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Impact of China’s digital economy 
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air pollution-based perspective
Jing Wu 1 and Qing Li 1,2*
1 School of Economics and Management, Xinjiang University, Wulumuqi, China, 2 Center for Innovation 
Management Research of Xinjiang, Wulumuqi, China

China has shown good momentum on the road of digital economy development, 
however, it is also rapidly entering an aging society. Exploring the health effects of 
the digital economy is of positive significance for realizing healthy aging in China. 
This paper focuses on the relationship between the digital economy and the 
health of middle-aged and older people using microdata from the China Health 
and Retirement Longitudinal Study (CHARLS) 2011–2018 and macrodata from 
Chinese cities. The study found that the digital economy showed a significant 
inverted U-shaped relationship on the health of middle-aged and older people. 
The results of subgroup regressions indicated heterogeneity in this effect across 
gender, education level, urban/rural and region. Individual health in female, highly 
educated, and urban groups is more closely related to the digital economy. 
Middle-aged and old groups in the western region are better able to enjoy the 
dividends of the digital economy, while middle-aged and old groups in the eastern 
region are more negatively affected by the digital economy. In the lead-up to 
the development of the digital economy, individual health can be promoted by 
narrowing the urban–rural income gap and increasing basic medical resources, 
while in the later stage of the development of the digital economy, it manifests 
itself in inhibiting the level of individual health by widening the urban–rural 
income gap and lowering the level of basic medical resources. In addition, air 
pollution exhibits a positive moderating effect between the digital economy and 
individual health, suggesting that air pollution reinforces the impact of the digital 
economy on health. Expansive analyses indicate that the digital economy has a 
negative impact on physiological health.
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1 Introduction

The rise and advancement of the digital economy, a new type of economy, is a result of the 
fusion between modern information technology and the development of the world economy 
and the way of human production and life. The digital economy, led by the Internet, big data 
and other digital technologies, is developing rapidly and is changing production and 
consumption patterns globally (1). At the beginning of the development of the Internet in the 
last century, Don Tapscott of the United States used the term digital economy in 1996, and he is 
considered to be one of the first to propose the concept of the “digital economy” (2). He regards 
the digital economy as an economic system that is developed by ICT. The term digital economy 
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took shape in 1998 when the United  States Department of the 
Treasury issued the report The Emerging Digital Economy. The 
dynamic development of the digital economy has resulted in no 
uniformity in its meaning. Since its introduction, the digital economy 
has been constantly enriched and perfected in terms of its content and 
scope. A representative viewpoint acknowledges that the digital 
economy can be regarded as an economic activity that encompasses 
digital information as a crucial element, employs the Internet as a 
medium, driven by information and communications technology, 
with the potential to optimize economic structure and promote 
economic development (3).

China provides a good example in the rapid development of the 
digital economy. Figure 1 illustrate the development of China’s digital 
economy. The Digital China Development Report (2022) released by 
China’s National Internet Information Office (NIIO) shows that 
China’s digital economy will reach RMB 50.2 trillion in 2022, raising 
its share of gross domestic product (GDP) to 41.5%, making the total 
volume firmly ranked second in the world. From 2016 to 2022, China’s 
digital economy will grow at $4.1 trillion, a compound annual growth 
rate of 14.2 percent. The rise of the digital economy has sparked the 
emergence of relevant research, but more studies have not directly 
proved the relationship between the digital economy and health. 
Relevant is the relationship between economic growth and health, and 
there are both positive and negative findings on the impact of the 
economy on health (4–6). There are also the health effects of 
information technology, the Internet, and so on. Although many 
scholars have focused on the impact of the Internet on health, the 
concept of the digital economy has a significantly broader meaning 
than it. As mentioned earlier, the Internet is an emerging technology, 

while the digital economy is an economic system that uses the Internet 
as a vehicle. Therefore the digital economy and the Internet are 
fundamentally different. In this context, the health effects and 
influence mechanism of the digital economy as a new driver of 
economic growth are the focus of this paper.

