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This article estimates the temporal and spatial changes of health inequality in rural China from 2010 to 2018. Based on a panel database of 29,616 rural residents, the Health Utility Index (HUI) and a spatial econometric model are used for analysis. The results show that, on the temporal dimension, the health inequality of rural China first expands and then deflates. On the spatial dimension, the health inequality gradually deflates from eastern to western China. Furthermore, from 2010 to 2018, the high and low-value areas constantly changed among different provinces. After decomposing the causes of health inequality, it is found that behind the health inequality is the difference of socioeconomic-related status. Moreover, narrowing the difference in socioeconomic-related status is the key to improving health inequality.
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INTRODUCTION

Since China's so-called “reform and opening up” policy was implemented, China's economy has grown rapidly. China's real gross domestic product (GDP) in 2021 was more than 219 times of its real GDP in 1980 (International Monetary Fund, 2021). At the same time, people's health in China also has significant improvements. According to the WHO's Global Health Estimates, the life expectancy in China has increased from 33 to 77 years old during the last 35 years. However, observers have noted that a wealthier China has increased health disparities (1). Indeed, due to the living conditions and the limiting health resources, the health inequality does not occur only between the urban and rural, but also between the people inner the rural which is more serious (2–4). The WHO proposes that the scope of health covers not only medical and health but also the fairness related to social-economic development (5). Health inequality not only prevents the right to health of people (6), but also the realization of the sustainable development. In order to achieve health equality, it is vital to explore the recent trend of health inequality and determine the causes.

According to the existing literature, since the 1990s, the health inequality has existed in the whole of China (4, 7). It is found that there exists pro-rich in health and utilization of healthcare (2, 8), income contribution to 13–20% inequality of healthcare utilization (9, 10). That means the health inequality between the poor and the rich is not a reflection of their different preferences, but the constraint conditions, lower income, less access to health insurance, and living conditions that are more likely to encourage the spread of disease (11–13). Moreover, both rural and urban health inequalities are increasing in China, as in rural areas is larger than that of in urban areas (4, 12, 14). As an important component of human capital, health is determined not only by micro factors but also by spatial factors (15). Behind the spatial factors, there are differences in the dietary habits, economy, health security, etc., which means exploring the causes of the health inequality the inter-regional interactions could not be neglected. However, most literature explored the health inequality in China from the temporal perspective and using the database either from the early period (i.e., 1990–2006) or from a specific area, it is necessary to consider the new changes during the decades. Besides, the spatial evidence is less proven.

Furthermore, from the methodology perspective, most literature employs self-assessment health (SAH) status to measure the health inequality. However, due to the SAH is the ordered responses, which are ordinal data expressing rankings rather than cardinal numbers, the index to measure the health inequality (i.e., Gini coefficient and Theil index, etc.) can no longer be meaningfully calculated (14). In this paper, we apply the approach developed in Wang et al. (3), to transition the order SAH to cardinal Health Utility Index (HUI). We also followed Baeten et al. (9) and resort to an interval regression model to identify the factors that are likely to be responsible for the dynamics in rural China's health inequality over the period. In order to explore the temporal and spatial changes of health inequality in rural China, this paper uses a panel database of 29,616 rural residents from 2010 to 2018 to analyze the temporal and spatial changes of health inequality in rural China. On the basis of constructing the HUI to reduce the measurement bias and using the Centralized Index (CI) to measure health inequality of the Chinese rural residents, we use Moran's global index to explore the spatial variations.

The remainder of this paper is organized as follows. In the next section, we briefly introduce the measurement methods of health inequality. Next, the data sources and variables are described in detail. We then explore the temporal and spatial changes of health inequality in rural China. Finally, we turn to the results and put forward the policy recommendations.



