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economic growth has effectively enhanced residents’ 
health levels, with the average life expectancy of Chi-
nese residents increasing remarkably. On the other 
hand, various types of environmental pollution result-
ing from industrialization can significantly undermine 
the health of Chinese residents [4, 5]. According to the 
World Health Organization’s health statistics report, 
environmental pollution has a negative impact on resi-
dents’ health. For instance, Lee PureunHaneul’s research 
found that air pollution can trigger various respiratory 
diseases [6]; Migliaccio Silvia discovered that environ-
mental pollutants increase the likelihood of cardiovascu-
lar and cerebrovascular diseases [7]; Denise determined 

Presentation of the issue
The rapid development of the Chinese economy has sig-
nificantly improved people’s quality of life [1]. However, 
it has also given rise to increasingly severe environmen-
tal pollution problems [2], and the conflict between 
economic development and environmental pollution 
has become more prominent [3]. On one hand, rapid 
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Abstract
Background  Environmental regulations and energy technology innovation play crucial roles in promoting 
environmental construction, enhancing ecological environment quality, and improving residents’ health and well 
- being.

Method  This study integrated the 2017, 2018, and 2021 Chinese General Social Survey (CGSS) data with urban macro 
- data. Empirical tests were conducted using the Ologit model, followed by robustness and heterogeneity tests, to 
explore the impact of environmental regulations and energy technology innovation on residents’ health.

Result  Empirical research findings indicate that, first, environmental regulations and energy technology innovation 
contribute to improving residents’ self - rated health and mental health. Second, after introducing the interaction term 
between environmental regulation and energy technology innovation, it was discovered that energy technology 
innovation negatively moderates the promoting effect of environmental regulation on residents’ health, suggesting 
a substitution effect between the two. Finally, heterogeneity analysis reveals that environmental regulations and 
energy technology innovation exhibit significant age - related, gender - based, and urban - rural heterogeneity in their 
impacts on residents’ health.

Conclusion  This study recommends that residents actively engage in environmental supervision, the government 
further strengthens environmental supervision, and enterprises continue to pursue energy technology innovation to 
enhance the positive impact of environmental regulation and energy technology innovation on residents’ health.
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through a literature review that various environmental 
pollutants have been proven to be carcinogenic to adults 
[8]. Moreover, environmental pollution can directly affect 
residents’ lifespan. Jan believed that environmental pol-
lution can reduce residents’ life expectancy [9], and 
Meo’s research showed that air pollutants can increase 
residents’ mortality rate [10]. Further analysis indicates 
that due to the spatial spillover effects of environmental 
pollution [11], it not only affects the health of local res-
idents but also poses a threat to the health of residents 
in surrounding cities. Precisely because of the negative 
externalities of environmental pollution on residents’ 
health, environmental regulation has become an inevi-
table choice in social development. As the main drivers 
of social development, both the government and enter-
prises are expected to play key roles in environmental 
regulation.

To address the negative impact of environmental pol-
lution, the Chinese government has implemented a vari-
ety of environmental regulatory measures. Specifically, 
the Chinese government has successively issued multiple 
environmental policies, such as the Action Plan for Air 
Pollution Prevention and Control, the Action Plan for 
Water Pollution Prevention and Control, and the Action 
Plan for Soil Pollution Control, achieving remarkable 
results. Simultaneously, through financial means like 
energy - conservation and environmental - protection 
expenditures and investment in industrial pollution con-
trol, the Chinese government has also made significant 
progress in environmental protection and pollution con-
trol. According to the 2023 China Ecological Environ-
ment Status Bulletin, China’s ecological environment 
has been continuously improving. From the enterprise 
perspective, as the main source of industrial pollution, 
environmental regulation is essential for enterprises. To 
achieve sustainable development between environmen-
tal protection and economic growth, energy technology 
innovation is a necessary choice for enterprises [12]. On 
one hand, through energy technology innovation or tech-
nological progress, enterprises have enhanced the uti-
lization of renewable energy [13] and natural resources 
[14]. The improvement in enterprises’ green productiv-
ity helps reduce industrial pollution emissions, thereby 
promoting the harmonious development of the ecologi-
cal environment [15]. On the other hand, energy tech-
nology innovation can also influence the efficiency of 
government environmental regulations. When the level 
of energy technology innovation is high, enterprises can 
more efficiently develop and adopt clean - energy tech-
nologies, reduce pollution - control costs, and respond 
more effectively to government environmental regula-
tions, further improving environmental quality. However, 
when the level of energy technology innovation is low, 
it not only fails to improve the efficiency of government 

environmental regulations but also leads to limited 
environmental improvement due to the low - level 
technology.

In current research, scholars have explored the impact 
of environmental pollution on residents’ health from 
diverse perspectives. Nonetheless, there is still a lack of a 
research framework that combines environmental regu-
lation and energy technology innovation, especially in 
terms of micro - level data analysis and the exploration 
of heterogeneity among different groups. Against this 
backdrop, a question that requires further consideration 
is whether environmental regulation and energy technol-
ogy innovation have actually improved the health of the 
population. Based on the above background and analy-
sis, this study aims to investigate the impact of environ-
mental regulation and energy technology innovation on 
the health level of the population from the perspectives 
of sociology, management, and economics. By using the 
data from the 2017, 2018, and 2021 Chinese General 
Social Survey (CGSS), and with data sourced from the 
China Statistical Yearbook, and the State Intellectual 
Property Office, this study employs the Ologit model to 
empirically test the impact of environmental regulation 
and energy technology innovation on residents’ health. 
Compared with existing studies, the possible marginal 
contributions of this paper are as follows:

Firstly, most existing literature focuses on the impact 
of either environmental regulations or energy technol-
ogy innovation on residents’ health separately, lacking a 
comprehensive research framework that combines the 
two. There is also a shortage of micro - level data analysis 
and exploration of heterogeneity among different groups. 
Moreover, existing literature rarely delves into the inter-
action between environmental regulation and energy 
technology innovation, especially how energy technology 
innovation moderates the impact of environmental regu-
lation on residents’ health. This study fills these research 
gaps by integrating environmental regulations, energy 
technology innovation, and resident health into a multi-
dimensional research framework, providing a more com-
prehensive perspective.

Secondly, this study matches provincial - level macro - 
data on environmental regulation and energy technology 
innovation with residents’ micro - data to explore their 
impact on residents’ health. This provides micro - level 
evidence for the government to formulate environmental 
protection policies, which is of practical significance.

Thirdly, this study examines heterogeneity from multi-
ple perspectives. It not only analyzes the overall impact of 
environmental regulations and energy technology inno-
vation on residents’ health but also further explores the 
differences in these impacts among different groups, such 
as age, gender, and urban - rural areas. This in - depth 
analysis offers a more targeted basis for policy - making.
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The remaining part of this study is structured as fol-
lows: The second part presents a theoretical analysis of 
the impact of environmental regulation and energy tech-
nology innovation on population health and formulates 
the hypotheses of this study based on the theoretical 
analysis. The third section describes the data sources, 
variable definitions, and model design. The fourth sec-
tion presents the basic regression empirical results, 
robustness test results, and heterogeneity test results of 
this study and discusses them based on the test results. 
The fifth section conducts a comprehensive discussion in 
light of the research results. The sixth section puts for-
ward feasible recommendations and points out the limi-
tations of this study in response to the research findings.

Theoretical analysis and research hypothesis
Environmental regulation and population health
The increasingly prominent environmental problems [16] 
in China have become a major threat to the sustainable 
development of the Chinese economy and the physical 
and mental health of its residents [17]. Existing research 
has shown that environmental pollution has a negative 
impact on both the physical and mental health of resi-
dents. To counteract the negative effects of environmen-
tal pollution on residents’ physical and mental health, 
the Chinese government has implemented various envi-
ronmental regulatory measures [18]. So, does environ-
mental regulation affect residents’ health? The theory of 
environmental exposure and health posits that residents’ 
health is closely related to various exposure factors in the 
environment. These factors can enter the human body 
through air, water, soil, food, and other pathways, lead-
ing to various health problems. From the perspective of 
the environmental exposure and health theory, this study 
analyzes the direct and indirect impacts of environmental 
regulations on residents’ health. Firstly, analyze the direct 
impact of environmental regulations on residents’ health. 
Environmental regulation is an important means for the 
government to reduce environmental pollution, protect 
the ecological environment, and promote sustainable 
development by formulating and implementing a series 
of policies, regulations, and measures. The fundamental 
purpose is to reduce environmental pollution [19]. By 
doing so, it helps improve the physical and mental health 
of residents. For example, existing research has found 
that high concentrations of PM2.5, nitrogen dioxide, and 
sulfur dioxide can not only cause various acute or chronic 
diseases [20], but also increase the risk of death for resi-
dents [21]. Furthermore, as the level of air pollution rises, 
it will also suppress the mental health level of residents 
[22]. Evidently, air pollution can have a detrimental effect 
on residents’ health. Through implementing environmen-
tal regulations such as policy constraints [23], increasing 
urban green spaces [24], and increasing environmental 

protection expenditures [25], air pollutants can be 
effectively controlled and reduced, which is beneficial 
for improving residents’ health [26]. Meanwhile, from 
the perspective of water pollution, it not only threatens 
drinking - water safety [27], but toxic substances in water 
pollution may also negatively impact residents’ health 
through the food chain [28]. Therefore, through environ-
mental regulations, such as the government increasing 
efforts in wastewater treatment, the quality of the water 
- source environment can be improved [29], thus avoid-
ing the negative impact of water pollution on residents’ 
health. In addition, the government can also avoid the 
impact of soil pollution on residents’ health through envi-
ronmental regulations [30]. New pollutants also include 
noise pollution, which not only causes hypertension [31] 
and heart disease in residents [32], but also affects their 
mental health by disturbing their sleep [33]. The govern-
ment can effectively address the impact of noise pollution 
on residents’ health through environmental regulation 
measures such as investment in noise - pollution control, 
thereby alleviating the effects of various pollutants on 
residents’ physical and mental health.

