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The impact of energy consumption on health has become a widely debated topic around the world. However, much of the current research on this topic lacks a theoretical basis. As a result, this paper employs both theoretical and empirical analysis to investigate the impact of household clean energy consumption on residents' health. First, based on the theories of health economics and energy economics, this paper believes that the usage of clean energy can improve the health of residents. Then, the sample for this study is comprised of data from the 2018 China Health and Retirement Longitudinal Study, and the Order Probit Model is applied for the empirical analysis. The outcomes of basic regression, robustness testing, and the treatment of endogenous factors reveal that the usage of clean energy has greatly benefited the health of residents. Furthermore, the heterogeneity analysis shows that long-term use of clean energy greatly improved the health of non-religious people and had a more pronounced impact on the health of women and low-income residents. In addition, the mechanistic analysis indicates that subjective happiness and air quality played a partial mediating role in the impact of cleaner energy consumption on health. Finally, cleaner household energy reduced the prevalence of hypertension, hyperlipidemia, lung disease, asthma, and depression. The conclusion of this paper supports the view of some existing literature, and several policy recommendations are made based on the research findings.
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Introduction

The health crisis is an obstacle to the sustainable development of individuals, families, nations, and the world (1, 2). From 2000 to 2020, the global mortality rate due to several diseases showed a continuous increasing trend (excluding deaths due to SARS and COVID-19) (3). All inhabitants of the world are threatened by various diseases, but health problems are more serious in developing countries. In the past 10 years, the number of deaths in China has increased by about 10 million each year (excluding deaths from COVID-19) (4). Many studies discussed the influencing factors of health from different perspectives, and some studies investigated the impact of household clean energy consumption on individual health.

Twumasi et al. (5) used the Order Probit Model to analyze research data from Ghana, and the results showed that the use of clean cooking fuels increased the proportion of healthy household members by 19.11%. Cleaner household energy improves indoor air quality (6) and reduces the probability of residents being diagnosed with respiratory diseases such as asthma, bronchitis, tuberculosis, and lung cancer (7, 8). At the same time, long-term household use of clean energy mitigates the risk of climate extremes, improves outdoor living conditions and reduces the production and spread of disease (9). The use of clean energy increases the efficiency of tasks such as cooking and heating (10), saves time for residents to engage in productive activities, increases household income, and enhances disease prevention and treatment (11). The long-term use of clean energy in households significantly increases residents' life satisfaction and wellbeing (12, 13), thereby improving their mental health (14). The health effects of household clean energy consumption were more pronounced for women (15), particularly in terms of lower rates of maternal morbidity and mortality (16). In addition, the positive health effects of cleaner energy use are more pronounced in developing countries, with households using clean energy sources for instance LPG having higher levels of health than those using non-clean energy sources like as coal in Pakistan (17). In the case of China, Liu et al. (18) found that using clean energy reduced the odds of residents being diagnosed with chronic lung disease and heart disease in China's families. Likewise, Zhang et al. (19) analysis research data from China, and the findings revealed that household energy cleanliness improved the physical health of rural residents and improved the mental health of urban residents.

According to the current literature, long-term household use of clean energy is beneficial to residents' health. The macro-statistics of China support this viewpoint. This paper compiled and plotted data from China's National Statistical Yearbook on per capita energy consumption and resident mortality (respiratory disease mortality + mental disease mortality) from 2009 to 2019 (see Figure 1). As shown in Figure 1, per capita consumption of clean energy (electricity + LPG + natural gas) has been increasing, while consumption of non-clean energy (coal + coal gas) has been decreasing, indicating that China's household energy consumption is shifting to a cleaner energy. At the same time, residents' mortality rates from respiratory and mental diseases were declined. The choice of respiratory and mental disease mortality is based on existing research that suggests these two diseases are linked to household energy consumption (8, 20). As a result of Figure 1, it can be concluded that household clean energy consumption benefits residents' health. However, macro-statistics have limitations, which lack of information on household fuel use such as firewood, hay, cow dung, biogas, and solar energy. This problem can be addressed more effectively using micro-survey data. As a result, this paper examines the impact of household clean energy consumption on health using data from the 2018 China Health and Retirement Longitudinal Study (CHARLS).


[image: Figure 1]
FIGURE 1
 Per capita energy consumption and resident mortality from respiratory and mental diseases of China. Data source: China National Statistical Yearbook (2010–2020). In this paper, the units of different energy sources are uniformly converted into kilograms of standard coal according to the energy calorie conversion formula.


A relatively consistent conclusion in the existing literature is that long-term use of clean energy can improve residents' health. But most studies have only reached this conclusion based on data analysis (5, 8), and few literature explored the internal mechanism of the impact of clean energy consumption on health based on theory (21). Meanwhile, some studies have used the Order Probit Model to analyze the relationship between energy consumption and health in empirical analysis, but few studies have dealt with potential endogenous problems (20). Furthermore, the current literature only discusses the impact of clean energy consumption on total health (9, 14), and does not analyze whether or how clean energy consumption impacts common diseases.

In summary, this paper makes five marginal contributions to the literature. First, the 2018 CHARLS data is used as a sample in this paper to provide new micro-evidence for the study of clean energy consumption and health. CHARLS focuses on collecting health data from Chinese residents, and using this data as a sample to study the health problems of micro-subjects would be more reliable (22). Second, this paper introduces a new theoretical analysis concept, and health and energy economics theory can fully reveal the impact of clean energy consumption on health. Third, to address the existing endogeneity problem, this paper employs the instrumental variable method and the conditional mixed process estimation method, which increases the credibility of this paper. Fourth, this paper discusses the heterogeneity of the health effects of clean energy consumption across genders, household economic conditions, and religious beliefs, adding to the findings of previous research. Fifth, this paper examines the impact of clean energy consumption on eight different common diseases, offering a fresh perspective for future research on the subject.

The remaining sections include, Theoretical analysis (Section 2); Data and method (Section 3); Empirical analysis (Section 4); Mechanism analysis (Section 5); Further research (Section 6); Conclusion and policy recommendations (Section 7).



Theoretical analysis

Mushkin (23) identified health as a component of human capital and previously examined health issues from an economic standpoint. The classic paper by Arrow (24), “Uncertainty and Welfare Economics,” marked the establishment of health economics. Human capital theory and welfare economic theory have both become important theoretical foundations of health economics (25). Furthermore, Groosman (26) put forward the concept of health demand, believed that health can be regarded as an investment activity of people, and first proposed the health production function:
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The H represents health; M indicates healthcare; LS shows lifestyle; E stands for environment; S signifies schooling; and X shows other factors that affect health.