The health risks associated with environmental degradation are 
unquestionable, as the environment is an important factor affecting 
health. The probability of exposure to pollution exacerbates the health 
risks posed by the environment (7). Air pollution is one of the greatest 
environmental threats to human health. Air pollution and health have 
always been a topic of great concern, and a large number of studies 
have verified the relationship between the two (8–11). The health risks 
posed by air pollution can be equated to those of an unhealthy diet 
and smoking, among others (12). However, research on environmental 
health in the environmental sciences lacks consideration of economic 
and social factors, which leads to a lack of relevance and effectiveness 
in the formulation of environmental health policies. Economics, on 
the other hand, has the advantage of translating endogenous 
mechanisms into realistic policy implications. From existing research, 
it is evident that most scholars incorporate environmental factors 
when discussing the relationship between the economy and health 
(13). In addition, there have been many studies focusing on the 
relationship between the digital economy as an economic activity and 
pollution (14, 15). Unfortunately, few scholars have analyzed the 
impact of the digital economy on health. As a result, there is a clear 
lack of research results on the digital economy with respect to health 
and the environment. Therefore, we  include air pollution in our 
discussion of the health impacts of the digital economy. The 
perspective of the study is further extended to the dynamic 

FIGURE 1

Scale of China’s digital economy and its share of GDP.
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relationship between environment-health-economy in three 
dimensions. In exploring aspects of health levels in middle-aged and 
older adults, we seek to provide new theoretical underpinnings from 
the perspectives of the digital economy and air pollution.

Given the flourishing of China’s digital economy, how does it 
affect health and what are the mechanisms of action? Indeed, the 
relationship between the two may exhibit heterogeneity due to 
variations in individual characteristics and regional factors.? What 
role does air pollution play in the relationship between the digital 
economy and health? In order to answer the above questions, this 
paper uses microdata from the China Health and Retirement 
Longitudinal Study (CHARLS) 2011–2018 and macrodata from 
Chinese cities, combined with econometric modeling to provide 
answers. Our research consists of three main contributions. First, from 
the perspective of literature, many studies have examined the 
economic and social effects and environmental effects of the digital 
economy, but few studies have focused on the health effects of the 
digital economy, and this paper expands and supplements the existing 
studies. Second, in terms of content and methodology, the text 
combines microdata at the household level and macrodata at the city 
level in China to study the relationship between the digital economy 
and health and the mechanism of its influence, and pays attention to 
the moderating effect under air pollution, realizing an effective 
interface between theory and the facts that characterize China’s new 
stage of development. Finally, from a policy perspective, the text 
provides a reference for accelerating the development of the digital 
economy, coping with the fact that the population is rapidly aging, and 
promoting the strategy of a healthy China, and provides research 
support for the decision-making authorities to introduce policies in a 
targeted manner. The follow-up of this paper is organized as follows: 
section 2 presents the theoretical and mechanistic analysis and 
presents the research hypotheses of the article. Section 3 presents the 
model construction, sample selection and variable selection of the 
article. Section 4 presents the analysis of empirical results, including 
benchmark results, endogeneity discussion, robustness test, 
heterogeneity analysis, mechanism analysis and moderating effect 
analysis. Section 5 summarizes the findings and provides 
relevant recommendations.

2 Theory and hypothesis

2.1 Effects of the digital economy on health

Socioemotional Selectivity Theory (SST) suggests that middle-
aged and older people need close social relationships more than 
younger adults. Individuals narrow their social networks as they enter 
the middle and older stages of life to the point where they have more 
time to maintain intimate relationships. As individuals grow older, 
they tend to selectively limit their social interactions, focusing on 
maximizing positive emotional experiences while minimizing 
emotional risks. The result of this behavioral change is an improved 
quality of life in old age (16), quality of life is simultaneously an 
important indicator of individual health (17). From the SST point of 
view, it can be seen that middle-aged and older groups will narrow 
their social networks, but the digital economy can improve social 
networking connections. Therefore, the digital economy helps to 
maintain social relationships and breaking the spatial limitations of 

