization rate and the crude death rate and between the urbanization rate and life expectancy to visualize the relationship between the variables. As shown in Figure 2A, there is a negative correlation between the urbanization rate and the crude death rate. The result of linear fitting presents a linear relationship between them. As presented in Figure 2B, there is a high correlation between urbanization rate and life expectancy, and the relationship between them is linear.


[image: Figure 2]
FIGURE 2
 Health indicators and urbanization rate. (A) Crude death rate vs. urbanization rate. (B) Life expectancy vs. urbanization rate.


Before regression analysis, we conduct a panel unit root test to avoid “spurious regression.” We performed unit root tests using the methods of PP-Fisher (65) and ADF-Fisher (66), which are unit root test methods specifically used for imbalanced panel data. Table 2 reports the results of the unit root test. As can be seen from the table, the null hypothesis of unit root is rejected for all variables, that is, they are stationary series.


TABLE 2 Panel unit root test results.

[image: Table 2]



4.2. Benchmark results

First, we estimate a linear regression model using the OLS estimation. Table 3 reports the OLS regression results of the impact of urbanization rate on public health. The empirical results in column (1) indicate that the urbanization rate has a strong negative effect on the crude death rate. More specifically, 1% increase in the urbanization rate reduces the crude death rate by 0.06%. The results in columns (2) to (4) show that the urbanization rate positively affects life expectancy at birth. Its coefficient is 0.014, which is statistically significant at the 1% level. While OLS estimation provide a simple answer, urbanization and public health indicators change over time and vary greatly across countries. The bias in coefficient estimation could be considerable, leading to misleading inference. As is shown in Table 4, we conduct four Hausman tests for four different dependent variables. The p-values in the statistical results are ~ 0, so the null hypothesis is rejected. Thus, we choose the fixed effects model. Considering the influence of the time factor, we use the two-way fixed effect model to carry out the analysis. Table 4 reports the results of the regression analysis of the two-way fixed effect model. The empirical results reveal that the coefficient of urbanization rate in column (1) is −0.653 at the 1% significance level. The results in columns (2) to (4) prove that a 1% increase in the urbanization rate leads to a significant 0.179% increase in life expectancy at birth. Regarding gender, urbanization increases women's life expectancy by 0.008% points more than men's.


TABLE 3 OLS estimation results.

[image: Table 3]


TABLE 4 Two-way fixed effect estimation results.
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5. Causal identification issues and strategies


5.1. Excluding omitted variable bias

Before this part, we used a two-way fixed effect model for estimation. Although the two-way fixed effect model controls for country and year fixed effects and mitigates the omitted variable bias to some extent, the reality is highly complex, and many factors affect the independent and dependent variables. Therefore, the control of the two-way fixed effect model is limited. In particular, when factors that influence urbanization rates and public health and change over time are not fully taken into account, the resulting estimators are biased even using two-way fixed effect models. To solve the problem of inconsistent coefficient estimation, we refer to relevant literature and adopt the bounding value analysis of Oster (9).

Previous studies often carried out a coefficient sensitivity analysis by adding control variables. In the past, scholars believed that if the treatment effect coefficient was still stable when new observable variables were added to the model, the deviation caused by omitted variables would be considered small. However, these studies have ignored the information reflected by R2. Therefore, Oster (9) based on the hypothesis that the relationship between treatment effect and unobservable variables can be deduced from the relationship between treatment effect and observable variables and improved the robustness test method of omitted variable bias. When there are unobservable variables, the estimator [image: image] can be used to test whether the benchmark regression results are affected by omitted variables. [image: image], [image: image] and [image: image], [image: image] correspond to the estimated coefficients of the core explanatory variables and the goodness-of-fit of the regression equations when the constrained control variables and the observable control variables are introduced into the estimation, respectively. Rmax represents the maximum goodness of fit when the unobservable variable can be observed. δ represents the relative strength of the correlation between observable variables and unobservable variables and the variables of concern.