Secondly, considering the indirect impact of environ-
mental pollution on residents’ health, on one hand, the 
inhibitory effect of environmental pollution on residents’ 
health leads to an increase in residents’ health expendi-
ture [34, 35]. The reduction in disposable funds also has 
a negative impact on residents’ mental health. On the 
other hand, environmental pollution inevitably reduces 
residents’ sense of well - being, thus suppressing their 
mental health [36]. At the same time, with the improve-
ment of residents’ awareness of pollution prevention 
[37], residents will strengthen their pollution avoidance 
behavior [38], and increase expenditures on necessary 
defensive items such as masks and air purifiers to miti-
gate the impact of pollution exposure on their health 
[39]. Through environmental regulations, reducing the 
level of environmental pollution can save residents from 
these additional expenses. Residents can then invest this 
portion of funds in health - related aspects, promoting 
the improvement of their own health levels.

In summary, the theory of environmental exposure and 
health suggests that various exposure factors can affect 
residents’ physical and mental health, and environmen-
tal regulations can reduce these exposure factors in the 
ecological environment, thereby helping to mitigate the 
impact of environmental pollution on residents’ health. 
Based on this, this study proposes the following two 
research hypotheses:

H1a: Environmental regulation contributes to the self-
assessed health of the population.

H1b: Environmental regulation contributes to the men-
tal health of the population.
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Energy technology innovation and population health
Energy technology innovation refers to the process of 
improving energy efficiency, reducing energy consump-
tion and environmental pollution, and promoting the 
development of the energy system towards a cleaner, 
more efficient, and sustainable direction through the 
research and application of new technologies, processes, 
materials, and other means. Do energy technology inno-
vations affect the health of the population? The answer 
is affirmative [40]. On one hand, industrial production 
inevitably generates industrial pollution, including waste 
gas, waste water, waste residue, and noise. Under the 
requirements of the government’s environmental pro-
tection policy [41], and to achieve sustainable economic 
development in the new era, energy technology innova-
tion [42] has become a necessary path for enterprises. 
Enterprises’ green production through energy technol-
ogy innovation [43] not only improves resource utili-
zation [44], but also reduces pollutant emissions [45], 
which enhances the overall environmental level of soci-
ety. The improvement in the environment has a positive 
impact on the physical and mental health of residents. 
On the other hand, due to the spatial spillover effect of 
green technology [46], at the social level, the use of green 
energy technology to handle production waste [47] and 
municipal waste [48] can help reduce pollutant emis-
sions, thus lowering the likelihood of environmental pol-
lution and having a positive effect on residents’ health. 
From this perspective, energy technology innovation 
is beneficial for improving the health of the population. 
Moreover, energy technology innovation requires enter-
prises to increase the number of professional and skilled 
workers. The increase in labor demand [49] and changes 
in the economic level [50] have a positive impact on the 
labor market, and disposable funds also affect residents’ 
health expenditure and health investment [51].

In summary, energy technology innovations can influ-
ence the health of the population from both direct and 
indirect perspectives. Based on this, this study proposes 
the following two research hypotheses:

H2a: Energy technology innovations can help improve 
the self-assessed health of the population.

H2b: Energy technology innovations can help improve 
the mental health of the population.

The interaction between environmental regulations and 
energy technology innovation on residents’ health
There may be a complex interactive relationship between 
environmental regulations and energy technology inno-
vation. This interaction is not only reflected in the driving 
effect of environmental regulation on energy technol-
ogy innovation but also in the enhancing effect of energy 
technology innovation on environmental regulation. In 

addition, the synergistic effect between the two has a sig-
nificant impact on residents’ health.

Firstly, environmental regulations promote energy 
technology innovation in enterprises through policy con-
straints and fiscal incentives. Strict environmental poli-
cies increase the cost of pollution control for enterprises, 
forcing them to adopt cleaner production technologies 
and reduce pollution emissions. For example, the Chi-
nese government has implemented environmental poli-
cies such as the Action Plan for Air Pollution Prevention 
and Control, the Action Plan for Water Pollution Preven-
tion and Control, and the Action Plan for Soil Pollution 
Control to encourage enterprises to adopt clean - energy 
technologies and reduce industrial pollution emissions. 
Environmental regulations not only drive technologi-
cal innovation by increasing enterprises’ environmental 
protection costs but also encourage them to engage in 
green technology innovation through incentives such as 
financial subsidies and tax incentives. This policy - driven 
technological innovation not only helps reduce environ-
mental pollution but also enhances the competitiveness 
of enterprises.

Secondly, energy technology innovation can improve 
the efficiency of environmental regulation enforcement. 
By developing and applying clean - energy technolo-
gies, companies can more efficiently reduce pollutant 
emissions, thereby lowering the cost of implementing 
environmental regulations. For example, the applica-
tion of renewable - energy technologies can reduce the 
use of fossil fuels, lowering air - pollutant emissions and 
enhancing the effectiveness of environmental regulations. 
Moreover, energy technology innovation can also pro-
mote the improvement of environmental quality across 
society through technology spillover effects. For instance, 
the promotion of clean - energy technology not only 
reduces industrial pollution but also decreases pollutant 
emissions in urban waste treatment, further improving 
environmental quality.

Finally, there may be synergies between environmental 
regulations and energy technology innovation. Environ-
mental regulations provide policy support and market 
demand for energy technology innovation, while energy 
technology innovation offers technical guarantees and 
solutions for environmental regulations. This synergis-
tic effect jointly promotes the improvement of environ-
mental quality and the enhancement of residents’ health. 
For example, environmental regulations promote energy 
technology innovation in enterprises through policy 
constraints and fiscal incentives, and energy technology 
innovation enhances the effectiveness of environmental 
regulations by improving pollution - control efficiency 
and reducing the implementation cost of environmental 
regulations. This synergistic effect not only helps reduce 
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environmental pollution but also improves the health 
level of residents.

Based on the above analysis, this study proposes the 
following hypothesis:

H3: Innovation in energy technology can have a posi-
tive impact on the health of residents through envi-
ronmental regulations. Specifically, energy technology 
innovation may regulate the impact of environmental 
regulations on residents’ health through substitution 
effects (i.e., as the level of energy technology innovation 
increases, the government reduces environmental gover-
nance investment) or complementary effects (i.e., energy 
technology innovation improves the efficiency of envi-
ronmental regulation enforcement).

Research design
Data sources
The data on individual residents used in the empirical 
analysis of this study are derived from the Chinese Gen-
eral Social Survey (CGSS). As the earliest nationwide, 
comprehensive, and continuous academic survey project 
in China, the CGSS is implemented by the China Survey 
and Data Center of Renmin University of China. It adopts 
stratified sampling and multi - stage random sampling 
methods to ensure the representativeness of the sample 
nationwide. In the stratified sampling, the CGSS strati-
fies based on China’s administrative divisions (provinces, 
cities, counties), ensuring that each province has cor-
responding sample coverage. In the second step, it uses 
multi - stage random sampling. Within each layer, the 
CGSS randomly selects cities or counties first, then ran-
domly selects communities within each city or county, 
and finally randomly selects households and individuals 
within the communities. Through this sampling method, 
the CGSS data can cover 28 provinces in China, including 
both urban and rural areas, ensuring the representative-
ness of the sample in terms of geographical distribution, 
population characteristics, and other aspects. In this 
study, the micro - data of residents from the 2017, 2018, 
and 2021 CGSS were systematically collected. The envi-
ronmental regulation data used in the empirical analysis 
are sourced from the China Statistical Yearbook, and the 
energy technology innovation data come from the State 
Intellectual Property Office of China. After data sum-
marization, these data are respectively matched with the 
residential micro - data. The data - matching steps are as 
follows:

To match macro - data with micro - data, this study 
uses provincial identifiers for matching. The specific 
steps are as follows:

Data cleaning: First, the CGSS data were cleaned to 
remove missing variables and samples that refused to 
answer. Then, based on the province information in the 
CGSS data, the residents’ health data were matched with 

the environmental regulations and energy technology 
innovation data of each province.