social networks, which can strengthen the social interactions of the 
older, contribute to the re-socialization of the middle-aged and older 
groups, and conducive to maintain a positive mindset. Some studies 
have proved that the development of information technology can 
enable middle-aged and older people to enhance their social 
interaction and strengthen their ties with the society, which is 
conducive to maintaining a positive state of mind (18). In addition, 
Selective Optimization with Compensation Model (SOC) is an 
important theory for analyzing the application of technology to the 
health of older adults (19). “Selection” refers to prioritizing relevant 
activities, choosing the important and discarding the unimportant; 
“optimization” refers to focusing resources and trying to achieve the 
desired goals; and “compensation” refers to finding alternatives, 
assistive technologies and social support (20). The digital economy 
facilitates the optimization process of middle-aged and older people, 
thereby compensating for the negative effects of aging and improving 
health. The development of the digital economy has increased the 
breadth and depth of information dissemination and facilitated access 
to health advice, which can enhance the health-related knowledge of 
middle-aged and older people and facilitate self-prevention and 
diagnosis. Digital economy and technological advances complement 
each other, technological solutionism has penetrated the medical and 
public health fields (21), and “digital health” is the most intuitive 
embodiment. Digital Health is themed by internet-centric apps and 
media to improve healthcare programs, commerce, and connectivity 
(22). Digital technology has been deeply embedded in telemedicine, 
genomics, and AI consultation. The COVID-19 global pandemic 
presents a good opportunity for a range of technology-driven 
healthcare solutions. Many countries have emphasized the 
development of digital health technologies, which have contributed to 
the advancement of overall health (21). This includes GPS data, health 
databases, facial recognition technology, connected surveillance 
systems and smartphones for disease monitoring (23). However, when 
the digital economy grows to a certain point, older persons may 
be marginalized and become “digital refugees.” Digital refugees are 
people who have fled the digital world and are unable to assimilate 
into local cultures (24). The application and value realization of the 
digital economy requires individuals to have certain learning ability, 
knowledge reserve and economic base. Therefore, there are 
technological pressures between the digital economy and individual 
health. Differences in the educational and economic levels of the 
middle-aged and older groups have, to a certain extent, led to a 
divergence in the health effects of the digital economy. The high level 
of development of the digital economy is likely to create a digital 
divide, which will cause some middle-aged and older people to 
become “digital refugees.” The exclusion of this group from the digital 
economy and their inability to enjoy the dividends of the digital 
economy will have negative psychological and physical effects, thus 
increasing the negative impact on health. In addition, over-reliance on 
and use of digital technologies can similarly increase health risks for 
individuals (25). For example, while the digital economy provides 
social convenience, it crowds out the exercise time of middle-aged and 
older people and changes healthy lifestyles, leading to a decline in 
health status. Based on the above reasons, this paper proposes the 
following research hypotheses:

H1: The digital economy’s impact on health shows an inverted 
U-shaped relationship. Specifically, the pre-digital economy 
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development positively affects health and the post-digital 
economy development negatively affects health.

2.2 Mechanisms of the digital economy’s 
impact on health

Income distribution effects. Schumpeter’s creative destruction 
theory believes that technological innovation is the process of 
destroying old structures and creating new ones. Relying on 
innovative technologies such as information technology, big data and 
cloud computing, the development of the digital economy will 
inevitably bring about changes in the organizational structure of 
production and the structure of the workforce, which is in line with 
the characteristics of the creative destruction theory of Schumpeter. 
Of these, changes in labor force structure are more strongly associated 
with individual health. Discussions on technological change and 
labor force structure have focused on substitution and creation effects 
(26). The substitution effect is mainly reflected in the fact that the 
development of technology eliminates some traditional labor jobs, 
especially those with weak mechanical and emotional interactions 
(27). Frey and Osborne utilized a Gaussian process classifier to 
estimate the likelihood of computerization for 702 specific 
occupations. Their findings revealed that approximately 47% of these 
occupations are projected to be automated by computers in the future 
(28). The creation effect is mainly manifested in the fact that 
technological development creates new jobs and expands the demand 
for employment. In the research context of this article, the impact of 
the digital economy on health through income can be analyzed from 
two perspectives, the substitution effect and the creation effect. Since 
the initiation of the reform and opening-up policy, the binary 
economic structure between rural and urban areas has long been a 
persistent challenge for China’s economic development. The issue of 
urban–rural division has resulted in a noticeable income gap between 
urban and rural areas. The digital economy can create more jobs by 
affecting market size, knowledge spillovers and factor combinations. 
It can also enrich employment resources through accelerated 
information dissemination, expanded channels, and other means. 
This can effectively stimulate rural residents’ willingness to start their 
own businesses and take up employment, which in turn raises 
incomes in rural areas, thus narrowing the income gap between 
urban and rural residents. At the same time, policies to support the 
development of the digital economy, such as “smart cities,” 
“broadband China” and other policy pilots, have increased the 
process of urbanization and attracted the income level of rural 
migrant workers who have moved to cities, which has improved the 
urban–rural income distribution gap to a certain extent. China’s 
current economic structure is still labor-intensive, but the digital 
economy has driven changes in production technology and 
accelerated the development of skill-intensive industries. In terms of 
the substitution effect, given that the education level of rural residents 
is generally lower than that of their urban counterparts, they have a 
limited stock of knowledge about smart technological products and 
services in the era of the digital economy, which makes it difficult for 
them to master and apply them. As a result, it is difficult for surplus 
rural labor to meet the urban demand for new types of talent in the 
digital economy. The drive for the digital economy is focused on 

