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Introduction: Tuberculosis is one of the main infectious diseases threatening global health, which is also the main cause of death from a single source of infection (above HIV/AIDS). China is a country with a high burden of tuberculosis in the world, ranking only behind India and Indonesia. However, there are few ecological studies on the burden of tuberculosis in China. This study aims to provide more research basis for the government to formulate tuberculosis policies by exploring the ecological factors associated with the incidence of tuberculosis, so as to achieve the goal of eliminating tuberculosis by 2030.

Methods: We collected data on the incidence of tuberculosis and ecological factors of 31 provinces, autonomous regions, and municipalities in Mainland China (excluding Taiwan, Hong Kong, and Macau) from 2002 to 2018. We constructed a framework of ecological factors affecting the incidence, which consists of 5 secondary indicators and 35 tertiary indicators. And we construct a dynamic panel data model based on the Lasso Regression to select variables to test the effect of each ecological factor on the incidence.

Results: Among the 35 tertiary indicators, economy 3,4,6,7, environment 1, recourses 1,3, demography 3, and lifecare 2,4,8,9,13 passed the significance test at the 1% level, economy 1,2,5, environment 2,9, lifecare 6,12 passed the significance test at the 5% level, lifecare 10 passed the significance test at the 10% level. Only economy 5 and economy 6 have a positive impact on the incidence, other statistically significant ecological indicators are negatively correlated with the incidence.

Conclusions: Our study indicated that many ecological factors, including residents' income, unemployment rate, educational level, medical resources, population density, sunshine duration and dietary structure, are closely related to the incidence of tuberculosis. These findings contribute the government to taking targeted measures for tuberculosis prevention and control, including improving the level of economic development, increasing employment, expanding the scale of enrollment in colleges and universities, and ensuring that the prices of sources of animal protein are reasonable to meet the residents' intake of protein.
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INTRODUCTION

Tuberculosis (TB) is one of the top 10 causes of death worldwide and the leading cause of death from a single infectious agent (ranking above HIV/AIDS)—infecting around 10 million people and causing 1.4 million deaths in 2019 (1). Although the Millennium Development Goal of halving TB prevalence and mortality by 2015, compared to 1990 levels, has been achieved around the world (2). However, to achieve one of the Sustainable Development Goals (SDGs) issued by the United Nations (UN)—to eliminate tuberculosis by 2030, we still have a long and difficult road to go (3). Especially since 2019, COVID-19 has been raging around the world, which is bound to cause health system infrastructure pivot toward COVID-19 and away from competing illnesses, including tuberculosis (4). According to the report of Chen and Zhang, the COVID-19 pandemic is predicted to increase tuberculosis deaths globally by 20% over the next 5 years (5).

China is one of the 30 countries with a high burden of tuberculosis in the world, with tuberculosis cases accounting for 8.4% of the world, ranking only behind India (26%) and Indonesia (8.5%) (1). In the 1990s, the government implemented two major tuberculosis control projects, including the implementation of the directly observed treatment of short course strategy (DOTS) in 13 provinces from 1992 to 2001 and the use of limited funds from the Ministry of Health to fund treatment of an additional 10–15% of the population. These measures have significantly reduced the prevalence and mortality of tuberculosis in China (6, 7). However, in the current international context, the prevention and control of tuberculosis still face huge challenges. In order to achieve the SDG target to end the tuberculosis epidemic by 2030, robust assessments of tuberculosis incidence are essential for making polices.

For tuberculosis, a preventable, detectable and treatable infectious disease, the focus is on prevention, especially when drug-resistant tuberculosis becomes a major public health threat. If we can find out factors closely related to the incidence of tuberculosis, the prevention and control of tuberculosis will be of great help. There are many foreign studies on the association between the burden of tuberculosis and influencing factors. Their researches have found that increasing social protection and public health expenditure is closely related to reducing the incidence, mortality (8–10), but whether it is applicable to China is open to question. The purpose of this study is to identify ecological factors associated with the incidence of tuberculosis through correlation analysis, so as to fulfill the task of preventing and treating TB better.



METHODS

In this study, we selected some ecological factors affecting the incidence of TB and construct a dynamic panel data model based on the Least Absolute Shrinkage and Selection Operator (Lasso Regression) to select variables to test the effect of each ecological factor on the incidence of TB.