Variable definition: In the matching process, environ-
mental regulation (ER) is measured by the completed 
investment in environmental pollution control in each 
province. Energy technology innovation (ETI) is mea-
sured by the number of renewable - energy authorized 
patents in each province. To eliminate dimensional dif-
ferences, logarithmic processing was performed on envi-
ronmental regulations and energy technology innovation 
data.

Matching process: By using the province information 
in the CGSS data, the health data of each resident were 
matched with the environmental regulations and energy 
technology innovation data of their province. For exam-
ple, if a resident lives in Beijing, their health data will be 
matched with the completed investment in environmen-
tal pollution control and the number of authorized pat-
ents for renewable energy in Beijing.

Post - matching Data Processing: After the matching 
is completed, the data is further standardized to ensure 
that all variables can be compared on the same scale. 
For instance, logarithmic transformation of the envi-
ronmental regulation and energy technology innovation 
data is carried out to reduce the skewness of the data 
distribution.

This study selected data from the 2017, 2018, and 2021 
CGSS, mainly for the following reasons. Firstly, the data 
from these years have good representativeness and con-
tinuity, which can accurately reflect the changing trends 
of China’s social environment, economic conditions, and 
residents’ health in recent years. Secondly, 2017 and 2018 
were periods when China intensively introduced a large 
number of environmental regulation and energy technol-
ogy innovation policies. Selecting data from these years 
helps to more effectively capture the impact of policy 
implementation on residents’ health. Thirdly, the 2021 
data is the latest available data, which can reflect the lat-
est trends of social and environmental changes.

In addition, this study fully considers the time - lag 
effect of environmental regulation and energy technology 
innovation on residents’ health. The effects of environ-
mental policies and technologies usually take some time 
to emerge. Therefore, selecting multi - period data helps 
to comprehensively capture the cumulative effects of pol-
icies and technological innovations. Meanwhile, with the 
release of more data in the future, the complexity of the 
time - lag effect will be further explored.

Data validity analysis
In this study, since self - assessment data of health and 
mental health based on the subjective consciousness of 
respondents are used, a brief analysis is conducted to 
ensure the validity and reliability of the data:
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Firstly, the self - assessment indicators of health and 
mental health are widely used in existing research and are 
generally considered to have high validity. For example, 
self - assessment of health through a five - level scale 
(ranging from “very unhealthy” to “very healthy”) can 
effectively reflect an individual’s overall health status. 
Mental health, measured by the frequency of depression 
or frustration (ranging from “always feeling depressed” to 
“never feeling depressed”), can also effectively reflect an 
individual’s psychological state.

Secondly, as the earliest national, comprehensive, and 
continuous academic survey project in China, the CGSS 
data uses a stratified multi - stage random sampling 
method, which greatly ensures the representativeness and 
reliability of the data. The survey process of the CGSS is 
rigorous, and the questionnaire design is scientific, which 
can effectively reduce the bias of self - reported data.

In conclusion, the use of residents’ self - assessment 
data of health and mental health is reasonable and valid.

Description of variables
Dependent variables
The explanatory variables in this study are residents’ self 
- assessed health (SHealth) and residents’ mental health 
(MHealth). In the CGSS data, the question regarding 
residents’ self - assessed health (SHealth) is stated as fol-
lows: What do you think is your current physical health 
condition? Referring to the method of Li Zhiguang [52], 
this study assigns scores based on residents’ responses 
to this question. Residents who answer “very healthy” 
are assigned 5 points, “relatively healthy” 4 points, “aver-
age” 3 points, “unhealthy” 2 points, and “very unhealthy” 
1 point. The question about residents’ mental health 
(MHealth) is described as: In the past four weeks, how 
often have you felt depressed or down? According to 
residents’ responses to this question, those who answer 
“never feeling depressed or down” are assigned 5 points, 
“rarely feeling depressed or down” 4 points, “some-
times feeling depressed or down” 3 points, “often feel-
ing depressed or down” 2 points, and “always feeling 
depressed or down” 1 point. The higher the score, the 
higher the level of residents’ self - assessed health or 
mental health.

Independent variables
The independent variables of this study are environmen-
tal regulation (ER) and energy technology innovation 
(ETI). Among them, environmental regulation (ER) is 
measured by the completed investment in environmental 
pollution control in each province, which can reflect the 
strength of government environmental regulation. The 
completed investment in environmental pollution con-
trol refers to the financial investment of each province in 
environmental pollution control, covering aspects such 

as air pollution control, water pollution control, and soil 
pollution control. The reasons for choosing this indicator 
are as follows:

Comprehensiveness: The completed investment in 
environmental pollution control covers pollution con-
trol investments in multiple aspects such as air, water, 
and soil, which can comprehensively reflect the efforts of 
each province in environmental regulation.

Quantifiability: This indicator is quantifiable and can 
directly reflect the financial investment of each province 
in environmental regulation, facilitating cross - provin-
cial comparison and analysis.

Policy relevance: The completed investment in environ-
mental pollution control is closely related to the govern-
ment’s environmental protection policies and can reflect 
the effectiveness of policy implementation. For example, 
the Chinese government has implemented policies such 
as the “Action Plan for Air Pollution Prevention and Con-
trol” to encourage provinces to increase investment in 
environmental pollution control, thereby improving envi-
ronmental quality.

Energy technology innovation (ETI) is measured by 
the number of renewable energy authorized patents in 
each province, and the data is from the National Intel-
lectual Property Administration of China. The number of 
renewable energy authorized patents refers to the num-
ber of patents obtained by each province in the field of 
renewable energy technology, including patents for clean 
energy technologies such as solar energy, wind energy, 
and hydropower. The reasons for choosing this indicator 
are as follows:

Innovation: The number of renewable energy autho-
rized patents can directly reflect the level of activity of 
each province in energy technology innovation and is 
an important indicator for measuring energy technology 
innovation.

Clean energy orientation: This indicator focuses on 
clean energy technologies and can reflect the efforts of 
various provinces in reducing the use of fossil fuels and 
promoting clean energy.

Policy relevance: The number of renewable energy 
authorized patents is closely related to the government’s 
energy policies and can reflect the effectiveness of policy 
implementation. For example, the Chinese government 
has promoted clean energy technology innovation in 
various provinces through policies such as the Renewable 
Energy Law to reduce environmental pollution.

In the empirical test, logarithmic transformation is 
applied to environmental regulation (ER) and energy 
technology innovation (ETI) respectively.

Control variables
The factors affecting residents’ health are becom-
ing increasingly diverse. In this study, the individual 
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micro - characteristics, social factors, and some macro 
- factors of residents are incorporated into the research 
framework.

1.	 Personal Micro - characteristics
	 Gender: Gender is an important factor affecting 

residents’ health. To explore the impact of gender on 
residents’ health, this study uses gender as a control 
variable.

	 Age: Age is a key factor affecting residents’ health. As 
residents age, their health status usually declines, so 
age is used as a control variable.

	 Education level (Edu): The education level may be 
closely related to residents’ health. Residents with 
a higher education level may pay more attention to 
health.

	 Marriage status: Marital status has a significant 
impact on residents’ health.

	 Registered residence (Hr): Registered residence is an 
important factor affecting residents’ health. There 
are development differences between urban and 
rural areas, so residents with different registered 
residences may have different health levels.

	 Internet usage frequency (Internet). With the 
development of digital technology, residents can 
obtain a large amount of medical knowledge through 
the Internet. To explore whether the frequency of 
Internet use affects residents’ health, it is used as a 
control variable in this study.

2.	 Characteristics of social factors
	 Family Economic Status (FES): Family economic 

status is an important factor affecting residents’ 
health.

	 Socializing with neighbors (SWN): Social activities 
with neighbors have a significant impact on 
residents’ health. Good neighborly relationships can 
provide social support, reduce loneliness, and thus 
help improve mental health. Therefore, it is used as a 
control variable.

	 Socializing with friends (SWF): Social activities with 
friends also have a significant impact on residents’ 
health.

	 Social trust (ST) and social equity (SE): Both social 
trust and social equity may be important factors 
affecting residents’ health, so they are added as 
control variables.

3.	 Macro - factor variables
	 Urbanization rate (City): The urbanization rate 

is an important factor affecting residents’ health. 
Urbanization usually comes with better medical 
resources and infrastructure, but it may also bring 
higher living pressures and environmental risks, 
resulting in complex impacts on residents’ health.

	 Per capita GDP of residents (Pgdp): The per capita 
GDP of residents is an important factor affecting 
their health. A high per capita GDP usually means 
better economic conditions and medical resources, 
which helps to improve the health level of residents.

Urban Medical Resource Level (MRL): The level of urban 
medical resources is an important factor affecting resi-
dents’ health. A high level of medical resources usually 
means better medical services, which helps to improve 
the health level of residents.

In this study, after excluding samples with missing vari-
ables and those that refused to answer, the CGSS data for 
2017, 2018, and 2021 are organized and matched with the 
corresponding macro - data, and the macro - data is loga-
rithmically transformed. This study covers 28 provinces 
in China, with a total of 31,308 samples, among which 
14,627 are male samples, accounting for 46.72%, and 
16,681 are female samples, accounting for 53.28%, mak-
ing the study sample representative.