Some research enhanced the HPF and examined the dynamic interactions between various factors and health, with household economic condition, human capital (schooling), environment, society, and lifestyle serving as common HPF vectors (27, 28). Despite the fact that there have been few studies that incorporate energy (fuel) as a vector in the HPF, earlier research has demonstrated that household energy use is an important factor in health (29). Consequently, this study establishes the Household Health Production Function (HHPF) with energy consumption:
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The H indicates health; EC shows household energy consumption; W represent welfare; HC stands for human capital; ES signifies the household economic status; EN represents environment; SC is social contact; and X shows other important factors (i.e., age, gender, and etc.).

Energy is a basic requirement for household production and daily life. Household energy consumption, according to energy economics theory, is a decision process that seeks to maximize utility (30). To meet their utility needs, most households use multiple types of energy at the same time (21). In general, households use four types of energy: first, all clean energy, second, all non-clean energy, third, a mixture of clean and non-clean energy with a greater proportion of clean energy than non-clean energy, and fourth a mixture of clean and non-clean energy with a smaller proportion of clean energy than non-clean energy. To achieve Pareto dynamic optimization of energy consumption, households dynamically adjust their energy mix in response to changes in utility pursuits.

It is assumed that households choose the first energy consumption mix, using clean energy sources in various activities such as cooking and heating. Then clean energy does not produce harmful substances during the combustion process and does not pollute the indoor air, thus not harming health. At the same time, clean energy is more efficient than non-clean energy, saving time for productive, social contact, and educational activities for households, potentially leading to higher household income, increased economic wellbeing, and the accumulation of social and human capital, which in turn contributes to better health. Further, it is assumed that the household chooses the second energy consumption mix. Substances such as carbon monoxide generated during the combustion of non-clean energy will directly damage human health through the respiratory system. Meanwhile, the use of non-clean energy will also cause problems such as air pollution and environmental damage, which indirectly affect health.

In addition, it is assumed that household A chooses the third energy consumption mix and household B chooses the fourth energy consumption mix. Non-clean energy sources will then have a negative impact on the health of both families. However, because the proportion and frequency with which household A uses clean energy is greater than that of household B, household A's health level will be greater than that of household B. In summary, household energy use is included as a vector in the health production function in this paper. The analysis revealed that if households rely on non-clean energy excessively, they not only have a direct negative impact on health but also damage it indirectly through other pathways (e.g., air pollution, decreased wellbeing, etc.), whereas household clean energy consumption benefits residents' health.

Figure 2 shows the theoretical analysis process of the impact of household clean energy consumption on health.


[image: Figure 2]
FIGURE 2
 The theoretical mechanism of household clean energy consumption affecting health. Source: The author draws according to the content.




Data and method


Data

The sample for this study is the 2018 China Health and Retirement Longitudinal Study (CHARLS) data, which is published in September 2020. CHARLS is a longitudinal study that began in 2011 and provides definitive information on the health and aging of Chinese families (31). The 2018 questionnaire covers: demographic backgrounds; family information; health status and function; cognition and depression; informant information; health care and insurance; work and retirement; pension; income, expenditure, and assets; house property, and housing characteristics. The CHARLS covered 28 provinces of China, 150 countries/districts, and 450 villages/urban communities, which are representative at a national level. This paper first matches the data of each module according to the respondent ID; Then extract the data for variables related to this study from the data set; Next, the missing values of variables are processed by means of mean filling, median filling, and deletion, and the data is standardized by the Z-score method; Finally, 11,635 sample data were obtained for empirical analysis.



Variables
 
Explained variable

Health. In the current literature on health issues from the perspective of microeconomics, “health self-assessment” is often used as a proxy variable for “health” (32). Because “health self-assessment” can reflect both the physical and mental health of micro-subjects to a certain extent (20). Therefore, we use residents' subjective health evaluation perceptions as a proxy variable for health, and the data of the survey question “What do you think about your health?” was chosen to measure resident's health.



Explanatory variable

Clean Energy Consumption (CEC). “Whether to use clean energy,” “the percentage of clean energy usage,” and “the frequency of clean energy usage” are three commonly used indicators to measure clean energy consumption (33). However, we cannot obtain data from CHARLS to calculate “the percentage of clean energy usage” and “the frequency of clean energy usage.” Therefore, according to the options in the questionnaire “what is the main source of cooking fuel?” this paper set to CEC = 1 if the respondent chooses clean energy (natural-gas, marsh-gas, LPG, or electricity) and CEC =0 if the respondent chooses non-clean energy (coal, crop-residue, or wood-burning).



Control variables

The individual characteristics, family economic status, and daily life situation of micro-subjects may all have an impact on their health (18). In empirical analysis, these factors are usually added to the model as control variables, so as to improve the accuracy of the regression results of the core explanatory variables and the explained variables. Therefore, this paper selects age, education level, income, and housing structure, etc. as the explained variables (34).

Table 1 presents the main variables of this paper.


TABLE 1 Variables selection and definition.

[image: Table 1]

In this paper, the mean, standard deviation, and maximum and minimum values of the main variables were calculated using Stata v15.0 software, and the calculation results are reported in Table 2. The mean of health is 3.13, indicating that residents are in good health, but still about 24% of respondents are unhealthy. There are 7,872 (67.66%) households using clean energy, and another 1/3 of the households are still using non-clean energy. Most of the respondents were middle-aged (mean age = 50.26), with a total of 6,965 (59.86%) residents between the ages of 41 and 60. The mean of education is 2.23, indicating that most of the residents have a low level of school education, and only 2.01% of the residents have received university education. 178 (1.53%) residents were not yet married, and among the 11,457 residents who were married, 17.82% were in an abnormal state of marriage (widowed, divorced, and separated). The income of the interviewed families was greater than the expenditure, and the gap between household income and expenditure was large, but most of the families were debt free. About 4/5 of the surveyed households purchased public health insurance. 69.15% of the household housing structure is concrete, steel, bricks, and wood. 6,598 (56.71%) of the surveyed households lived in rural areas. From 2013 to 2018, 25.10% of the surveyed households were identified as poor households by the Chinese government. More than half (55.95%) of the respondents were male. Most (72.51%) respondents do not believe in religion. About 10% of respondents are dissatisfied with their current life. Air quality has been significantly improved, and 85.80% of the respondents are satisfied with the current air quality.


TABLE 2 Descriptive statistics of the studied variables.

[image: Table 2]




Econometric model

As “Health” is an ordered multi-category variable, valid estimates may not be obtained if OLS and bivariate Probit models are used. The ordered probit (O-probit) model can meet the requirements of the data structure (5), and Greene et al. (35) uses the ordered probit model to explore the question of health in Australia. Therefore, the main model in this paper is:
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The [image: image] is the latent variable for health; i = 1, 2, 3, 4, 5 denotes five self-evaluations of health; ωn is the intercept term, βn and φn are regression coefficients; CEC is clean energy consumption. CVr is the control variables. μk denotes the error term.