Data Sources

We selected some indicators based on previous international studies on the relationship between TB incidence and economic development, social protection and other factors. These factors is composed of 5 secondary indicators, including socio-economic development, health resources, demography, living environment, and residents' health care and 35 tertiary indicators. According to the data in China Statistical Yearbook, we have retained the indicators that can be found in the statistical yearbook and excluded indicators that are not recorded in the statistical yearbook. Table 1 shows the full list of ecological factors. In this study, we collected sample data of 31 provinces, autonomous regions, and municipalities (hereafter, provinces) in mainland China (Taiwan, Hong Kong, and Macao are not included) from 2002 to 2018. The data on the incidence of TB and ecological factors are all from the “China Statistical Yearbook” (11). In addition, we used the interpolation method to replace individual missing values and used software STATA 16.0 for statistics.


Table 1. The framework of ecological factors influencing the incidence of pulmonary tuberculosis.
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Variable Selection

We separately examine the impact of ecological factors on the incidence in five aspects: social and economic development, health resources, demography, living environment, and residents' health care. Each aspect contains multiple three-level indicator variables, and there is multiple collinearity among the variables. If we directly incorporate these indicators into the model, it will lead to estimation bias. Therefore, we use the Lasso Regression to analyze the variables and make a selection. The basic theory of Lasso regression is to make the partial regression coefficients estimated at 0 by the maximum likelihood target function under the constraint that the sum of the absolute values of the regression coefficient is less than one parameter lambda, so as to delete the unimportant variables and improve the explanatory power of the model. We determined the value of lambda by cross-validation, adaptive and plugin, and minimized the mean squared error (MSE). The results of the selection of five ecological aspects are shown in Table 2. The variables, including environment 8, lifecare 1, lifecare 7 and resources 2, are rejected by Lasso Regression.


Table 2. Variable results filtered by Lasso method.
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Model Construction and Estimation

We took the incidence of TB as the dependent variable and each ecological factor as the independent variable, and constructed the following dynamic panel data model:

[image: image]

In the formula, yit is the incidence of TB in area i in year t; yit−1 is a lagging variable; economykit, resourceskit, demographykit, environmentkit, and lifecarekit are the socio-economic development variables, health resource variables, and demographic variables, living environment variables and residents' health care variables. k represents the k-th three-level indicator variable; μi is an unobservable individual effect that does not change with time; εit is a random disturbance item; i is the province in mainland China; t is time, and the unit is year.

Based on the panel data of inter-provincial tuberculosis incidence and ecological indicators from 2002 to 2018, we constructed a dynamic panel data system and used System Generalized Method of Moments (System GMM) to estimate. The System GMM model considers the endogenous problem caused by the lag term yit−1. To a certain extent, this model can overcome the bias compared to static models because static models ignore the endogenous problems. The P-value was set as 5% in the study. The consistency of System GMM estimate depends on two conditions. The first condition is that there is no self-correlation for perturbation terms, which is tested with AR (1) and AR (2). The second condition is that the variables are valid, which is tested with the Sargan-Hansen statistics. First, System GMM requires that the first-order differential of the perturbation item is self-correlated, which requires that the P-value of AR(1) is <0.1, but it does not allow self-correlation in the second-order differential of the perturbation term at the same time, which need the P-value of AR(2) be >0.1. The results of the model estimates are shown in Tables 3–6. As seen from the tables, the AR(1) test passed the 5% significance test and the AR(2) test failed the 10% significance test (the P-value of AR(1) test <0.1, and the P-value of AR(2) test >0.1), indicating that there were no sequence-related problems of the random interference items in the model. Second, the Sargan-Hansen test is an over-recognition test. The assumption is that all tool variables are exogenous, which means there is no transition recognition. The results in Tables 3–6 show that the P-value of the Sargan-Hansen test is greater than the 5% significance level, so that the original hypothesis cannot be rejected. This indicates that there is no transition recognition phenomenon in the model, and the variables selected by the model are reasonable. Both conditions of the System GMM are satisfied, indicating that the System GMM is a consistent estimate and has practical reference significance.