We conduct a bounding value analysis of four health indicators used in this study. We set Rmax to 1.3 [image: image] and δ to 1. The results of the bound estimation are presented in Table 5. To make the results more precise, we reproduce the above regression results using two-way fixed effect estimation in column (1) of Table 5. Column (2) of Table 5 reports the bound estimation. The result shows that the interval formed by β* and [image: image] does not contain 0. It means that our two-way fixed effect estimations are robust to potential omitted variable bias. In addition, by comparing columns (1) and (2), we find that the coefficient of the impact of the urbanization rate on the crude death rate changes from −1.128 to −0.653 after considering the omitted variable bias. This indicates that the impact of the urbanization rate on the crude death rate is stronger after accounting for omitted variable bias. We find the same results for other health measures.


TABLE 5 Bound estimation results.
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5.2. System GMM estimation

To solve the problems of endogeneity and estimation bias that may exist in the model, we use the system GMM method for estimation. We also use two test methods that Arellano and Bover (67) proposed to verify the validity of instrumental variables and the system GMM estimation results. The first is the second-order serial correlation test AR (2), whose main function is to test whether the residuals estimated by the system GMM have a serial correlation. The second is the overidentification constraint test, which is mainly used to verify whether the instrumental variables used in the system GMM estimation are jointly effective. In the empirical study, the Hansen test method is adopted for identification.

Table 6 reports the test results of the system GMM model with crude death rate, life expectancy, female life expectancy, and male life expectancy as explained variables in turn. The p-values of the four second-order serial autocorrelation tests AR(2) are all >0.1, and the Hansen test is also >0.1, which means that there is no second-order serial correlation in the regression equation. The instrumental variables are generally valid. This confirms that the GMM model setup is reasonable. As shown in the table, urbanization negatively affects mortality and positively affects life expectancy. The positive impact of urbanization on public health is robust.


TABLE 6 System GMM estimation results.

[image: Table 6]



5.3. 2SLS estimation

In addition, to make the results of this paper convincing, we further employ the instrumental variable method to conduct two-stage least squares regression to address the potential endogeneity problem. This paper employs the urbanization level of one-stage lag as an instrumental variable. We first take urbanization as the dependent variable, and the urbanization lagging behind by one period as the independent variable for regression to obtain the residual term. The residuals (logurbanhat) were used as explanatory variables to replace urbanization in model (1) for regression, and the results are shown in Table 7. Urbanization has significantly improved public health. Specifically, every 1% increase in the urbanization rate will reduce the crude death rate by 0.494%. The remaining coefficients are as expected. This proves that our results are reliable.


TABLE 7 2SLS estimation results.
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5.4. Instrumental variable method

To further solve the possible endogeneity problem, we also construct a new and effective instrumental variable for re-estimation with the help of the heteroscedasticity instrumental variable method proposed by Lewbel (10). He introduced a new method that an instrumental variable could be constructed with the help of a set of observable exogenous variable vectors Z in the absence of relevant traditional instrumental variables or in the presence of weak instrumental variables.

The operation method is as follows: in the first stage, the endogenous variable is regressive to the exogenous variable Z, the residual term ε2 is obtained, and [image: image] is constructed as the instrumental variable in the second step estimation, where [image: image] is the mean value of the exogenous variable vector. This heteroscedasticity-based discrimination method requires that the residuals of the first stage regression be heteroscedasticity. In the second stage, the instrumental variables estimate in the first step are used to estimate the effect of the explanatory variables on the explained variables. According to Lewbel (10), this paper sets the following model.

[image: image]

[image: image]

where Y1 is the four indicators to measure public health, Y2 is the urbanization rate, X is all the control variables, and ε1 and ε2 represent the error terms. ZϵX or Z = X. We first estimate the residual term of Equation (6) by regression with the whole sample, and test the heteroscedasticity of the residual term. The null hypothesis of homoscedasticity can be rejected if the p-value is 0, and the existence of heteroscedasticity of the residual term of Equation (6) is proved. Then, the instrumental variables are constructed according to [image: image], and Equation (5) is re-estimated. The results are listed in Table 8.


TABLE 8 IV estimation results.

[image: Table 8]

The regression results of instrumental variables in Table 8 illustrate that urbanization significantly negatively impacts the crude death rate. Specifically, the coefficient of the urbanization rate is −2.171. Columns (2) to (5) of the table indicate that the level of urbanization significantly boosts life expectancy.