MATERIALS AND METHODS


Measurement of Health Inequality

One of the challenges in investigating health inequality is that health information is only available at an ordinal level. For instance, the health information from the database used in this study is the simple question, “how is your health in general?,” with response categories ranging from “very good” or “excellent” to “poor” or “very poor.” However, the ordinal health status does not provide a cardinal health (utility) scale that can be used, it creates a problem for the measurement of health inequality (16). The health concentration index, and the related slope index of inequality, requires information on health in the form of either a continuous variable or a dichotomous variable (17). However, the dichotomous variables impose some sort of scaling assumption arbitrarily and have well-known disadvantages (17).

This paper constructs the ordinal HUI to measure the health inequality in China by interval regression, which is able to transform the ordinal variables to continuous when the values of the upper and lower limits of the intervals are known. Differing from the previous studies that used the Canadian threshold directly, we used the Simulated Visual Score (VAS) cumulative distribution intervals, which are derived from the Chinese. It can provide more accurate evidence for China. As for the measurement of health inequality, this paper concerned the concentration index, which is widely used for measuring inequality, especially socioeconomic-related health inequality (1).

In conclusion, the most important advantages of the methodology in this paper are as follows, we constructed a more realistic cardinal variable HUI to measure the health inequality in China. Based on the health status intervals of Chinese rather than Canadian threshold directly (which is widely used in existing literature), this paper can measure the Chinese health inequality more accurately. However, this paper assumed the health of all Chinese no matter from the urban or rural is in conformity to the same distribution. That may be a strong assumption, and if the model puts forward to “different conditions,” it would be more realistic.


From the SAH to the HUI

As mentioned above, this paper constructed the ordinal HUI to measure the health inequality, which is resorted to the interval regression model to transform ordinal SAH values to cardinal values. The details of the processes are as follows:

First of all, before the interval regression, we matched the SAH with the health thresholds, which are appropriate for China. Differing from the previous studies that used the Canadian threshold directly (16), we used the VAS cumulative distribution threshold, which was proposed by Baeten et al. derived from the Chinese (9). According to reality of the database and the VAS threshold, the SAH value was turned into the following four types of interval threshold, these are “Excellent health” = (0.91, 1), “Very health” = (0.80, 0.91), “Health” = (0.50, 0.80), and “Unhealthy” = (0, 0.50). After being matched with the threshold, the HUI can be fitted by the regression estimation result of equation (1):
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where, HUIit is the intervals of SAH, ait is the constant term, Xit is a series of explanatory factors of health that include income, education, family assets, etc. it contains the individual variables, such as age, gender, marital status, family size, political participation, and region. Moreover, μit is an error term.



Measurement of Health Inequality

The health inequality in this paper refers to the social-economic status, that is, the systematic external differences due to different socioeconomic status (13). The health inequality in this paper is measured by three specific indicators, these are the assets of the individual's family, the individual's income, and education level.

In this paper, we used the CI to measure the health inequality and based on the decomposition of the CI to illustrate the source of health inequalities. The CI can not only reflect the health inequality related to the social-economic status, but also flexibly reflect the distribution changes. There are many calculation methods for the CI. The formula to calculate the CI is shown in equation (2):
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In this formula, n is the number of observations, μ is the mean of the HUI, and yi is the factors of the socioeconomic status. [image: image] is the order of individuals in income, family assets, or education levels.

Then convert formula (2) into the following form:
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Here, cov is the covariance of yi and Ri.

The CI value is usually between −1 and 1. If the CI is positive, that means there is a “pro-rich” healthy inequality, which is to say, healthy capital is more concentrated in individuals with higher socioeconomic status. If the CI is negative, the health inequalities are “pro-poor.” Individuals with low socioeconomic status have more health capital. When the CI equals to 1 or −1, it is an extreme state indicating that healthy capital is completely held by individuals with high socioeconomic status or individuals with low socioeconomic status. When the concentration index is 0, it means that healthy capital has achieved an equal distribution between the socioeconomic status of high and the low.