Table 3. Estimation results of the impact of socio-economic development variables on the incidence of tuberculosis.
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RESULTS

We studied the relationship between 35 ecological variables and the incidence of TB in China from 2002 to 2018. And four variables (environment 8, lifecare 1, lifecare 7 and resources 2) are eliminated by the Lasso Regression method.

The results in Table 3 show that among the socio-economic development variables, economy 3,4,6,7 passed the significance test at the 1% level and economy 1,2,5 passed the significance test at the 5% level. Economy 1,2,3,4,7 all have a significant negative impact on the incidence of TB. In other words, with the increase of urban and rural per capita disposable income, GDP per capita, the proportion of urban population, and the number of people with higher education, the incidence of TB has shown a significant downward trend. Economy 5 and 6 have a significant positive impact on the incidence of TB.

The results in Table 4 show that among the living environment variables, environment 1 passed the significance test at the 1% level, environment 2 and 9 passed the significance test at the 5% level. And these three variables are negatively correlated with the incidence of TB. With the increase in public transport vehicles per 10,000 people, total waste water discharge, and annual sunshine duration, the incidence of TB has shown a significant downward trend. However, the impact of other environmental variables on the incidence is not statistically significant, so we will not discuss it in this study.


Table 4. Estimation results of the impact of living environment variables on the incidence of tuberculosis.
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The results in Table 5 show that among the health resources and demographic variables, recourses 1,3 and demography 3 passed the significance test at the 1% level, and these three variables are all negatively correlated with the incidence of TB. That is to say, with the increase in the number of beds in medical and health institutions, the number of practicing physicians and urban population density, the incidence of TB has decreased significantly. But there was no significant statistical significance between the remaining demographic variables and the incidence.


Table 5. Estimated results of the impact of health resources and demographic variables on the incidence of tuberculosis.
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The results in Table 6 show that among the lifecare variables, lifecare 2,4,8,9,13 passed the significance test at the 1% level, lifecare 6,12 passed the significance test at the 5% level and lifecare 10 passed the significance test at the 10% level. And the above variables are significantly negatively correlated with the incidence of TB. These factors include rural per capita health care expenditure and its proportion in consumer expenditure, the consumption of meat, aquatic products and egg in rural areas, urban household aquatic products and egg consumption expenditure, all of which can significantly reduce the incidence of TB. The vegetable consumption in urban households also has a significant effect on reducing the incidence of TB. But the statistical significance of other lifecare variables on the incidence is not obvious.


Table 6. Estimated results of the impact of lifecare variables on the incidence of tuberculosis.
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DISCUSSION

As far as we know, ecological researches on the burden of tuberculosis have been carried out globally, such as the Americas, Europe and Africa (8–10, 12), but such research is limited in China. Only by finding factors closely related to the incidence of tuberculosis can we do a better job in tuberculosis prevention and control. In this study, we expanded the scope of the data to the national level and found that many of these factors can obviously affect the incidence of TB, including economy 1 to economy 7, environment 1,2,9, recourses 1,3, demography 3 and lifecare 2,4,6,8,9,10,12,13.

The factors, from economy 1 to economy 7, are closely related to the level of economic development. As a result of economic development, urban and rural per capita disposable income, per capita GDP, the proportion of urban population, the number of people with higher education have increased, and the unemployment rate and illiteracy rate have decreased. In this way, people's living standards and health care awareness will be improved, which can reduce the risk of TB to a certain extent. These results corroborate the findings of a previous global analysis that social protection spending is strongly associated with lower tuberculosis case notification, incidence, and mortality rates (13). And our results also confirm the report that economic development and increased access to health care both reduce TB incidence (14). Therefore, the government should vigorously develop the economy, expand the scale of college enrollment and increase employment opportunities. However, economic development may take a long time, which is the drawback of our research. In the future research, we should choose the convertible indicators for analysis, so that the research will have greater practicality.