To examine the mediating and moderating effects of clean energy consumption and health, this paper refers to Wen et al. (36) approach and set up a mediating effects model as:

[image: image]

Where MV is the mediating variable, and ρ is the regression coefficient of the mediating variable. If βn,β1,β2 and ρ are all significant, it means that MV has a mediating effect on CEC and [image: image].




Empirical analysis and discussion


Basic regression

We consider that if there is a multi-collinearity issue among variables, it will lead to serious deviations in the regression results. Therefore, the multi-collinearity test was carried out in this study before the regression. The variance inflation factor (VIF) is a common indicator to measure multi-collinearity. The VIF of this paper is 5.63 <10, which means that there is no multi-collinearity issue between the variables selected in this paper (37).

The results from models (1) show that clean energy consumption is significantly and positively associated with health, indicating that the use of clean energy by households can improve the health of residents (38). The trend in the average marginal effect values in the results of model (2) shows that the use of clean energy can gradually improve the health of the residents.

Age is negatively correlated with health under the significance standard of 0.01. With the increase of age, the functions of human organs and the immune system decline, and they are prone to diseases (39). Furthermore, at the 0.01 level of significance, education is positively associated with health, as higher education is associated with higher returns on educational investment, better jobs, income levels, and a greater ability to prevent and treat disease (40). Likewise, this study also revealed a significant positive correlation between income and health. The greater the willingness and ability of residents to invest in health, the greater their willingness and ability (41). Expenditure is significantly and negatively correlated with health, as the more items and amounts a household spends, the less it must spend on savings and investments, the less it is able to invest in health and fight disease, and the more it is vulnerable to health risks (42). In addition, medical insurance is significantly and positively correlated with health, and medical insurance has the function of defusing and hedging health risk (43). Building structure is positively correlated with health, firstly because a safer housing structure indicates a higher level of household income and the ability to cope with disease crises (44), and secondly because households with a safe housing structure can withstand the risks to human health caused by climatic disasters and environmental degradation (45).

As shown in Table 3, marriage is not related to health, which is different from the conclusions of some current studies (46). It is observed that the regression coefficient of marriage is 0.014 > 0, indicating that marriage will have a positive effect on health (47). Debt is not related to health, which is different from the conclusions of Clayton et al. (48) and Andelic and Feeney (49), which may be related to the sample data in this paper and the debt structure of Chinese residents.


TABLE 3 The regression results of CEC and health.

[image: Table 3]



Robustness test

This paper uses three approaches for robustness tests, and the results of the robustness tests are reported in Table 4. First, replace the O-probit model with an ordered logit (O-logit) model (Model 1). Second, the sample size was reduced: the life expectancy per capita in China was 77 years in 2018 (50). Because CHARLS primarily collected health data from people aged 45 and up, samples younger than 45 and older than 77 years were excluded and then regressed (Model 2). Third, the 2018 CHARLS sample set was replaced by the 2018 China Family Panel Studies (CFPS) and the 2018 Chinese General Social Survey (CGSS). CFPS is a nationwide, comprehensive social tracking survey designed to reflect social, economic, demographic, educational, and health changes in China by tracking and collecting data at the individual, household, and community levels (51). CGSS is the earliest national, comprehensive, and continuous academic survey project in China that systematically and comprehensively collects data at multiple levels of society, communities, households, and individuals (52). We extract data from CFPS and CGSS for the same metrics as in this paper; define and calculate “Health,” “CEC,” and control variables in the same way as in this paper; and use the same model (O-probit) to analyze the relationship between clean energy consumption and residents' health (Model 3 and 4).


TABLE 4 The results of robustness test of CEC and health.

[image: Table 4]

As it can be seen in Table 4, clean energy consumption was significantly positively associated with health after robustness tests using three different approaches. The robustness test results support the findings of the basic regression, indicating that the analysis results in this paper are reliable, that is, the long-term use of clean energy in households can significantly improve the health of residents.



Endogenous discussion and treatment

We cannot add all the factors that affect residents' health as control variables to the model for regression, and there may be errors between residents' self-health evaluation and their real health status. This paper may have endogenous issues caused by “missing variables” and “self-selection bias,” resulting in errors in regression coefficients. In this paper, “respondent's residential district (District, 1 = rural, 2 = urban-rural combination, 3 = urban)” was selected as the instrumental variable (IV), and the Iv-O-probit models were used to deal with possible endogenous issues. IV must meet two basic requirements: first is correlation (IV are related to endogenous variables); and second is exclusivity (IV are not related to control variables, explained variables, and error terms). “District” meets the correlation requirements since households living in different districts have different energy consumption due to differences in energy resource endowments (53, 54), thus “District” is related to “CEC.” Some literature believes that rural residents are healthier than urban residents, because of rural residents have a green lifestyle (55). Other studies have found that the health level of urban residents is higher than that of rural residents (56), which may be because cities have more convenient medical resources so as to get more health care. This means that there is no strict causal relationship between “District” and “Health” (57). Therefore, “District” conforms to exclusivity, and it is reasonable to use “District” as an IV in this paper.

The explained variable health in this paper is an ordered multi-category variable, and it is still technically difficult to directly use the IV in combination with O-probit. Therefore, in this paper, we refer to Roodman (58) and use a combination of instrumental variables approach and conditional mixed process (CMP) estimation to deal with the endogenous of the O-probit model. Table 5 reports the results of the Iv-O-probit model for the endogenous problem.


TABLE 5 The results of endogenous treatment of CEC and health with CMP estimation method.

[image: Table 5]

In Table 5, the results of models (1) and (2) show that the IV (District) is significantly correlated with the explanatory variable “CEC” and not with the explanatory variable “Health,” which statistically meets the requirements of IV. The auxiliary estimation parameter atanhrho_12 is significantly different from 0 (P = 0), indicating that there is a significant correlation between the two equations in the joint cubic equation model and that adopting the CMP estimation method is more effective than estimating them separately, also demonstrating that “CEC” is an endogenous variable. The results of model (3) indicate that “CEC” is significantly and positively associated with “Health” after instrumental variables approach with CMP estimation. Compared to the basic regression, the coefficient of 0.072 > 0.054 and the increased average marginal effect value at each cut-off point indicate that the positive health effects of clean energy consumption are underestimated in the base regression. The first stage F-statistic value of 242.4 is greater than the experiential value of 10, indicating that there is no weak instrumental variable problem.