The descriptive statistics of the samples are shown in 
Table  1. It can be seen from the table that among the 
31,308 samples, the average value of residents’ self - 
assessed health is 3.497, which is higher than the “aver-
age health” level but still some distance away from the 
“relatively healthy” level. The average value of residents’ 
mental health is 3.862, indicating a relatively high level of 
mental health. At the same time, from the average, maxi-
mum, and minimum values of environmental regulation, 
it can be seen that there is a large gap in environmental 
pollution control investment among different provinces 
in China. The maximum value of energy regulation is 
6.654, and the minimum value is 0.123, with a difference 
of more than 50 times. From the maximum, minimum, 
average, and variance of the energy technology innova-
tion variable, it can also be seen that there is a large gap 
in the degree of emphasis on energy technology innova-
tion among different provinces. The maximum value of 
energy technology innovation is 14.978, and the mini-
mum value is 7.658, with a difference of nearly two times. 
The reasons for the above - mentioned problems may 
stem from differences in economic development levels, 
policy implementation, and industrial structures among 
provinces. Economically developed provinces usually 
have more financial resources for environmental gover-
nance, while provinces with a high proportion of industry 
face greater pollution pressure and require more invest-
ment in governance. These disparities directly affect 
residents’ health. Provinces with higher investment have 
better environmental quality and higher levels of resi-
dents’ health, while provinces with lower investment may 
face greater environmental pollution and health risks. 
Secondly, the gap in energy technology innovation data 
(such as the nearly two - fold difference between the 
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maximum and minimum number of renewable energy 
authorized patents) may be due to differences in scientific 
research investment, industrial structures, and policy 
support among provinces. Provinces with high research 
investment and developed clean energy industries (such 
as Jiangsu and Guangdong) have outstanding perfor-
mance in technological innovation, while economically 
underdeveloped provinces are relatively lagging behind. 
This gap also affects residents’ health. Provinces with 
high levels of technological innovation improve environ-
mental quality by reducing pollutant emissions, thereby 
enhancing residents’ health levels, while provinces with 
low levels of technological innovation may face greater 
environmental pressure and health risks.

Modeling
To test the research hypotheses of this study, a bench-
mark model was constructed with reference to the stud-
ies of I.M. Fei [53] and M. Sun [54]:

	 Healthi = aERi + bETIi + cERi*ETIi + α Ai + β Bi + γ Di + ϵ i� (1)

In this model, Health represents the dependent vari-
able, which reflects residents’ self - assessed health and 

mental health. It is measured using residents’ self - rated 
physical and mental health responses from the question-
naire. ER is one of the core explanatory variables, denot-
ing environmental regulation, and ETI is the second core 
explanatory variable, representing energy technology 
innovation. The term ER×ETI represents the interaction 
term between environmental regulation and energy tech-
nology innovation. A, B, and D are the control variables 
in this study. Specifically, A represents the micro - indi-
vidual characteristics of residents, B represents social 
factors, and D represents the level of urbanization, per 
capita GDP, and the level of healthcare resources in the 
province where the residents live. ε is the error term of 
the model. The coefficients a, b, c, α, β, and γ represent 
the regression coefficients of the corresponding variables. 
If a regression coefficient is positive and passes the sig-
nificance level test, it indicates that the variable can posi-
tively promote residents’ self - rated health and mental 
health. Conversely, if the regression coefficient is negative 
and passes the significance level test, it means the vari-
able can negatively inhibit residents’ self - rated health 
and mental health.

Particular attention should be paid to the regression 
coefficient of the interaction term ER×ETI. A positive 

Table 1  Descriptive statistics of variables
Variable Variable Description Mean Std. 

Dev.
Min Max.

SHealth Self-assessed health of the population (very healthy = 5, relatively healthy = 4, average = 3, relatively 
unhealthy = 2, very unhealthy = 1)

3.497 1.089 1 5

MHealth Mental health of the population (never depressed or frustrated = 5, rarely depressed or frustrated = 4, 
sometimes depressed or frustrated = 3, often depressed or frustrated = 2, always depressed or 
frustrated = 1)

3.862 1.006 1 5

ER Investment completion in environmental pollution control 1.941 1.481 0.123 6.654
ETI Number of renewable energy patents authorized by province 12.241 1.542 7.658 14.978
SEX Sex (male = 1, female = 0) 0.467 0.499 0 1
Age (a person’s) age 51.591 16.829 18 118
EDU Level of education (illiterate/semi-illiterate = 0, elementary school = 6, junior high school = 9, senior high 

school/secondary/technical/vocational = 12, college = 15, undergraduate degree = 16, postgraduate 
degree = 19)

9.036 4.82 0 19

Marriage Marital status (married or cohabiting = 1, divorced or single or widowed = 0) 0.766 0.424 0 1
Hr Household status of the population (urban = 1, rural = 0) 0.444 0.497 0 1
Internet Frequency of Internet use (never = 1, rarely = 2, sometimes = 3, often = 4, very often = 5 points) 2.966 1.704 1 5
FES Family economic status (well below average = 1 point, below average = 2, average = 3, above aver-

age = 4, well above average = 5)
2.568 0.748 1 5

SWN Socializing with neighbors (almost every day = 7, 1 or 2 times a week = 6, a few times a month = 5, about 
1 time a month = 4, a few times a year = 3, 1 time a year or less = 2, never = 1)

3.874 2.21 1 7

SWF Socializing with friends (almost every day = 7, 1 or 2 times a week = 6, a few times a month = 5, about 1 
time a month = 4, a few times a year = 3, 1 time a year or less = 2, never = 1)

3.933 1.888 1 7

ST Trust of the population in society (very trusting = 5, more trusting = 4, can’t say trusting distrusting = 3, 
more distrusting = 2, very distrusting = 1)

3.544 1.011 1 5

SE Social equity (very fair = 5, more fair = 4, not fair but not unfair = 3, more unfair = 2, very unfair = 1) 3.224 1.034 1 5
City urbanization level (of a city) 65.312 11.864 46.29 89.13
Pgdp GDP per inhabitant 4.837 0.193 4.464 5.279
MRL Measuring the level of urban medical resources by the number of health technicians per 1,000 popula-

tion in each province
7.37 1.663 5.01 13.2
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regression coefficient for ER×ETI that passes the signifi-
cance level test implies that as the level of energy tech-
nology innovation improves, the promoting effect of 
environmental regulation on residents’ health is strength-
ened, indicating a complementary effect between energy 
technology innovation and environmental regulation. 
Conversely, a negative regression coefficient for ER×ETI 
that passes the significance level test suggests that as the 
level of energy technology innovation increases, the pro-
moting effect of environmental regulation on residents’ 
health weakens, demonstrating a substitution effect 
between the two.

In the selection of the estimation method, this study 
chose to use the Ologit model for empirical analysis. 
The main reason is that both SHealth and MHealth, as 
dependent variables, are ordered categorical variables. 
The Ologit model can effectively handle the orderliness 
of dependent variables, capture nonlinear relationships, 
and provide more accurate estimation results. Compared 
with linear regression models, the Ologit model is more 
suitable for analyzing ordered categorical data, as it can 
avoid the potential impact of measurement errors in 
the dependent variable on the results. Meanwhile, com-
pared with the oprobit model, the results of the Ologit 
model are easier to interpret, especially when calculat-
ing the odds ratio, which is more intuitive. Additionally, 
the Ologit model performs more robustly in handling 
extreme values. Therefore, in the empirical research, 
the Ologit model is employed for regression testing and 
analysis.

Empirical results and analysis
Analysis of the results of the empirical tests of the 
benchmark regression
To further explore the impact of environmental regula-
tion and energy technology innovation on residents’ 
health, this study employed the Ologit model in the basic 
test. Independent variables, interaction terms, and con-
trol variables were introduced in batches, and the results 
of the benchmark regression empirical test are presented 
in Table  2. Table  2 shows the benchmark regression 
results of environmental regulation and energy technol-
ogy innovation on residents’ self - assessed health and 
mental health, respectively. The impacts of environ-
mental regulation and energy technology innovation on 
residents’ health will be discussed in the following sub - 
points based on the regression test results.

Firstly, as can be seen from Model 1 and Model 7, with-
out the involvement of other variables in the regression 
test, environmental regulation significantly promotes 
residents’ self - assessed health and mental health. The 
regression coefficients are 0.094 and 0.113, respectively, 
indicating that environmental regulation has a more pro-
nounced promotional effect on residents’ mental health 

than on self - assessed health. Further analysis shows 
that the impact of environmental regulation on residents’ 
health can be estimated by multiplying the ER regression 
coefficient by the standard deviation of ER. A one - stan-
dard - deviation change in the ER index (1.481) leads to 
an impact of 0.139 (1.481 × 0.094 = 0.139) on residents’ 
self - assessed health and 0.167 (1.481 × 0.113 = 0.167) 
on their mental health. This means that if environmental 
regulation (ER) increases by one standard deviation, the 
probability of residents’ self - assessed health and mental 
health increasing by one level is 13.9% and 16.7%, respec-
tively. For example, the self - assessed health level might 
rise from “very unhealthy” to “relatively unhealthy”.