In summary, we try to solve the possible endogeneity problem of benchmark regression using Oster (9) bound estimation, system GMM estimation, and instrumental variable method. The results from Tables 5–8 all reveal that the urbanization rate significantly improves the public health level.




6. What is driving the results?

A key question is raised: What are the potential channels through which urbanization affect public health? This paper attempts to explore whether living standards can be such a channel. Related studies (12, 68) found a correlation between urbanization rate and living standards. In addition, it is widely believed that rising living standards improve public health. Real GDP per capita is commonly used to represent the standard of living (69, 70). For living standards to be a potential channel, two conditions must be met. First, real GDP per capita needs to be correlated with urbanization rates. Table 9 reports the relationship between the urbanization rate and real GDP per capita(loggdp). The results show that the increase in urbanization rate can significantly improve living standards. Specifically, for every 1% increase in the urbanization rate, the real GDP per capita increases by 0.573%.


TABLE 9 Effect of urbanization on the potential channel.

[image: Table 9]

Second, put living standards, urbanization rate, and public health into the same regression model, and the coefficient of urbanization rate should be reduced or insignificant. The results are presented in Table 10. Columns (2) and (5) of Tables 10, 11 show that when living standards, urbanization rate, and public health are added to the same regression model, the coefficient on urbanization rate decreases significantly. Our research suggests that the standard of living is one channel through which urbanization rates affect public health. We also examine whether living standards moderated the relationship between urbanization and public health to further probe its channel role. More precisely, we include an interaction term between urbanization rate and living standards (logurban*loggdp) in Equation (4), as shown in columns (3) and (6) of Tables 10, 11. The coefficient of the interaction term is significant and opposite to the coefficient of the urbanization rate. It means that living standards negatively moderate the impact of the urbanization rate on public health. In other words, the relationship between urbanization and public health is lower in countries with higher living standards.


TABLE 10 Test results of potential channel mechanism (crude death rate and total life expectancy).

[image: Table 10]


TABLE 11 Test results of potential channel mechanism (female and male life expectancy).

[image: Table 11]



7. Conclusions and suggestions

Public health is a significant development goal and one of the priorities of government work all over the world. The concentration of population into cities and towns, known as urbanization, is a worldwide trend. And the process of urbanization itself is a process of economic development and modernization. This paper uses the annual panel data published by the World Bank from 2000 to 2018 to examine whether urbanization affects public health and potential channels.

First, increased urbanization has significantly improved public health. Urbanization has considerably reduced the crude death rate and increased life expectancy at birth. This further confirms the conclusions of Shen et al. (46) and Jiang et al. (56). From a gender-specific perspective, urbanization increases women's life expectancy at birth more than men's.

Second, the cause-and-effect relationship between increasing urbanization rate and improved public health status is valid. To solve the problem of causal identification and ensure the establishment of a causal mechanism of action, we use the bounding value analysis method, system GMM estimation, and the instrumental variable method to deal with the possible endogeneity problem. The results of these tests suggest that there is indeed a causal link between urbanization and public health.

Third, the results of our estimation are robust. We also perform robustness checks by replacing the explained and core explanatory variables, grouping regressions, and adding more control variables. The results demonstrate that our conclusion is credible.

Fourth, further research shows that the impact of urbanization on public health can be mediated through living standards. Specifically, the increase in urbanization rate significantly promotes residents' living standards, and the rise of residents' living standards positively impacts public health. In addition, living standards can also be used as a moderating variable of urbanization and public health. The impact of urbanization on public health is stronger in countries with low living standards than in countries with high living standards.

The results of our research presented above can provide some references for relevant policymakers. On one hand, policymakers should make improving the quality of urbanization development a top priority and strive to play a positive role and reduce its negative impact. On the other hand, the impact of urbanization on public health is stronger in countries with lower living standards. This conclusion has important implications for developing countries. In the context of rapid urbanization, policymakers in developing countries can further improve the level of health security of residents by promoting their urbanization.

There are still some limitations in this paper. First, in terms of the potential channel of urbanization affecting public health, only living standards is selected as the mediating variable. Future studies may focus on more channels when the data is available. Secondly, this paper estimates public health through the health demand function, and adopts the mortality rate and life expectancy as the measurement indicators of public health. Future studies can use different public health measures based on the health supply function, which is conducive to enrich the contributions from novel perspectives.
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