Heterogeneity analysis

In China, women carry out more work within the home than men, and use energy more frequently than men. Twumasi et al. (5) found that the risks to women's health from using non-clean energy were more significant. The results of model (1) in Table 6 show that clean energy consumption is positively associated with men's and women's health at the 0.05 level of significance, and the regression coefficient (0.071 > 0.039) shows that household clean energy consumption has a stronger effect on improving women's health.


TABLE 6 The results of heterogeneity analysis of CEC and health.

[image: Table 6]

The economic status of the household is directly influenced by energy choices. According to the poverty theory of development economics, economically poor households are also more likely to be energy poverty and have a higher reliance on non-clean energy sources (33). The results of model (2) in Table 6 show that clean energy consumption is positively associated with health regardless of whether the household is in poverty or not, but the coefficient values show that clean energy consumption has a more obvious effect on improving the health of poor households.

Religious households regularly incur expenditure on religious activities, have less money to spend on clean energy, and are more likely to use non-clean energy. Simultaneously, some religious teachings may discourage residents from utilizing clean energy (59). The results of model (3) in Table 6 show that clean energy consumption is positively associated with the health of residents who are not religious and not associated with the health of residents who are religious.




Mechanism analysis: Mediating effect test

The use of clean energy in the home increases the life satisfaction (happiness) of residents (60, 61). Residents with high life satisfaction are more concerned about health and less likely to suffer from mental illness. The results of models (1), (2), and (3) in Table 7 show that clean energy consumption increases resident happiness at a significance criterion of 0.01 and is thus significantly and positively associated with residents' health. The corresponding p-values of the Soble and Bootstrap tests are both <0.05, indicating that happiness plays a partial mediating role in clean energy consumption impact on health.


TABLE 7 The results of mediating effect of CEC, happiness and AQ on health.

[image: Table 7]

Household use of non-clean energy pollutes the air and reduces indoor air quality (AQ) (62). Harmful products of energy combustion enter the body through human respiration, causing harm to the health of residents. This paper uses residents' subjective evaluation of air quality as a proxy variable for air quality and conducts a mediating effects analysis. The results of models (1), (4), and (5) in Table 7 show that the long-term use of clean energy significantly enhances air quality and thus improves the health of the residents. The p-values for the corresponding Soble and Bootstrap tests were <0.05, indicating that air quality plays a partially mediating role in clean energy consumption and health.



Further research: Nexus between CEC and eight different common diseases

Chronic diseases have become a global health concern. Obesity, hypertension, hyperlipidemia, diabetes, cancer, lung disease, stroke, asthma, osteoporosis, and kidney disease are the main chronic diseases with increasing diagnosis and mortality rates in the world (3). Deaths from chronic diseases accounted for 88.5% of deaths in China in 2019, with 80.7% of deaths from cardiovascular diseases, cancer, and chronic respiratory diseases (50). Households that used non-clean energy sources were more likely to develop diseases such as cardiovascular disease and asthma (63). Therefore, this paper further discusses the impact of clean energy consumption on common chronic diseases.

It can be seen from Table 8, the results of model (1) show that clean energy consumption significantly reduces the prevalence of hypertension; the results of model (2) illustrate that clean energy consumption is negatively associated with hyperlipidemia at the 0.01 level of significance; the results of model (5) indicate that the long-term use of clean energy significantly suppresses the prevalence of lung disease; and the results of model (7) demonstrate that clean energy use is significantly negatively associated with asthma. The result of models (3), (4), and (6) indicated that the use of clean energy was negatively associated with diabetes, cancer, and stroke, respectively.


TABLE 8 The regression results of CEC and eight different common diseases.

[image: Table 8]

In recent years, depression has become a serious health issue that has plagued society (64). Long-term use of non-clean energy can lead to psychological and mental illness (19). This paper refers to Zhang et al. (65) and select data from seven research questions and take the factor analysis method to measure the depression index as a proxy variable for depression. The seven questions including: (1) I had trouble keeping my mind on what I was doing; (2) I felt depressed; (3) I felt everything I did was an effort; (4) I felt hopeful about the future; (5) I felt fearful; (6) I was happy; (7) I felt lonely.” The answer to each question is “1 = rarely or none of the time, 2 = some or a little of the time, 3 = occasionally or a moderate amount of the time, 4 = most or all of the time.” In Table 8, the results of model (8) show that the use of clean energy significantly reduces the probability of diagnosed depression among residents.



Conclusion and policy recommendations


Conclusions

Recently, both developing and developed countries around the world have committed to using cleaner energy and addressing health issues. Based on health economics and energy economics theory, this paper first examines the impact mechanism of household energy consumption on residents' health. The data from the 2018 CHARLS is used as a sample in an econometric model to investigate whether and how clean energy consumption affects residents' health. This study discovered that long-term use of clean energy can significantly improve residents' health. Simultaneously, household clean energy consumption has a greater impact on the health of women, low-income households, and non-religious residents. Furthermore, the mechanism analysis revealed that subjective happiness and air quality play a partial role in mediating the impact of energy consumption on residents' health. Furthermore, long-term use of clean energy reduced the incidence of hypertension, hyperlipidemia, lung disease, asthma, and depression.



Discussion

Using both theoretical and empirical analyses, this paper verifies the positive impact of clean energy consumption on health, similar to the findings of Twumasi et al. (5), Liao et al. (7), and Wang et al. (16), etc., The contributions of this paper include: (1) using health economics and energy economics theories to analyze the underlying mechanisms of clean energy consumption affecting health; (2) not only analyzing whether clean energy consumption affects residents' health but also discussing how it affects health using mediating effect models; (3) not only analyzing the impact of clean energy consumption on overall health but also studying the relationship between clean energy and common chronic diseases and depression. Meanwhile, there are some limitations to this paper, such as the sample data is from China and the conclusions drawn may only be applicable to China or developing countries (regions) and are not of global relevance. Therefore, this paper provides ideas for further research: (1) Health economics and energy economics theories can be used to lay the groundwork for research on the impact of energy use on health; and (2) scholars can select data from different countries/regions (e.g., China and the United States, Europe and Africa, South Asia, and Western Europe, etc.) for repeated validation and comparative analysis.



Policy recommendations

This study makes three policy recommendations in light of the conclusions.

First, the government first utilizes macro policies to modify the market pricing of clean energy and non-clean energy, reduce the household consumption expenses of clean energy, and boost the consumption demand for clean energy, thereby encouraging households to use clean energy for an extended period of time.

Second, the government provides financial incentives to households in urban areas to upgrade their fuel-energy infrastructure and to hasten the development of clean-burning stoves for those living in rural areas (especially poor households). Financial subsidies will be given to households implementing clean energy facilities to improve their clean energy consumption abilities.