Spatial Autocorrelation Test

We used the global Moran's I to test the spatial autocorrelation of health inequalities that vary in provinces. The formula to calculate the Moran's I is shown in equation (4):
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Where zi is the deviation between the attribute of i and its mean, wi, j is the spatial weights between i and j, n is the number of the factors, S0 it's the aggregation of all the spatial weights.




DATA SOURCES AND VARIABLE DESCRIPTIONS


Data Source

The database of this paper is from the China Family Panel Studies (CFPS). The CFPS is a nationwide large sample micro-survey database in China, which covered social, economic, demographic, health, and education aspects. The CFPS survey began a sampling survey at both the individual and the household levels based on random sampling since 2010 and comes out every 2 years, the latest round of surveys completed in 2018. We selected rural sample data from 2010 to 2018. Before the analysis, we excluded the samples with missing information and numerical anomalies on important variables, such as personal income, health status, demographic characteristics, family economic characteristics, and provinces. After data cleaning, the entire sample is of 29,616 rural individuals.



Variable Definition and Description

In order to estimate the temporal and spatial changes of health inequalities more precisely, this paper mainly measures individual income indicators, such as income, education, and family assets. According to the database, the income used in this paper is mainly composed of the individual's annual income. Moreover, here we take the logarithm form.

In order to estimate the spatial feature of health inequality, this paper used the information of 25 provinces in mainland China. Provincial dummy variables can further control unobservable regional effects, such as production habits. Furthermore, this paper estimated the region-level health inequality by dividing the eastern, central, and western regions of mainland China. The specific variable settings and descriptions are shown in Table 1.


Table 1. Variable definition and statistical description.
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Before the empirical analysis, this section describes the health status in rural China. As shown in Figure 1, from 2010 to 2018, Chinese rural residents' health status first deteriorates and then improves. From 2010 to 2018, the HUI values are 0.9252, 0.7910, 0.8151, 0.8064, and 0.8399. In addition, the proportion of “Unhealthy” is shown a fluctuant downward trend. It can be seen that the overall health status of the sample group has fluctuated during the 8 years.


[image: Figure 1]
FIGURE 1. SAH and HUI from 2010 to 2018. HUI, Heath Utility Index; SAH, self-assessment health.


As shown in Table 2, from a regional perspective, from 2010 to 2018, the HUI in eastern, central, and western China shows a rising trend. First, to the horizontal comparison, from 2010 to 2018, the health status in the western region is lower than that in central or eastern China. That indicates that the health of rural residents in China got worse from east to west. Overall, the mean values of the sample health indicators in the central region and the eastern region are relatively close, but there are also differences. From 2010 to 2014, the health status in the central China is better than that in eastern China. From 2014 to 2018, the health status in the eastern region was improved rapidly. In 2018, the health of the sample in the eastern region is the best among the three regions.


Table 2. HUI of the eastern, middle, and western China from 2010 to 2018.
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TEMPORAL AND SPATIAL CHANGES OF HEALTH INEQUALITY IN RURAL CHINA


The Overall Trend of Health Inequality: From the Temporal Perspectives

Based on the interval regression, we transformed the SAH to HUI, the results are shown in Table 3. Table 3 shows that income has a significant positive effect on HUI. When time fixed effect and province fixed effect are controlled, income increases 1 unit and HUI increases 0.008. There is also a positive effect of family assets on HUI, when family assets increase one unit and HUI increases 0.002. Age has a negative effect on HUI. Health, as a human capital, continues to decrease with the increase of age, and the investment demand of elderly rural residents on health will also decline. In rural China, the health status of men is better than the women. Education plays a positive role in promoting the health of rural residents, and the improvement of health status is monotonically increasing with the education level. Stable marriage status has a positive effect on the rural residents' health, which indicates that stable marriage status is conducive to maintaining the health of rural residents. Furthermore, the rural residents who participated in Communist Party of China (CPC) are healthier than others. In addition, there are more populations in the family, the healthier the individual is.