Secondly, according to the benchmark regression 
results of Model 2 and Model 8, energy technology inno-
vation significantly promotes residents’ self - rated health 
and mental health in the absence of other variables. The 
regression coefficients are 0.070 and 0.092, respectively. 
Further analysis reveals that for every one - standard 
- deviation increase in energy technology innovation, 
the impacts on residents’ self - rated health and mental 
health are 10.8% and 14.2%, respectively. Continuing to 
analyze the benchmark regression results of Model 3 and 
Model 9, after introducing energy technology innovation, 
the regression coefficients of environmental regulation 
decrease to 0.079 and 0.086, respectively. However, both 
still pass the 1% significance level test, indicating that 
environmental regulation still has a significant impact 
on residents’ self - rated health and mental health. At the 
same time, although the regression coefficient of energy 
technology innovation also decreases, its promoting 
effect on residents’ self - rated health and mental health 
remains significant, with regression coefficients of 0.023 
and 0.041, respectively.

Thirdly, the interaction term between environmen-
tal regulation and energy technology innovation was 
analyzed. From the regression test results of Model 4 
- Model 6 and Model 10 - Model 12, it can be observed 
that the regression coefficients of the interaction term 
are negative and pass the significance level test. How-
ever, the regression coefficients of environmental regula-
tion and energy technology innovation are still positive 
and pass the 1% significance level test. This indicates 
that the positive effects of environmental regulation and 
energy technology innovation on population health are 
somewhat resilient. This result implies that the interac-
tion term has an inhibitory effect on residents’ health and 
also proves that energy technology innovation negatively 
moderates the positive effect of environmental regulation 
on residents’ health. The reason for the negative regres-
sion coefficient of the interaction term can be explained 
by the theory of diminishing returns. In the initial stage 
of strengthening environmental regulations and energy 
technology innovation, significant environmental 
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improvements and health benefits may occur. However, 
with further intensification of regulations and deepen-
ing of technological innovation, marginal benefits may 
decline. Additionally, technology spillover effects may 
lead to a weakening of the effectiveness of environ-
mental regulations. As companies can reduce pollution 
emissions more efficiently through technological innova-
tion, the marginal effect of environmental regulations is 
reduced. From this perspective, it can be concluded that 
there is a substitution effect between environmental reg-
ulation and energy technology innovation regarding resi-
dents’ health.

Finally, the control variables in the baseline regression 
test results were analyzed.

Regarding the micro - variables of the population, gen-
der affects the physical and mental health of the popula-
tion [55]. The regression results indicate that the health 
level of men is higher than that of women. A possible 
reason is that modern women not only bear the pres-
sure of work but may also be responsible for caring for 
children and parents. The combined pressure from mul-
tiple aspects may lead to a lower health level among 
female residents compared to men. From the regression 
coefficient of age, it is clear that age has a more signifi-
cant inhibitory effect on residents’ physical health. This 
is understandable because as residents age, their physi-
cal fitness generally declines, thus affecting their physi-
cal health. Hou’s study also found a similar inhibitory 
effect of age on residents’ health [56]. Then, consider-
ing the number of years of education of residents [57], 
an increase in education years significantly contributes 
to residents’ self - assessed health and mental health. A 
possible explanation is that higher education can lead 
to higher income and also raise awareness of the impor-
tance of health investment, thereby improving residents’ 
health. From the regression coefficients of marital sta-
tus, it can be seen that being married or cohabiting can 
promote residents’ physical and mental health. This is 
reasonable because residents with partners can receive 
better care when they are ill and experience less loneli-
ness due to companionship, which in turn improves their 
physical and mental well - being. Analyzing the effect 
of household registration on health, the results clearly 
show that household registration has a greater impact 
on mental health. Perhaps compared to rural areas, cit-
ies and towns have better infrastructure and more rec-
reational facilities, which provide urban residents with 
more opportunities to relieve psychological stress, mak-
ing them more psychologically healthy.

From the social factor variables, it can be seen that FES 
has a positive effect on both the self - assessed health and 
mental health of the population. This may be because as 
the population’s disposable funds increase, they are better 
able to afford healthcare services, hire private dietitians, 

and engage in exercise, thus contributing to the improve-
ment of their health level. Similar findings were reported 
by Eric [58]. The positive regression coefficient of the 
Internet use frequency suggests that Internet use pro-
motes the health of the population [59]. A possible rea-
son is that residents can improve their self - assessed 
health and mental health by obtaining specialized health-
care knowledge through the Internet and reducing stress 
and loneliness through various online recreational activi-
ties [60]. The positive regression coefficients of SWF, ST, 
and SE indicate that social support can improve resi-
dents’ health [61].

From the regression coefficient analysis of macro fac-
tors, the level of urbanization has a suppressive effect 
on residents’ self-rated health, possibly due to the fact 
that urbanization is usually accompanied by an accelera-
tion in work pace and an increase in living costs, which 
puts greater economic and work pressure on residents 
[62]. During the process of urbanization, the increase 
in industrial activities and traffic flow has led to air pol-
lution and noise pollution [63], further increasing the 
health risks for residents. This has affected self-rated 
health. The level of urbanization has a promoting effect 
on residents’ mental health, possibly due to the abun-
dant entertainment facilities and leisure activities in cit-
ies providing residents with more opportunities for stress 
relief and relaxation [64]. At the same time, community 
services and diverse social networks in cities provide 
residents with more social support, reducing feelings 
of loneliness and psychological pressure.Wang’s study 
found that urbanization will increase the number of vis-
its to the doctor by residents [65]. Analyzing the effect 
of GDP per capita on health, the coefficients were ana-
lyzed and found that GDP per capita has a significant 
effect on self-assessed health, which is understandable, 
as an increase in income allows for the purchase of more 
healthcare services, which in turn promotes health [59]. 
Finally, the regression coefficient of the level of medical 
resources shows that the impact of medical resource level 
on residents’ mental health is not significant, but it has a 
suppressive effect on residents’ self-rated health. The pos-
sible reason is that the increase in medical resources may 
attract a large number of non local residents to seek med-
ical treatment, leading to greater competition for medi-
cal resources among local residents and thus affecting 
the quality of medical service [66]. At the same time, the 
increase in medical resources may be accompanied by an 
increase in work pressure for doctors and rising medical 
costs, leading to greater economic pressure for residents. 
Moreover, the increase in medical resources may ben-
efit more high-income groups or urban residents, while 
low-income groups or rural residents may not have equal 
access to these resources, leading to increased health 
inequality. Based on the above possible reasons, medical 
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resources can have a suppressive effect on residents’ self-
rated health.

In summary, there are numerous factors influenc-
ing the self - assessed health and mental health of the 
population. Both environmental regulation and energy 
technology innovation in this study can improve the self 
- assessed health and mental health of the population, 
verifying the correctness of H1a, H1b, H2a, H2b, and H3, 
respectively.

Robustness tests
To reinforce the reliability of the benchmark regression 
findings, this study conducted additional robustness 
tests. Drawing on the approach of Dongyang Li [67], 
two distinct methods were utilized for assessment: index 
deletion and the replacement of econometric models.

The first method involved reducing the indicators. Spe-
cifically, the self - assessment scales for health and mental 
health were simplified from a five - level to a four - level 
scale. In the case of self - assessed health, “very healthy” 
and “relatively healthy” were consolidated into a single 
category labeled “relatively healthy”. For mental health, 
the ratings of “never depressed or frustrated” and “rarely 
depressed or frustrated” were combined into “rarely 
depressed or frustrated”. This adjustment was imple-
mented to examine whether the research results were 
sensitive to the variable measurement methods.

The second method entailed replacing the econometric 
model. Here, the Oprobit model was employed in place 
of the Ologit model. This substitution aimed to test the 
sensitivity of the results to the distribution assumptions 
of the model. Both of these methods were designed to 
mitigate the potential influence of extreme values and 
distribution - related assumptions inherent in the base-
line model, thereby strengthening the robustness of the 
research conclusions.

The regression results obtained from the indicator - 
censoring method are presented in Table 3. Similarly, the 
outcomes of the empirical test using the Oprobit model 
are also shown in Table 3. As can be observed from the 
regression results in Table  3, regardless of whether the 
deletion - index method or the Oprobit model was used 
for the empirical analysis, environmental regulations and 

energy technology innovation exhibited a significant pos-
itive impact on residents’ self - rated health and mental 
health (p < 0.01). Specifically, under the reduced - index 
method, the regression coefficient for environmental 
regulation was 0.222, and under the Oprobit model, it 
was 0.220. For energy technology innovation, the regres-
sion coefficients were 0.033 and 0.025, respectively, under 
the two methods. Additionally, the pseudo R² values of 
the model were 0.103 and 0.085 for the reduced - index 
method and the Oprobit model, respectively. These val-
ues indicated that the model had a good goodness - of - 
fit. These statistical indicators further corroborated the 
robustness and significance of the research conclusions. 
This implies that the research results were not unduly 
affected by the variable measurement methods or the 
model distribution assumptions, demonstrating a high 
degree of robustness. Moreover, the results from the 
reduction of indicators and the Oprobit model further 
validated the reliability of the baseline model, suggest-
ing that the research conclusions were less sensitive to 
potential model limitations.