Third, community and rural management organizations play the role of social education, publicize the effect of clean energy consumption, and increase residents' willingness to use clean energy. At the same time, community and rural management organizations should carry out health education activities to raise the health awareness of residents (especially female residents).




Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Author contributions

Material preparation, data collection, and analysis were performed by FL and YD. The first draft of the manuscript was written by FL, YD, WL, DZ, and AC. All authors commented on previous versions of the manuscript, contributed to the study conception and design, and read and approved the final manuscript.



Funding

This study was supported by the Youth Project of National Social Science Foundation of China (grant number 17CGL012) and the Key Project of Social Science Planning of Sichuan Province (grant number SC21A016).



Acknowledgments

The authors' thanks to the China Health and Retirement Longitudinal Study for providing us with raw data.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Ghiara V, Russo F. Reconstructing the mixed mechanisms of health: the role of bio- and sociomarkers. Long Life Course Stud. (2019) 10:7–25. doi: 10.1332/175795919X15468755933353

 2. Tangcharoensathien V, Hirabayashi KC, Topothai C, Viriyathorn S, Chandrasiri O, Patcharanarumol W. Children and women's health in South East Asia: Gap analysis and solutions. Int J Environ Res Public Health. (2020) 17:103366. doi: 10.3390/ijerph17103366

 3. WHO. World Health Statistics 2019: Monitoring Health for the SDGs, Sustainable Development Goals. WORLD HEALTH ORGANIZATION (2021). https://www.who.int/data/gho/publications/world-health-statistics (accessed May 20, 2021).

 4. CNBS. China Statistical Yearbook (in Chinese). Beijing: China Statistical Press (2020).

 5. Twumasi MA, Jiang Y, Addai B, Asante D, Liu D, Ding Z. Determinants of household choice of cooking energy and the effect of clean cooking energy consumption on household members' health status: The case of rural Ghana. Sustain Product Consumpt. (2021) 28:484–95. doi: 10.1016/j.spc.2021.06.005

 6. Imran M, Ozcatalbas O. Determinants of household cooking fuels and their impact on women's health in rural Pakistan. Environ Sci Pollut Res. (2020) 27:23849–61. doi: 10.1007/s11356-020-08701-8

 7. Liao H, Tang X, Wei Y-M. Solid fuel use in rural China and its health effects. Renewable Sustain Energy Rev. (2016) 60:900–8. doi: 10.1016/j.rser.2016.01.121

 8. Stoner O, Shaddick G, Economou T, Gumy S, Lewis J, Lucio I, et al. Global household energy model: a multivariate hierarchical approach to estimating trends in the use of polluting and clean fuels for cooking. J R Statist Soc Series C-Appl Statist. (2020) 69:815–39. doi: 10.1111/rssc.12428

 9. Polgreen PM, Polgreen EL. Infectious diseases, weather, and climate. Clin Infect Dis. (2018) 66:815–7. doi: 10.1093/cid/cix1105

 10. Wu S. The health impact of household cooking fuel choice on women: evidence from China. Sustainability. (2021) 13:e122080. doi: 10.3390/su132112080

 11. Tonn B, Hawkins B, Rose E, Marincic M. Income, housing and health: Poverty in the United States through the prism of residential energy efficiency programs. Energy Res Soc Sci. (2021) 73:e101945. doi: 10.1016/j.erss.2021.101945

 12. Druica E, Goschin Z, Ianole-Calin R. Energy poverty and life satisfaction: structural mechanisms and their implications. Energies. (2019) 12:20. doi: 10.3390/en12203988

 13. Akter S, Pratap C. Impact of clean cooking fuel adoption on women's welfare in India: the mediating role of women's autonomy. Sustainab Sci. (2022) 17:243–57. doi: 10.1007/s11625-021-01069-9

 14. Oliveras L, Peralta A, Palencia L, Gotsens M, Lopez MJ, Artazcoz L, et al. Energy poverty and health: Trends in the European Union before and during the economic crisis, 2007-2016. Health Place. (2021) 67:102294. doi: 10.1016/j.healthplace.2020.102294

 15. Li N, Zhang G, Zhang L, Zhou Y, Zhang N. Improving rural women's health in China: cooking with clean energy. Environ Sci Pollut Res. (2022) 29:20906–20. doi: 10.1007/s11356-021-17380-y

 16. Wang Y, Chen X, Ren S. Clean energy adoption and maternal health: Evidence from China. Energy Econ. (2019) 84:e104517. doi: 10.1016/j.eneco.2019.104517

 17. Bhutto AW, Bazmi AA, Karim S, Abro R, Mazari SA, Nizamuddin S. Promoting sustainability of use of biomass as energy resource: Pakistan's perspective. Environ Sci Pollut Res. (2019) 26:29606–19. doi: 10.1007/s11356-019-06179-7

 18. Liu J, Hou B, Ma X-W, Liao H. Solid fuel use for cooking and its health effects on the elderly in rural China. Environ Sci Pollut Res. (2018) 25:3669–80. doi: 10.1007/s11356-017-0720-9

 19. Zhang Z, Shu H, Yi H, Wang X. Household multidimensional energy poverty and its impacts on physical and mental health. Energy Policy. (2021) 156:e112381. doi: 10.1016/j.enpol.2021.112381

 20. Tian Z, Tian Y, Shen L, Shao S. The health effect of household cooking fuel choice in China: An urban-rural gap perspective. Technol Forecast Soc Change. (2021) 173:e121083. doi: 10.1016/j.techfore.2021.121083

 21. Muller C, Yan H. Household fuel use in developing countries: Review of theory and evidence. Energy Econ. (2018) 70:429–39. doi: 10.1016/j.eneco.2018.01.024

 22. Shen W-T, Yu X, Zhong S-B, Ge H-R. Population health effects of air pollution: fresh evidence from China health and retirement longitudinal survey. Front Public Health. (2021) 9:e779552. doi: 10.3389/fpubh.2021.779552

 23. Mushkin SJ. Health as an investment. J Political Econ. (1962) 70:129–57. doi: 10.1086/258730

 24. Arrow KJ. Uncertainty and the welfare economics of medical care 1963. J Health Polit Policy Law. (2001) 26:851–83. doi: 10.1215/03616878-26-5-851

 25. Henderson JW. Health Economics & Policy. CENGAGE Learning (2008).

 26. Grossman M. On the concept of health capital and demand for health. J Polit Econ. (1972) 2:223–55. doi: 10.1086/259880