Table 3. The estimation of interval regression.
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Further, in this section, we calculate the CI to measure the health inequality related to socioeconomic status. The result is shown in Table 4. According to Table 4, from 2010 to 2018, the CIs of HUI are 0.0155, 0.0436, 0.0552, 0.0381, and 0.0234, which indicates that the health inequality does exist in rural China. Moreover, it expands from 2010 to 2012 and then deflates from 2014 to 2018, which means the health inequality has been improving since 2014.


Table 4. CI of health inequality in rural China from 2010 to 2018.

[image: Table 4]

In order to have a more distinct view of the changes of health inequality of rural residents in China, this section also provides a time trend of the CI of economic-related status variables between 2010 and 2018. As it is shown in Table 4, there are wide disparities in the health status of different social groups. First, from 2010 to 2018, the CIs of income are 0.0081, 0.0251, 0.0396, 0.0160, and 0.0076. It indicates that healthy capital is more concentrated in the richer individuals. However, the trend of “pro-rich” inequality gradually reduces. The CI of education is positive from 2010 to 2018. In addition, the values of the CI of the education are larger than others, which indicate that health capital is more concentrated in the highly educated rural residents, and this kind of health inequality is also gradually narrowing. The CI of household assets shows an increasing trend from 2010 to 2014 and a downward trend after 2014, and the value turns negative in 2018. That is to say, in 2018 the health resources are more concentrated in individuals with fewer household assets. One of the probable reasons may be the promoting of China's poverty alleviation strategy and the new rural medical insurance system.

In addition, there are different effects on social-economic variables. Specifically, in 2010–2018, the level of health inequality associated with household assets is much lower than the health inequalities associated with income and education. In 2010–2012, education-related health inequalities are more serious than income-related health inequalities, and the growth rate is faster. Income-related health inequality is more serious than education-related health inequalities, and it expands largely. By 2018, income-related health inequality has declined even more. Moreover, the health inequality which is associated with household assets turned negative in 2018. Finally, the situation of the education-related health inequality is greater than the income-related health inequality with household assets is formed.



The Overall Trend of Health Inequality: From the Spatial Perspectives

There are regional differences in health status in China (18). In order to explore the spatial variations of health inequality, this section first estimates the health inequalities of rural residents in China among the 25 provinces in China, and then eastern, central, and western China.

According to Table 5, in 2010, the province that suffered the most serious health inequality is Tianjin (津), in which the CI of health inequality is 0.0176. In addition, the high-value areas are concentrated in Sichuan (川), Shanghai (沪), Jiangsu (苏), Hebei (冀), Jilin (吉), Henan (豫), Fujian (闽), Anhui (皖), 219 Guizhou (黔). The low-value areas are dotted in the Heilongjiang (黑), Jiangxi (赣), Guangxi (桂), 220 Zhejiang (浙) and Yunnan (滇). Compared that to 2010, the spatial health inequality has changed, and the overall condition has improved in 2012. The high-value area has been transferred from the coastal areas to the southwestern inland areas, such as Tianjin (津) and Fujian (闽). The low-value area is 223 dotted in the Jiangsu (苏), Heilongjiang (黑) and Chongqing (渝). In 2014, the most serious inequality 224 is happened in Hubei (鄂) rather than Tianjin (津). And the best condition is in Zhejiang (浙), 225 Jiangsu (苏) and Beijing (京). In 2016, the high-value areas of health inequality and the low-value 226 areas are staggered, and the high-value areas are transferred to the Hubei (鄂) in the north China. The 227 low-value areas are mainly distributed in Zhejiang (浙), Jiangsu (苏), and Beijing (京). In 2018, the 228 health inequality get better in every province. And the best three provinces are Shaanxi (陕), 229 Heilongjiang (黑) and Beijing (京). The worst condition occurs in Guizhou (黔).