Heterogeneity test
The results of both the baseline regression and the 
robustness tests indicate that, for the overall sample, 
environmental regulation and energy technology innova-
tion can positively enhance the health of the population. 
However, the survey sample encompasses a diverse range 
of individual characteristics. It remains to be determined 
whether the impacts of environmental regulation and 
energy technology innovation vary for residents with dif-
ferent individual characteristics. Thus, further tests are 
necessary. In this heterogeneity test, age - based, gender 
- based, and urban - rural heterogeneity tests will be con-
ducted to explore the differential health effects of envi-
ronmental regulation and energy technology innovation 
on residents with distinct characteristics.

This study undertakes heterogeneity analysis from 
the perspectives of age, gender, and urban - rural areas 
for the following reasons. Firstly, residents of different 
age groups have varying health needs and concerns. An 
age - heterogeneity analysis can reveal the differences in 
how environmental regulations and energy technology 

Table 3  Robustness test
variant Robustness test for indicator censoring Robustness Tests for Oprobit Models

SHealth MHealth SHealth MHealth
ER 0.222**

(2.25)
0.481***
(4.71)

0.220***
(4.32)

0.441***
(8.54)

ETI 0.033**
(2.14)

0.101***
(6.43)

0.025***
(3.21)

0.047***
(5.91)

control variable containment containment containment containment
N 31,308 31,308 31,308 31,308
Pseudo R2 0.103 0.052 0.085 0.039
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innovation affect the health of residents across differ-
ent age brackets. Secondly, there are significant dispari-
ties in social roles and health - related behaviors between 
males and females. A gender - heterogeneity analysis can 
uncover the differences in the impacts of policies and 
technological innovations on the health of residents of 
different genders. Finally, urban and rural residents face 
different environmental issues and have varying degrees 
of access to resources. A heterogeneity analysis between 
urban and rural areas can shed light on the differences in 
the effects of environmental regulation and energy tech-
nology innovation on the health of residents in differ-
ent regions. By conducting heterogeneity analysis from 
these three perspectives, this study can comprehensively 
consider multiple aspects of residents’ socio - economic 
characteristics, living environments, and personal behav-
iors, providing a more targeted basis for policy - making.

Tests for age heterogeneity
To investigate the impact of environmental regulation 
and energy technology innovation on residents of differ-
ent age groups, in this section, the sample of residents is 
divided into adolescent samples (45 years old and below), 
middle - aged samples (46–60 years old), and elderly 
samples (61 years old and above). The results of the age - 
heterogeneity test are presented in Table 4.

From the regression results in Table 4, it is evident that 
environmental regulations can promote the self - rated 
health and psychological well - being of adolescents, mid-
dle - aged, and elderly residents. Among them, the regres-
sion coefficient of self - rated health for elderly residents 
is the highest, with a value of 0.419, passing the 1% sig-
nificance level test. Next are middle - aged residents, with 
a regression coefficient of 0.395, passing the 5% signifi-
cance level test. For teenagers, the regression coefficient 
is 0.323, also passing the 5% significance level test. This 
indicates that the positive effect of environmental regu-
lation on the self - assessed health of elderly residents is 
particularly significant. This finding can be explained by 
the life - cycle theory and the health - behavior theory. 
According to the life - cycle theory, elderly residents are 
more vulnerable to environmental pollution due to their 
decreased physical function. Therefore, environmental 

regulations have a more pronounced impact on their 
health. Additionally, the health - behavior theory sug-
gests that adolescents are less sensitive to environmental 
changes due to their stage of development. Thus, envi-
ronmental regulations have a relatively weaker impact 
on their health. A possible reason for this is that as age 
increases, the likelihood of acute and chronic diseases 
induced by environmental pollution also rises. Conse-
quently, as the intensity of environmental regulation 
increases, its effect on the self - assessed health of elderly 
residents becomes more prominent.

When it comes to the effect of environmental regula-
tion on residents’ mental health, as can be gleaned from 
the regression coefficients, environmental regulation has 
the most significant effect on the mental health of ado-
lescents, followed by middle - aged residents, and then 
elderly residents. A possible explanation is that as the 
level of environmental pollution decreases, it provides 
more opportunities for teenagers to engage in outdoor 
activities and travel. This reduces their psychological 
stress and thus improves their mental health. In contrast, 
middle - aged residents have relatively fewer opportuni-
ties for outings or travel due to work commitments and 
physical conditions.

Next, let’s analyze the impact of energy technology 
innovation on residents’ self - assessed health and men-
tal health. From the regression results in Table 4, it can 
be seen that energy technology innovation has a signifi-
cant effect on the mental health of young residents, as 
well as on the self - assessed health and mental health 
of middle - aged and elderly residents. This is because 
energy technology innovation reduces the level of urban 
pollution, lowering the likelihood of residents falling ill 
due to environmental pollution. The improved environ-
mental quality also increases the likelihood of residents 
going out for activities and traveling. However, energy 
technology innovation has no significant impact on the 
self - rated health of adolescents. This may be because 
adolescents are in the prime of their physical fitness, 
with an overall good health condition and low sensitivity 
to environmental changes. Therefore, the environmen-
tal improvement brought about by energy technology 
innovation has a relatively minor impact on their health. 

Table 4  Age heterogeneity test
variant adolescents middle-aged Elderly residents

SHealth MHealth SHealth MHealth SHealth MHealth
ER 0.323**

(2.29)
0.874***
(6.25)

0.395**
(2.45)

0.858***
(5.27)

0.419***
(2.59)

0.817***
(4.96)

ETI 0.029
(1.33)

0.072***
(3.30)

0.057**
(2.26)

0.107***
(4.28)

0.052**
(2.05)

0.101***
(3.94)

control variable containment containment containment containment containment containment
N 11,313 11,313 9515 9515 10,480 10,480
Pseudo R2 0.038 0.022 0.045 0.047 0.039 0.054
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The above analysis shows that there are age - related 
differences in the impact of environmental regulation 
and energy technology innovation on the health of the 
population.

This discovery has important policy implications. 
For elderly residents, the government should prioritize 
strengthening air and noise pollution control to reduce 
their risk of chronic diseases. Additionally, the govern-
ment can enhance their health level by providing more 
outdoor activity spaces, such as increasing urban green 
spaces and improving community environments. For 
teenagers, the government should increase outdoor 
activity areas and green infrastructure to promote their 
mental health and physical development.

Tests for gender heterogeneity
The resident samples were grouped according to gender, 
and the regression results are presented in Table 5. From 
the regression results in Table 5, it can be observed that 
environmental regulations have a more significant pro-
moting effect on men’s self - rated health, with a regres-
sion coefficient of 0.411, passing the 1% significance level 
test. The promotion effect of environmental regulations 
on women’s mental health is more pronounced, with a 
regression coefficient of 0.824, also passing the 1% signifi-
cance level test. This finding can be explained by gender 
- role theory and differences in occupational exposure.

Environmental regulations have a significant impact on 
men’s self - rated health, possibly because men are more 
likely to be engaged in high - polluting industries. The 
implementation of environmental regulations directly 
reduces their occupational exposure risks, thereby sig-
nificantly improving their self - rated health. Moreover, 
men usually shoulder more economic responsibilities in 
their social roles. Environmental regulations can indi-
rectly alleviate their economic pressure by improving 
environmental quality, further enhancing their self - 
rated health. In contrast, environmental regulations have 
a better effect on women’s mental health. This is mainly 
because women assume more caregiving responsibilities 
within the family. Environmental regulations reduce the 
health risks of family members by improving environ-
mental quality, thereby alleviating women’s psychological 

pressure. Additionally, women are generally more sen-
sitive to environmental issues. The implementation of 
environmental regulations, such as increasing green 
spaces and reducing noise, directly improves their living 
environment, thus enhancing their mental health.

Analyzing the impact of energy technology innovation 
on residents’ health, it can be seen from the regression 
results that energy technology innovation has a more 
significant promoting effect on men’s self - rated health, 
with a regression coefficient of 0.049, passing the 5% sig-
nificance level test. The promotion effect of energy tech-
nology innovation on women’s mental health is more 
significant, with a regression coefficient of 0.113, passing 
the 1% significance level test. A possible reason is that 
due to the different division of labor in society, energy 
technology innovation reduces environmental pollu-
tion, lowering the occupational exposure risks for men at 
work and significantly improving their self - rated health. 
Moreover, energy technology innovation often brings an 
increase in high - skilled positions, and men are more 
likely to benefit from these positions, obtaining higher 
economic income and thus improving their self - rated 
health. In contrast, energy technology innovation has a 
better effect on women’s mental health. Mainly because 
women take on more caregiving responsibilities in the 
family. Energy technology innovation reduces the health 
risks of family members by improving environmental 
quality, thereby alleviating women’s psychological pres-
sure. Also, women are more sensitive to environmental 
issues. The implementation of energy technology innova-
tion, such as reducing pollution and increasing the use of 
clean energy, directly improves their living environment, 
thus enhancing their mental health.