 27. Kenkel DS. Should you eat breakfast? Estimates from health production functions. Health Econ. (1995) 4:15–29. doi: 10.1002/hec.4730040103

 28. Tseng H-K, Olsen R. The US health production function: evidence from 2001 to 2009. Int J Health Econ Manage. (2016) 16:51–64. doi: 10.1007/s10754-015-9180-2

 29. Detchon R, Van Leeuwen R. Policy: Bring sustainable energy to the developing world. Nature. (2014) 508:309–11. doi: 10.1038/508309a

 30. Jeong J, Kim CS, Lee J. Household electricity and gas consumption for heating homes. Energy Policy. (2011) 39:2679–87. doi: 10.1016/j.enpol.2011.02.037

 31. Zhao Y, Hu Y, Smith JP, Strauss J, Yang G. Cohort Profile: The China Health and Retirement Longitudinal Study (CHARLS). Int J Epidemiol. (2014) 43:61–8. doi: 10.1093/ije/dys203

 32. Symonds P, Verschoor N, Chalabi Z, Taylor J, Davies M. Home energy efficiency and subjective health in greater London. J Urban Health. (2021) 98:362–74. doi: 10.1007/s11524-021-00513-6

 33. Zang D, Li F, Chandio AA. Factors of energy poverty: evidence from Tibet, China. Sustainability. (2021) 13:17. doi: 10.3390/su13179738

 34. Saenz LJ, Adar DS, Zhang SY, Wilkens J, Chattopadhyay A, Lee J, et al. Household use of polluting cooking fuels and late-life cognitive function: A harmonized analysis of India, Mexico, and China. Environ Int. (2021) 156:e106722. doi: 10.1016/j.envint.2021.106722

 35. Greene W, Harris MN, Hollingsworth B, Weterings TA. Heterogeneity in ordered choice models: a review with applications to self-assessed health. J Econ Surveys. (2014) 28:109–33. doi: 10.1111/joes.12002

 36. Wen Z, Hou J, Zhang L. Comparison and application of moderating and mediating effects. Psychology Journal. (2005) 37:268–274.

 37. Salmeron R, Garcia CB, Garcia J. Variance inflation factor and condition number in multiple linear regression. J Statist Comput Simulat. (2018) 88:2365–84. doi: 10.1080/00949655.2018.1463376

 38. Hou B, Wu J, Mi Z, Ma C, Shi X, Liao H. Cooking fuel types and the health effects: A field study in China. Energy Policy. (2022) 167:e113012. doi: 10.1016/j.enpol.2022.113012

 39. Kowal P, Chatterji S, Naidoo N, Biritwum R, Fan W, Lopez Ridaura R, et al. Data resource profile: the World Health Organization Study on global AGEing and adult health (SAGE). Int J Epidemiol. (2012) 41:1639–49. doi: 10.1093/ije/dys210

 40. Andersson MA, Harnois CE. Higher exposure, lower vulnerability? The curious case of education, gender discrimination, and Women's health. Soc Sci Med. (2020) 246:e112780. doi: 10.1016/j.socscimed.2019.112780

 41. Cui X, Chang C-T. How income influences health: decomposition based on absolute income and relative income effects. Int J Environ Res Public Health. (2021) 18:20. doi: 10.3390/ijerph182010738

 42. Goss JR. Health expenditure data, analysis and policy relevance in Australia, 1967 to 2020. Int J Environ Res Public Health. (2022) 19:e42143. doi: 10.3390/ijerph19042143

 43. Pu X, Wang Y, Zhang W, Zeng M. Can basic medical insurance reduce elderly family income inequality in China? Front Public Health. (2022) 10:e838733. doi: 10.3389/fpubh.2022.838733

 44. Alaazi DA, Stafinski T, Evans J, Hodgins S, Oteng-Ababio M, Menon D. “Our Home Is a Muddy Structure”: Perceptions of housing and health risks among older adults in contrasting neighborhoods in Ghana. Front Public Health. (2021) 9:e650861. doi: 10.3389/fpubh.2021.650861

 45. Na Y, Palikhe S, Lim C, Kim S. Health performance and cost management model for sustainable healthy buildings. Indoor Built Environ. (2016) 25:799–808. doi: 10.1177/1420326X15586585

 46. Sato K. Does marriage improve subjective health in Japan? Japan Econ Rev. (2020) 71:247–86. doi: 10.1007/s42973-019-00010-1

 47. Tumin D, Zheng H. Do the health benefits of marriage depend on the likelihood of marriage? J Marriage Family. (2018) 80:622–36. doi: 10.1111/jomf.12471

 48. Clayton M, Linares-Zegarra J, Wilson JOS. Does debt affect health? Cross country evidence on the debt-health nexus. Soc Sci Med. (2015) 130:51–8. doi: 10.1016/j.socscimed.2015.02.002

 49. Andelic N, Feeney A. Poor mental health is associated with the exacerbation of personal debt problems: A study of debt advice adherence. Int J Soc Psychiatry. (2022). doi: 10.1177/00207640221083205. [Epub ahead of print].

 50. CNHC. Report on Nutrition and Chronic Diseases of Chinese Residents 2020. China National Health Commission. (2020).

 51. Cao D, Zhou Z, Liu G, Shen C, Ren Y, Zhao D, et al. Does social capital buffer or exacerbate mental health inequality? Evidence from the China Family Panel Study (CFPS). Int J Equity Health. (2022) 21:75. doi: 10.1186/s12939-022-01642-3

 52. Zhang Y, Jiang J. Social capital and health in China: Evidence from the Chinese General Social Survey 2010. Soc Indicat Res. (2019) 142:411–30. doi: 10.1007/s11205-018-1907-2

 53. Gosens J, Lu Y, He G, Bluemling B, Beckers TAM. Sustainability effects of household-scale biogas in rural China. Energy Policy. (2013) 54:273–87. doi: 10.1016/j.enpol.2012.11.032

 54. Rahut DB, Behera B, Ali A. Patterns and determinants of household use of fuels for cooking: Empirical evidence from sub-Saharan Africa. Energy. (2016) 117:93–104. doi: 10.1016/j.energy.2016.10.055

 55. Tang J, Ruan H, Wang C, Xu W, Li C, Dong X. Social network, cognition and participation in rural health governance. Int J Environ Res Public Health. (2022) 19:e52862. doi: 10.3390/ijerph19052862

 56. Cohen SA, Ahmed N, Brown MJ, Meucci MR, Greaney ML. Rural-urban differences in informal caregiving and health-related quality of life. J Rural Health. (2022) 38:442–56. doi: 10.1111/jrh.12581

 57. Ozcan KM, Gulay E, Ucdogruk S. Economic and demographic determinants of household energy use in Turkey. Energy Policy. (2013) 60:550–7. doi: 10.1016/j.enpol.2013.05.046