Table 5. CI of health inequality among 25 province in rural China from 2010 to 2018.
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In this part, we divide the 25 provinces into 3 regions, which is eastern, central, and western China. The regional variations of health inequality are shown in Figure 2. According to Figure 2, from 2010 to 2018, although health inequality widespread in eastern, central, and western China, the overall trend narrows. This process can also be divided into two stages. In 2010–2014, the health inequality in the eastern, central, and western regions shows an expanding trend, but after 2014, the expansion of the eastern region is significantly slowed down. Health inequality in the western region is the most serious. After 2014, inequality in the eastern, central, and western regions shows a trend of continuous decline, and the western region experienced the fastest decline, while the eastern region experienced the slowest decline. By 2018, it shows the trend of diminishing from east, middle to western regions.


[image: Figure 2]
FIGURE 2. Regional variations of health inequality in rural China from 2010 to 2018.




Spatial Correlation Test of Health Inequality

In this section, we conduct a global Moran's Index to test the spatial autocorrelation among different regions. As it is shown in Table 6, the global Moran's Index values of the health inequality of Chinese rural residents during 2010 and 2018 are 0.206, 0.285, 0.268, −0.048, and 0.440. In addition, except the value in 2016, all of the Moran's Index are statistically significant and all of them are greater than 0. The results show that there is a high global spatial positive correlation among the Chinese rural residents during 2010–2014 and 2018. The spatial autocorrelation of health inequality means that there is a kind of agglomeration in spatial conditions. The agglomeration may be caused by two reasons, one is that the provinces close to each other may have a similar natural endowment and similar living conditions. The other one is that economic exchanges between neighboring provinces are more convenient, which promotes the flow of health resources and forms spatial correlation.


Table 6. Spatial correlation test of HUI.
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DISCUSSION

This study explores the temporal and spatial socioeconomic-related health inequalities among rural China by using the CFPS database from 2010 to 2018. By using the interval regression based on the Chinese threshold to construct the HUI and measure the CI, this paper finds that the CI values of HUI from 2010to 2018 are 0.0155, 0.0436, 0.0552, 0.0381, and 0.0234, which means there is pro-rich health inequality in rural China. In addition, the trend first expands and then deflates. This result is consistent with the finding of existing literature, such as Xie (2), Wang and Yu (10, 14), Xue and Lim (8), who found that there existed significant pro-rich inequality in health in China. Furthermore, we observed that the absolute values of CI in health in this study are lower than those in existing studies using the database from 1990 to 2006. It shows that although health inequality still exists in rural China, it improves from 2010 to 2018.

From the spatial perspective, we find that from 2010 to 2018, the health inequality gradually deflates from eastern to western China. The province of most serious health inequality in China changes from Tianjin (津) to Guizhou (黔), in which the CI value changes from 0.0176 in Tianjin to 0.0218 in Guizhou. It suggests that, although overall the health inequality improves, the difference from provinces should not be neglected. Furthermore, by dividing the provinces into three main regions, we find that although health inequality widespread in eastern, central, and western China, the overall trend narrows. This process can also be divided into two stages. The first stage is from 2010 to 2014, the health inequality in eastern, central, and western regions shows an expanding trend, but after 2014, the expansion of the eastern region significantly slows down. The second stage is in 2014–2018, health inequality in the eastern, central, and western regions steadily decline, and the fastest decline happens in the western region, while the eastern region experienced the slowest decline. By 2018, it shows the trend of diminishing from east, middle to western regions. The results are almost consistent with the finding of Yang et al. (19), but in their paper, they mainly used spatial methods rather than the CI values, the specific values are incommensurable.

Results from the spatial econometric model show that the global Moran's Index values of the health inequality in rural China from 2010 to 2018 are 0.206, 0.285, 0.268, −0.048, and 0.440. In addition, except the value in 2016, all of the Moran's Index are statistically significant and all of them are positive, which means that there exists spatial autocorrelation of health inequality. However, the values in this paper are smaller than the values estimated by Yang et al. (19). The reason might depend on the difference of the objects. The objects in Yang et al. (19) are elderly people in China, as in this paper are rural people.