This discovery has important policy implications. For 
men, the government should strengthen occupational 
health protection and environmental supervision, espe-
cially in high - polluting industries such as manufactur-
ing and construction. This can promote the adoption 
of clean - production technologies, reduce pollutant 
emissions, and improve the working environment. For 
women, the government should strengthen community 
environmental governance and mental - health support. 
For example, by increasing community green spaces and 

Table 5  Gender heterogeneity test
variant Male population Female population

SHealth MHealth SHealth MHealth
ER 0.411***

(3.16)
0.763***
(5.82)

0.260**
(2.15)

0.824***
(6.83)

ETI 0.049**
(2.44)

0.049**
(2.45)

0.032*
(1.69)

0.113***
(6.02)

control variable containment containment containment containment
N 14,627 14,627 16,681 16,681
Pseudo R2 0.079 0.035 0.088 0.039
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reducing noise pollution, the government can improve 
women’s mental - health level.

Tests for urban-rural heterogeneity
In this section, the sample of residents is divided into 
urban and rural samples based on their household reg-
istration, and the regression results are shown in Table 6. 
From the regression results in Table 6, it can be seen that 
environmental regulation has a promoting effect on the 
mental health of urban residents, as well as on the physi-
cal and mental health of rural residents. Energy technol-
ogy innovation can also promote the psychological health 
of urban residents, the physical health of rural residents, 
and their mental health. Moreover, by comparing the 
regression coefficients, it is evident that environmen-
tal regulation and energy technology innovation have 
a stronger impact on the physical and mental health of 
rural residents.

This finding can be explained by the environmental 
- justice theory and the resource - accessibility theory. 
According to the environmental - justice theory, rural 
areas typically face higher environmental - pollution 
risks, such as soil and water pollution. Therefore, envi-
ronmental regulations have a more significant impact on 
the health of rural residents. The resource - accessibility 
theory suggests that urban residents usually have greater 
access to medical resources and environmental - gover-
nance resources. As a result, the impact of environmental 
regulations on the health of urban residents may be rela-
tively weaker. Thus, with the improvement of the level of 
environmental regulation in rural areas and the level of 
energy - technology innovation, the environmental qual-
ity in rural areas will be enhanced, and the health of rural 
residents can be more significantly affected.

Meanwhile, from Table  6, it can be noted that the 
regression coefficient of environmental regulation on 
the self - rated health of urban residents is negative, indi-
cating that environmental regulation may have a poten-
tial negative impact on the self - rated health of urban 
residents. The possible reasons are as follows. Firstly, 
the implementation of environmental regulation may 
increase the economic costs of enterprises and residents 
in the short term. This can lead to higher living costs and 

employment pressure for urban residents, which in turn 
affects their self - rated health. At the same time, urban 
residents have high expectations for health and quality of 
life. Environmental regulations may not fully meet their 
expectations in the short term, resulting in a decrease 
in self - rated health scores. From the above analysis, it 
can be seen that there are urban - rural differences in the 
impact of environmental regulation and energy technol-
ogy innovation on residents’ health.

This discovery has important policy implications. For 
rural areas, the government should increase investment 
in water and soil pollution control to ensure that rural 
residents have access to clean drinking water and safe 
food. Additionally, the government can encourage rural 
areas to adopt clean - energy technologies and reduce 
industrial pollution through financial subsidies and 
policy support. For urban areas, the government should 
strengthen the control of air and noise pollution. By 
increasing urban green spaces and improving community 
environments, the government can improve the mental - 
health level of urban residents.

Conclusion and discussion
Conclusion
Environmental pollution is an inescapable consequence 
of economic development, and the health problems it 
causes for the population are becoming increasingly 
prominent. Whether environmental regulation and 
energy technology innovation, as the primary means of 
environmental pollution management, can promote resi-
dents’ self - assessed health and mental health is the focus 
of this study. In this research, CGSS data were combined 
with data from the China Statistical Yearbook and pat-
ent data, and the Ologit model was utilized to conduct 
benchmark regression tests. The study’s findings are as 
follows:

Firstly, strengthening the intensity of environmen-
tal regulation is conducive to promoting residents’ 
self - assessed health and mental health. For each one - 
standard - deviation increase in the strength of environ-
mental regulation (ER), the probabilities of residents’ self 
- assessed health and mental health rising by one level 
are 13.9% and 16.7%, respectively. It is worth noting that 

Table 6  Tests for urban-rural heterogeneity
variant municipalities countryside

SHealth MHealth SHealth MHealth
ER −0.051 (−0.38) 0.620***

(4.55)
0.425***
(3.46)

0.884***
(7.21)

ETI 0.008
(0.40)

0.052***
(2.47)

0.058***
(3.05)

0.093***
(4.94)

control variable containment containment containment containment
N 13,913 13,913 17,395 17,395
Pseudo R2 0.076 0.027 0.089 0.041
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there is significant heterogeneity in the impact of envi-
ronmental regulation on residents’ health. Environmental 
regulations have the most pronounced effect on the self - 
assessed health of elderly residents and the mental health 
of adolescents. They have a stronger impact on the self - 
assessed health of men compared to women and a greater 
impact on the mental health of women than on men. 
Moreover, they have a more significant impact on the 
self - assessed health and mental health of rural residents 
than on those of urban residents. This finding holds great 
significance in the field of public health. It indicates that 
by strengthening environmental regulation, the negative 
impacts of air pollution, water pollution, and noise pol-
lution on residents’ health can be effectively mitigated, 
thereby reducing the incidence of chronic diseases such 
as respiratory and cardiovascular diseases. Additionally, 
improving environmental quality can enhance residents’ 
mental health and alleviate psychological stress and anxi-
ety caused by environmental pollution.

Secondly, enhancing the level of energy technol-
ogy innovation is beneficial for promoting residents’ 
self - assessed health and mental health. For every one - 
standard - deviation increase in energy technology inno-
vation, the impacts on residents’ self - assessed health 
and mental health are 10.8% and 14.2%, respectively. 
There are also differences in the health - promoting 
effects of energy technology innovation among resi-
dents with different characteristics. The impact of energy 
technology innovation on the self - assessed health and 
mental health of middle - aged residents is the most sig-
nificant, followed by elderly residents, while its impact 
on the self - assessed health of adolescents is not signifi-
cant. It has a stronger impact on the self - assessed health 
of male residents than on female residents and is more 
effective in promoting the mental health of females than 
males. Moreover, it has a more substantial impact on the 
self - assessed health and mental health of rural residents 
than on urban residents. This discovery offers important 
insights for policymakers. By promoting energy tech-
nology innovation, governments can not only reduce 
environmental pollution but also create high - skilled 
employment opportunities, increase residents’ economic 
income, and enhance their ability to invest in health. Spe-
cifically, the government should encourage enterprises 
to engage in green technology innovation through tax 
incentives, subsidies, and technological support, espe-
cially in high - polluting industries such as manufacturing 
and construction. This can promote clean - production 
technologies, reduce pollutant emissions, and improve 
the working environment.

Thirdly, this study conducted robustness tests based on 
the benchmark regression, using two methods: indica-
tor deletion and the Oprobit model. The results showed 
that the positive effects of environmental regulation and 

energy technology innovation remained consistent across 
different methods, further enhancing the credibility of 
the research conclusions.

Finally, energy technology innovation negatively mod-
erates the promotion effect of environmental regulation 
on residents’ health, indicating the existence of a sub-
stitution effect between environmental regulation and 
energy technology innovation. By comparing the regres-
sion coefficients of the interaction terms, it can be seen 
that the interaction term of environmental regulation 
and energy technology innovation has a more significant 
weakening effect on residents’ mental health.

Discussion
This study verifies the effects of environmental regula-
tion and energy technology innovation on residents’ 
self-assessed health and mental health through empirical 
tests, and the results show that environmental regulation 
and energy technology innovation can positively improve 
residents’ self-assessed health and mental health. This 
section provides a point-by-point discussion.