 58. Roodman D. Fitting fully observed recursive mixed-process models with cmp. Stata J. (2011) 11:159–206. doi: 10.1177/1536867X1101100202

 59. Bernardelli LV, Kortt MA, Michellon E. Religion, health, and life satisfaction: evidence from Australia. J Religion Health. (2020) 59:1287–303. doi: 10.1007/s10943-019-00810-0

 60. Awaworyi Churchill S, Smyth R, Farrell L. Fuel poverty and subjective wellbeing. Energy Econ. (2020) 86:e104650. doi: 10.1016/j.eneco.2019.104650

 61. Nie P, Li Q, Sousa-Poza A. Energy poverty and subjective well-being in China: New evidence from the China Family Panel Studies. Energy Econ. (2021) 103:e105548. doi: 10.1016/j.eneco.2021.105548

 62. Jin Y, Ma X, Chen X, Cheng Y, Baris E, Ezzati M, et al. Exposure to indoor air pollution from household energy use in rural China: the interactions of technology, behavior, and knowledge in health risk management. Soc Sci Med. (1982) 62:3161–76. doi: 10.1016/j.socscimed.2005.11.029

 63. Sharpe RA, Machray KE, Fleming LE, Taylor T, Henley W, Chenore T, et al. Household energy efficiency and health: Area-level analysis of hospital admissions in England. Environ Int. (2019) 133:105164. doi: 10.1016/j.envint.2019.105164

 64. WHO. Depression and Other Common Mental Disorders: Global Health Estimates. World Health Organization (2017).

 65. Zhang J, He Y, Zhang J. Energy poverty and depression in rural China: evidence from the quantile regression approach. Int J Environ Res Public Health. (2022) 19:e21006. doi: 10.3390/ijerph19021006



OPS/images/math_1.gif





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Household clean energy consumption and health: Theoretical and empirical analysis



		Introduction



		Theoretical analysis



		Data and method



		Data



		Variables



		Explained variable



		Explanatory variable



		Control variables









		Econometric model







		Empirical analysis and discussion



		Basic regression



		Robustness test



		Endogenous discussion and treatment



		Heterogeneity analysis







		Mechanism analysis: Mediating effect test



		Further research: Nexus between CEC and eight different common diseases



		Conclusion and policy recommendations



		Conclusions



		Discussion



		Policy recommendations







		Data availability statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		References

















OPS/images/inline_2.gif
Health;





OPS/images/math_3.gif
Health = wp+ Py x CEC+@n x CVr+ g (3)





OPS/images/math_2.gif
H = f (EC, W,HC, ES,.

,EN,SC, X)





OPS/images/inline_1.gif
Health;





OPS/images/fpubh-10-945846-t008.jpg
Probit (1) Probit (2) Probit (3) Probit (4) Probit (5) Probit (6) Probit (7) OLS (8)

Variables Hypertension Hyperlipidemia  Diabetes Cancer Lung Stroke Asthma  Depression
CEC —0.092"** (0.028)  —0.038* (0.003) —0.046 (0.040) —0.072 (0.076)  —0.134*** (0.032) —0.052*** (0.038) —0.088*** (0.030) —0.025*** (0.008)
Ccv Control Control Control Control Control Control Control Control
Constant —0.292*** (0.024)  —0.747*** (0.026) —1.638"** (0.040) —2.241"** (0.065) —1.014*** (0.029) —1.415*** (0.035) —1.524*** (0.037) 0.606*** (0.007)
Observations 11,635 11,635 11,635 11,635 11,635 11,635 11,635 11,635

Robust standard errors in parentheses ***p < 0.01.
disease/Stroke/Asthma? 1,

clean energy consumption; Different dis
ion index calculates by the factor analysis model

ancer/Lung

are you diagnosed with Hypertension/Hyperlipidemia/Diabetes

0, n0; Depression, depre










OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Public Health





OPS/images/fpubh-10-945846-t003.jpg
Variables

CEC
Age
Education
Marriage
Income
Expenditure
Debt
Insurance
BS

Observations

O-probit (1)
Health

0.054** (0.025)
~0.004*** (0.001)
0,016 (0.004)
0.014 (0.027)
0,034 (0.004)
—0.014°* (0.006)
0.003 (0.002)
0.056™ (0.027)
0.020°* (0.010)
11,635

Health =1

~0.006"" (0.003)

11,635

O-probit (2) (marginal effect)

Health =2 Health =3 Health =4
—0011** (0.005) —0.002*" (0.001) 0.009° (0.004)
11,635 11,635 11,635

Health=5

0.010° (0.005)

11,635

clean energy consumption; 1, clean energy; 0, non-clean energy; Health, self-health evaluation; 1, very poor; 2, poor;
ructure.





OPS/images/fpubh-10-945846-t004.jpg
Replace model Reduce sample Replace sample set

O-logit (1) O-probit (2) O-probit (3) CEPS_2018 O-probit (4) CGSS_2018
Variables Health Health Health Health
CEC 0090 (0.043) 0.062* (0.030) 0,072 (0.018) 0.146" (0.019)
cv Control Control Control Control
Observations 11,635 10,666 13,502 12781

health evaluatic control variables.

Robust standard errors in parenthes

p < 0.01,**p < 0.  energy consumption; Health, sel






OPS/images/fpubh-10-945846-t001.jpg
Type

Explained variables
Explanatory variable

Control variables

Instrumental variable
Heterogeneity test

variables

Mediating variable

Variables

Self-health evaluation
(Health)

Clean energy consumption
(CEC)

Age

Education

Marriage

Income
Expenditure
Debt

Insurance

Building structure
(BS)
District

Gender

Poverty
Religious
Air quality
(AQ)
Happiness

Definition

faiy

What do you think of your health? 1 = very poor; 2 = poor; 4= goods 5 = very good.

What is the main source of cooking fuel? Natural-gas, marsh-gas, liquefied-petroleun-gas and electric = clean

energy = CEC = 1; coal, crop-re:
h.

lue, and wood-burning = non-clean energy = CEC = 0.

2018-Year of

Whats the highest level of education you have now (not including adult education)? 1 = literate; 2 = did not
finish primary school, home school or elementary school; 3 = middle school, high school, vocational school, or
associate degree; 4 = bachelor's degree, master's degree, or doctoral degree.

What is your marital status? 0 = never married; 1 = married; 2 = widowed, divorced and separated (don't live
together as a couple anymore).