This paper highlights several recommendations that might be helpful to narrow health inequality in rural China. Firstly, it is quite necessary for the government to realize that there does exist health inequality in rural China. Moreover, behind the health inequality is social-economic inequality. It is important to narrow the gap in household income, especially under the strategy of rural vitalization. Second, the government ought to pay more attention to the health-related quality of life and access to health services among rural people with lower income and less education. Thirdly, it is also necessary to carry out health education. It is helpful to improve healthy awareness to promote healthy lifestyles and prevent diseases, which can eventually lead to the improvement of socioeconomic equality in health outcomes among the elderly.

As mentioned above, the contribution of this paper is to the research fields which are as follows: firstly, this paper focuses on the health inequality among rural residents rather than the whole China like existing paper. With the development of China, there are huge gaps among rural residents which could be different from others. This paper adds the evidence to the research of health inequality from this perspective. Secondly, in terms of method, in order to reduce the measurement bias, this paper transforms ordinal SAH status to cardinal HUI resort to the interval regression based on the threshold more suitable for China. Thirdly, using a panel database of 29,616 rural residents from 2010 to 2018, our results are more representative, more robustness, and more credible.

This study suffers from several limitations that warrant mention. Firstly, some important independent variables, which may significantly affect the health of the rural people, such as the regional air quality and the health insurance system, cannot be included in this study due to the unavailability of data. Secondly, the measurement of health in this paper concerns SAH, some measurements, such as objective health status and mental health status, are not included. We will conduct a more comprehensive measurement in the forthcoming research. Thirdly, although this paper confirms that there is a spatial correlation among different regions in China, we do not underly the mechanism. However, the aim of this paper explores the temporal and spatial changes of health inequality in rural China, we will inform the mechanism in the forthcoming research.



CONCLUSIONS

Recently, health inequality has become one of the main obstacles to public health. This paper explores the temporal and spatial changes of health inequality in rural China. The main findings of this paper are as follows:

First, the health status of rural residents in China shows a fluctuant trend from 2010 to 2018. The CI is positive from 2010 to 2018, which means that there exists the health inequality in rural China, and the degree of health inequality is gradually narrowing. Specifically, through concentrated index decomposition, it shows that from 2010 to 2018, health resources are more concentrated in rural residents with higher income and education. However, the CI related to the household assets turns negative in 2018, which means in 2018, the health resources are more concentrated in the individual with fewer household assets. One of the probable reasons may be the promotion of China's poverty alleviation strategy and the new rural medical insurance system.

Second, we describe the spatial variations of health inequalities. The results show that health inequality from 2010 to 2018 varies among the provinces. It generally shows a downward trend, which eventually forms a regional feature of diminishing from eastern, central, and western. Specifically, in 2010, the health inequality of rural residents in China gradually expands from west to east. In 2012, the high-value area is transferred from the coastal areas to the inland areas. In 2014, the worst inequality happened in Hubei (鄂) and the best condition is in Zhejiang (浙), Jiangsu (苏) 331 and Beijing (京). In 2016, the high-value areas of health inequality and the low-value areas are 332 staggered, and the high-value areas are transferred to the Hubei (鄂) in the north China. The low333 value areas are mainly distributed in Zhejiang (浙), Jiangsu (苏), and Beijing (京). In 2018, the health 334 inequality get better in every province. And the best three provinces are Shanxi (陕), Heilongjiang (黑) 335 and Beijing (京). The worst condition occurs in Guizhou (黔).

Finally, by using Moran's Index, we find that there is a high global spatial positive correlation among the health inequalities in 2010–2014 and 2018 and a negative correlation in 2016. The spatial correlation of health inequality means that there is a kind of agglomeration of health inequality in geographical location.

Especially, this paper finds that behind the health inequality is the difference in individual social-economics status. The policy recommendations of this paper are first, the spatial perspective of health inequality plays an important role in improving health inequality. Secondly, narrowing the inequality in social-economic status is the key to improving health inequality. Among them, improving the distribution of educational resources of rural residents is an important part.
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