Environmental regulation can promote residents’ self-
assessed health and mental health for the following pos-
sible reasons: First, environmental pollution consists of a 
variety of components, and with the government’s intro-
duction of various environmental control policies [23], 
increasing the greening rate of the city [24], applying 
various advanced technologies for the “harmless” treat-
ment of pollutants [47], and increasing the proportion of 
investment in environmental management to GDP [25], 
the joint promotion of these methods has contributed 
to the improvement of environmental quality, avoiding 
acute and chronic diseases caused by environmental pol-
lution, and improving the health of Chinese residents. 
This finding is consistent with the Porter Hypothesis, 
which suggests that strict environmental regulations can 
incentivize companies to engage in technological inno-
vation, thereby improving production efficiency and 
environmental performance. In addition, the theory of 
innovation diffusion further explains how environmen-
tal regulations and technological innovation can pro-
mote the improvement of environmental quality and the 
enhancement of residents’ health through policy syn-
ergy. Secondly, with the improvement of environmental 
quality, residents can appropriately reduce the defensive 
expenditures necessary because of environmental pol-
lution [39], and the increase of disposable funds is con-
ducive to the reduction of psychological pressure on the 
residents, thus promoting mental health. Meanwhile, for 
the residents themselves, atmospheric pollution reduces 
the frequency of outdoor activities of the population and 
not going out for a long period of time may increase the 
residents’ psychological pressure [38]. The improvement 
of environmental quality not only increases the frequency 
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of residents’ outing activities, but also helps to increase 
the frequency of residents’ traveling, thus promoting 
the growth of tourism economy. Finally, soil pollution 
[27] and water pollution [28] in environmental pollution 
will lead to the accumulation of toxic substances in food 
crops and aquatic products. Improving the quality of the 
environment through environmental regulation avoids 
the negative impacts of the residents’ consumption of 
food with excessive toxic substances, which indirectly 
improves the residents’ physiological health and psycho-
logical health.

In the regression results of energy technology innova-
tion on residents’ health, it can be seen that energy tech-
nology can positively improve residents’ self-rated health 
and mental health. Possible reasons are as follows: Firstly, 
energy technology innovation reduces the emissions of 
air and water pollutants and improves environmental 
quality [45] by promoting clean energy [43] and improv-
ing energy utilization efficiency [44], thereby reducing 
the incidence of respiratory and cardiovascular diseases 
and contributing to the improvement of residents’ physi-
cal and mental health. Secondly, energy technology 
innovation has created high skilled employment oppor-
tunities [49], increased residents’ economic income, and 
enhanced their ability to invest in health [68]. And the 
increase in income helps residents purchase better medi-
cal services, improve their quality of life, etc. Through 
these means, it also helps to improve residents’ physical 
and mental health. Finally, energy technology innova-
tion has technology spillover effects [69], which promote 
the improvement of environmental quality through-
out society. The improvement of environmental quality 
helps to reduce the impact of environmental pollutants 
on residents’ health. Through the above methods, the 
improvement of residents’ health level has been directly 
or indirectly promoted.

Recommendations and limitations
Recommendations
Based on the empirical results of this study, environmen-
tal regulations and energy technology innovation have 
a significant promoting effect on residents’ health, and 
this effect varies among different age, gender, and urban 
- rural groups. Therefore, the following policy recom-
mendations are proposed to further enhance the positive 
impacts of environmental regulations and energy tech-
nology innovation on residents’ health:

Firstly, strengthen environmental regulations and 
optimize policy implementation. The empirical results 
indicate that environmental regulations have the most 
significant impact on promoting the self - rated health of 
elderly residents. Thus, the government should prioritize 
strengthening environmental regulations in areas with 
a large elderly population. Specifically, efforts should be 

focused on reducing air pollution and noise pollution 
to lower the risk of chronic diseases among the elderly. 
Empirical research also shows that environmental regu-
lations have a more pronounced effect on promoting the 
health of rural residents. As such, the government should 
increase investment in rural environmental governance, 
particularly in the treatment of water and soil pollution, 
to ensure that rural residents have access to clean drink-
ing water and safe food. Additionally, the government can 
encourage rural areas to adopt clean energy technologies 
and reduce industrial pollution through financial subsi-
dies and policy support.

Secondly, promote energy technology innovation and 
encourage green production. The heterogeneity test 
results suggest that energy technology innovation has 
a more significant effect on promoting the self - rated 
health of male residents, which may be related to their 
higher involvement in high - polluting industries. The 
government should encourage enterprises to engage in 
green technology innovation through tax incentives, sub-
sidies, and technological support, especially in industries 
like manufacturing and construction. This can promote 
the adoption of clean - production technologies, reduce 
pollutant emissions, and improve the working environ-
ment. Moreover, considering that energy technology 
innovation has a more significant promoting effect on the 
health of rural residents, the government should promote 
inter - regional technological cooperation. In particular, 
it should encourage the promotion of clean energy tech-
nologies such as solar and wind energy in rural areas, 
reducing their reliance on traditional fossil fuels and 
improving the rural environmental quality.

Thirdly, enhance residents’ participation and improve 
the effectiveness of environmental governance. Research 
has found that environmental regulations have a sig-
nificant promoting effect on residents’ mental health, 
especially among female residents. Therefore, local gov-
ernments can encourage residents, especially those in 
urban areas, to participate in environmental supervision 
by establishing a resident - environmental - supervision 
mechanism. This can raise residents’ awareness and par-
ticipation in environmental issues. For example, residents 
can report environmental pollution problems in real 
- time through mobile applications or community plat-
forms, enhancing the transparency and public participa-
tion in environmental governance.

Finally, this study has identified a substitution effect 
between environmental regulation and energy tech-
nology innovation, meaning that as energy technology 
innovation improves, the effectiveness of environmental 
regulation may weaken. To address this issue, the gov-
ernment should take the following measures in policy 
design: First, establish a policy - coordination mecha-
nism to ensure that while promoting energy technology 
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innovation, the intensity of environmental regulation 
is maintained or even appropriately increased. This 
can prevent a reduction in environmental - governance 
investment due to technological innovation. Second, 
introduce a dynamic - adjustment mechanism to flexibly 
adjust the intensity of environmental regulations based 
on the progress of energy technology innovation and 
changes in environmental quality. This ensures the con-
tinuous improvement of environmental quality. Third, 
through fiscal incentives such as tax breaks and subsi-
dies, encourage companies to simultaneously engage in 
environmental governance and technological innovation. 
This maximizes the synergistic effect of environmental 
regulation and energy technology innovation, promoting 
the comprehensive improvement of residents’ health.

Limitations
This study provides a more comprehensive analytical 
perspective by integrating micro and macro data, reveal-
ing the positive impact of environmental regulations 
and energy technology innovation on residents’ health. 
This finding not only supports the core viewpoint of the 
environmental - exposure - and - health theory but also 
offers a scientific basis for policymakers. It indicates that 
strengthening environmental regulations and promoting 
energy technology innovation can effectively improve 
residents’ health, promote social equity, and foster inclu-
sive development. Additionally, the heterogeneity analy-
sis results of this study can serve as a reference for other 
countries in formulating more targeted environmental 
policies, especially in balancing economic growth and 
environmental protection. However, this study has cer-
tain limitations.

Firstly, in the empirical testing process, this study used 
the indicator of residents’ self - rated health. However, 
residents’ self - rated health may be highly subjective and 
may not fully reflect their actual health status. Therefore, 
in future research, it is desirable to obtain more objective 
indicators reflecting residents’ health levels, although this 
may be constrained by funding. This will enable a more in 
- depth exploration of the impact of environmental regu-
lations and energy technology innovation on residents’ 
health.

Secondly, although this study empirically verified the 
positive impact of environmental regulations and energy 
technology innovation on residents’ health, there are still 
some data limitations that may affect the research results. 
For example, CGSS data may not cover certain remote 
areas or specific populations, which limits the generaliz-
ability of the research findings. Moreover, the data in the 
China Statistical Yearbook and the China National Intel-
lectual Property Administration may be subject to late 
reporting or omission, affecting the accuracy of environ-
mental - regulation and energy - technology - innovation 

data. Future research can expand the sample coverage 
and adopt more up - to - date data sources to further vali-
date the conclusions of this study.

Global significance of China’s experience
The main reasons for choosing China as the research 
object in this study are as follows: Firstly, as the world’s 
largest developing country, China has achieved rapid 
industrialization in a relatively short period. However, 
it also faces severe environmental pollution problems. 
Despite this, China has managed to strike a balance 
between economic development and environmen-
tal governance, achieving remarkable results in both 
aspects. For example, China’s environmental policies 
have provided valuable practical experience for global 
environmental governance. Secondly, as the largest 
developing country, China’s environmental governance 
and the application and promotion of renewable - energy 
technologies offer valuable technological paths for other 
countries to learn from. In contrast, developed countries 
such as the United States and EU countries have started 
earlier in environmental governance and energy technol-
ogy innovation, but their policy effects and technological 
paths may not be fully applicable to developing countries. 
Therefore, studying China’s experience not only helps to 
understand the potential of developing countries in envi-
ronmental governance and health improvement but also 
provides new ideas for formulating global environmental 
policies.

Analyzing China’s experience has important implica-
tions for global environmental governance and health 
policies. Firstly, China’s experience demonstrates that 
strong environmental regulations and energy technol-
ogy innovation can effectively improve residents’ health, 
especially in reducing air and water pollution. This con-
clusion is of great reference significance for other devel-
oping countries facing similar environmental problems, 
such as India and Indonesia. Secondly, China’s successful 
experience in energy technology innovation, such as the 
promotion and application of renewable - energy tech-
nologies, provides a feasible technological path for the 
global transition to green energy. Finally, the heterogene-
ity analysis of this study (such as age, gender, and urban 
- rural differences) can be used as a reference for other 
countries to develop more targeted environmental poli-
cies, especially in balancing economic growth and envi-
ronmental protection.
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