Ln (annual income) = Ln (wage income + business income + transfer income + property income + 1)

Ln (annual expenditure) = L [(monthly expenditure) x12 +1]
Ln (bank loan debt + credit card debt+ other debt)
Have you bought medical insurance? (Include public medial insurance and private commercial medical

insurance), 1 = yes; 0= no.

What type of structure is this building? 1 = Stone; 2 = Mongolian yurt/Woolen felt/Tent; 3 = Cave dwelling; 4
= Wood/Thatched; 5 = Adobe; 6 = Concrete and steel/Bricks and wood.
Respondents residential district? 1 = rural; 2 = urban-rural combination; 3 = urban.

1= male; 0 = female.

From 2013 to 2018, was your far

y identified as a poor household by the government? 1=yes; 0

Are you religious? 1 = yes; 0 = no.

Are you satisfied with the current air quality? 1 = not at all satisfied; 2 = not very satisfied; 3 = somewhat

satisfied; 4 = very satisfied; 5 = completely satisfied.

Are you satisfied with your current life? 1 = not at all satisfed; 2 = not very satisfied; 3 = somewhat satisfieds 4

= very satisfied, 5 = completely satisfied.





OPS/images/fpubh-10-945846-t002.jpg
Variables

Health
Health =1
Health =2
Health =3

Health =4

Age
18 < Age < 40
41 = Age < 60
61< Age <97

Education

Education

Education = 2
Education = 3
Education = 4
Marriage
Marriage =0
Marriage = 1
Marriage =2
Income
Expenditure
Debt
Insurance
Insurance = 1

Insurance =0

District = 1
District =2
District =3

Gender
Gender = 1
Gender =0

Poverty
Poverty =1
Poverty =0

Religious
Religious = 1
Religious =0

AQ
AQ=1
AQ=2
AQ=3
AQ=1
AQ=5

Happiness
Happiness = 1
Happiness =2
Happiness =3
Happiness = 4

Happiness =

Observations

11,635
645
2,155
5,197
2319
1,319
11,635
7,872
3,763
11,635
934
6965
3736
11,635
2,019
5178
4,204
234
11,635
178
9,384
2,073
11,635
11,635
11,635
11,635
9,132
2,503
11,635
206
109
167
135
2972
8,046
11,635
6598
2,964
2,073
11,635
6510
5125
11,635
2920
8715
11,635
3,198
8,437
11,635
329
1,323
5,089
4420
474
11,635
327
857
5258
4,689
504

Percentage

100.00%
5.54%
18.52%
44.67%
19.93%
11.34%
100.00%
67.66%
3234%
100.00%
8.03%
59.86%
32.11%
100.00%
17.35%
44.50%
36.13%
201%
100.00%
1.53%
80.65%
17.82%
100.00%
100.00%
100.00%
100.00%
78.49%
2151%
100.00%
1.77%
0.94%
1.44%
1.16%.
25.54%
69.15%
100.00%
56.71%
2547%
17.82%
100.00%
55.95%
44.05%
100.00%
25.10%
74.90%
100.00%
27.49%
7251%
100.00%
283%
11.37%
43.74%
37.99%
4.07%
100.00%
281%
7.37%
45.19%
40.30%
433%

Mean

303

076

5126

223

117

9.14
896
128
079

563

161

056

025

028

329

336

Std. dev.

102

043

963

075

039

238
161
345
041

08

077

043

045

0.83

0.80

Min

18

0.00
0.00
0.00

97

1748
1451
15.43





OPS/images/fpubh-10-945846-t007.jpg
O-probit (1)

Variables Health
CEC 0.054* (0.025)
Happiness

AQ

Soble test (p)

Bootstrap (500)

v Control
Observations 11,635

Robust standard errors in parenthes

completely satisfied; CV, control variables.

p <001, *p < 0.05.C
tsatisfied; 4, very satisfied; 5, completely sat

O-probit (2) O-probit (3)
Happiness Health

00827 (0.024) 0.075*** (0.023)
0.0274* (0.0123)

0,046 < 005
Direct effect (p = 0.058 < 0.10)
Indirect effect (p = 0.001 < 0.01)
Control Control
11,635 11,635

>, le:

tisfactions 1, not at all

fied; AQ air quality

energy consumption; Health, self-health evaluation; Happis

O-probit (4) O-probit (5)
AQ Health

0085 (0.023) 0.075*** (0.023)

0.030"" (0.012)
0.036 < 0.05
Direct effect (p = 0.025 < 0.05)
Indirect effect (p = 0.001 < 0.01)

Control Control

11,635 11,635






OPS/images/fpubh-10-945846-t005.jpg
First stage CMP estimation method

O-probit (1)  Probit  Iv-O-probit (3) Iv-O-probit (4)
) (Marginal effect)
Variables Health CEC Health Health Health=2 Health=3 Health=4 Health=5
CEC 0.054°* (0.025) 0,072 (0033)  —0.005"*(0.002) —0.010* (0.004) —0.002"* (0.001) 0.009"* (0.004)  0.019"* (0.009)
District 0012(0010)  0.096"
0.026)
atanhrho_12(P) 0.000 0.000 0.000 0.000 0.000 0.000
F statistics 2024
cv Control Control Control Control Control Control Control Control
Observations 11,635 11,635 11,635 11,635 11,635 11,635 11,635 11,635

Robust standard errors in parenthes , clean energy consumption; Health,

elf-health evaluation; District, the area where the respondents live

; 1, rural
urban-rural combination; 3, urt






OPS/images/fpubh-10-945846-t006.jpg
Variables

CEC
cv

Observations

Robust standard errors

1, yes; 0, no; €

O-probit (1) O-probit (2)

O-probit (3)

Male Female Poverty =1 Poverty =0 Religious = 1 Religious = 0
Health Health Health Health Health Health
0039 (0.017) 0071 (0.034) 0137 (0.058) 0058 (0.025) 0015 (0.067) 0074+ (0.025)
Control Control Control Control Control Control
6510 5125 2920 8715 3,198 8,437
parentheses **p < 0.01, **p < 0.05 nergy consumption; Health, self-health evaluation; Poverty, poor family; 1, yes; 0, no; Religious, religious br

ontrol variabl






OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Household clean energy

consumption and health:

Theoretical and empirical
analysis





OPS/images/fpubh-10-945846-g001.gif
Kottty 110000
A ——
rbien-chons oy S0aouing o0 (o Ry am Al 404D





OPS/images/fpubh-10-945846-g002.gif
el
jooely

ey on N ey






OPS/images/math_5.gif
Health] = wn + Bn x CEC+ gn x CVy + g
MV =1 +p1 x CEC+g1 x CVy + a1 ©®
Health? = w) + P2 x CEC+ p x MV + g3 x CVy + 2






OPS/images/math_4.gif
@