Environment 1 and 2, refer to the public transport vehicles per 10,000 people and total waste water discharge, which can significantly reduce the incidence of TB. Although these two are classified as environmental factors, they are also related to economic development. In economically developed areas, the government will invest more in public transportation. Therefore, the more public transportation vehicles a unit of population has, the lower the population density in the vehicles. At the same time, our research also confirmed that demography 3, the urban population density, is significantly negatively correlated with the incidence. These conclusions confirm previous researches that the increased population density increases the burden of TB (15, 16). This conclusion is of great significance for the control of pulmonary tuberculosis, an infectious disease that is mainly transmitted by respiratory droplets. The total waste water discharge, includes domestic wastewater and industrial wastewater. To a certain extent, the amount of waste water discharge reflects superior living conditions and developed industries, and the level of industrial development is also an important indicator for measuring regional economic development. Therefore, the government should close down high-polluting enterprises and develop green and energy-saving economic enterprises. Environment 9 is annual sunshine duration, which is negatively correlated with the incidence of TB. There are many studies proving that sunshine and vitamin D levels are associated with the incidence of tuberculosis (17–20). Sunshine exposure is necessary for the production of vitamin D by the body and vitamin D plays a role in the host response to Mycobacterium tuberculosis. We speculate that the sunshine could also affect the time-spent-indoors (aerosol exposure) as well as the environmental survival of Mycobacterium tuberculosis.

Recourses 1 and 3, meaning the number of beds in medical institutions and the number of practicing physicians, have a significant negative correlation with the incidence. This conclusion is consistent with the result of a previous global analysis that the level of health expenditure is negatively correlated with the incidence of tuberculosis (13). However, our research is more detailed, and further explored the impact of the number of beds and the number of physicians on the incidence of TB. Therefore, relevant government departments should increase investment in medical and health care, including increasing hospital beds and expanding the scale of medical student enrollment, so as to provide hospitals with more physician resources.

Lifecare 2,4,6,8,9,10,12 and 13 are all negatively correlated with the incidence of TB. The results show that increasing medical and health care expenditures have far more impact on reducing the incidence of TB among rural residents than urban residents. We believe that because rural residents have relatively poor health care awareness and low income, they will not seek medical attention unless the symptoms of the disease are very obvious, which will inevitably cause delays in the diagnosis and treatment of tuberculosis (21, 22). However, delays in diagnosis and treatment will increase the chance of tuberculosis patients infecting susceptible people around them, which eventually leads to an increase in incidence. This finding helps the government shift the focus of tuberculosis prevention and control to rural areas and carry out relevant work in a targeted manner. In addition, dietary structure also has a certain impact on the incidence of TB. Both rural and urban residents should ensure the intake of aquatic products and eggs, while rural residents should also have sufficient meat intake. We consider the influence of dietary structure on incidence mainly because meat, aquatic products and eggs are rich in protein and vitamin D (18). The dietary sources of vitamin D are mainly fish, eggs, and butter. As mentioned earlier, vitamin D plays a role in the host response to Mycobacterium tuberculosis. So the health department can develop appropriate brochures about the dietary structure and provide guidance on nutritional matching.

Previous studies only explored the relationship between medical expenditures and the burden of tuberculosis, while our research is more detailed, specifically the impact of the number of beds and the number of doctors on the incidence of TB. But there are still some limitations in our research. First of all, the burden of tuberculosis is not only reflected in the incidence, but also includes prevalence and mortality. However, due to the limited data we can collect, we can only conduct ecological studies on the incidence of TB. Moreover, some of the ecological indicators designed in this study are indeed difficult to change, such as population, gender ratio, especially temperature, humidity, sunshine duration, precipitation and other indicators in environmental factors. In the future research, we should choose the convertible indicators for analysis, so that the research will have greater practicality. In addition, tuberculosis is preventable and controllable no matter at the group or individual level, but our research only considers the group. If we can analyze the correlation between individual behavior and the burden of TB at the individual level in the future, it will help all people participate in the prevention and treatment of tuberculosis, not just the government.



CONCLUSION

Although the current pandemic of COVID-19 has reversed the progress of tuberculosis, the experience of COVID-19 also shows that political will and investments can prompt extraordinary public health actions and scientific advances against infectious diseases. In summary, we have drawn the following conclusions that factors such as residents' income, unemployment rate, educational level, medical resources, population density, sunshine duration and dietary structure are closely related to the incidence of tuberculosis. The results of this study will help the government to take targeted measures for tuberculosis prevention and control, including improving the level of economic development, increasing employment, expanding the scale of enrollment in colleges and universities, and ensuring that the prices of sources of animal protein are reasonable to meet the residents' intake of protein, thereby can we achieve the goal of eliminating tuberculosis by 2030 faster and better.
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