knowledge-intensive and technology-intensive productive services 
and high-end services. However, rural–urban migrant workers face 
the problem of the digital divide, making it difficult for them to gain 
more opportunities in the new round of tertiary employment 
expansion, which brings about the so-called “reverse urbanization” 
problem. Thus, initial digital economic development can contribute 
to the urbanization process and increase the level of entrepreneurship 
among rural residents, thereby increasing their incomes and 
narrowing the income gap between urban and rural residents. 
However, with the further development of the digital economy, the 
effect of the urban–rural digital divide has become more obvious, the 
phenomenon of “reverse urbanization” has appeared, and the digital 
economic support for entrepreneurship of rural residents has 
gradually decreased, which has widened the income gap between 
urban and rural residents. Based on this, this paper puts forward the 
following hypotheses:

H2: The digital economy can affect individual health through 
urban–rural income distribution. Specifically, the pre-digital 
economy can narrow the income gap positively affecting health, 
and the post-digital economy can widen the income gap negatively 
affecting health.

Resource allocation effect. The digital economy, leveraging the 
advantages of internet communication and sharing, can effectively 
coordinate the supply and demand conflicts of healthcare facilities and 
improve resource allocation (1, 29, 30). Currently, the development of 
information technology has brought us into a new era of medical 
treatment, and we are constantly exploring the laws of human disease 
(31). The application of information technology, information related 
to diseases can be collected and analyzed (32). This can promote the 
advancement of medicine. and support the improvement of human 
health (33). The digital economy can help to upgrade the healthcare 
system and advance toward personalized and precision medicine. The 
digital economy is a new model that connects the virtual economy 
with the traditional economy, and one of its advantages is optimizing 
resource allocation. Through the transmission function of big data, 
medical services can break the limitation of diagnosis and treatment 
in time and area, and improve the coverage of medical services (34). 
Additionally, it can reduce the cost of medical services, enhance the 
spillover effect of high-quality medical resources, expedite the flow of 
medical resources to underdeveloped areas, and improve primary 
healthcare efficiency (35). This can improve the unequal distribution 
of healthcare resources and the health status of the middle-aged and 
older groups. Nevertheless, it is challenging to rapidly enhance the 
health literacy of middle-aged and older individuals through the 
digital economy. Spending money to cure diseases is still the way of 
health management for most middle-aged and older people in China, 
and insufficient attention is paid to disease prevention and disease 
monitoring. As middle-aged and older people are slow to accept new 
medical services and are more willing to trust physical medical 
institutions, they do not have a good understanding of digital 
healthcare. The dividend generated by the digital economy makes 
Internet companies turn to “Internet + healthcare,” and the pursuit of 
economic effects will increase the cost of healthcare, which is not 
conducive to the middle-aged and older groups to see the doctor and 
damage individual health. Based on this, this paper proposes the 
following hypotheses:
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H3: The digital economy can impact individual health through 
healthcare resource allocation. Specifically, the pre-digital 
economy development positively affects the level of medical care 
to improve health, and the post-digital economy development 
negatively affects the level of medical care to the detriment 
of health.

2.3 Moderating effects of air pollution

The environment is an important factor affecting individual 
health. Along with the increasing environmental pollution, the 
impact of air pollution on individual health has received widespread 
attention. When discussing economic behavior and individual 
health, many scholars have considered environmental factors. 
Therefore, when discussing the relationship between the digital 
economy, a new economic form, and health, how air pollution affects 
the relationship between the two deserves further attention and 
consideration. This paper argues that more severe air pollution can 
reinforce the inverted U-shaped relationship between the digital 
economy and the health of middle-aged and older people. Most 
studies have proved that the worse the health level of people in areas 
with severe air pollution. In this case, the rapid development of the 
digital economy will improve the level of medical services and the 
efficiency of resource allocation, which can change people’s health 
level. In addition, the digital economy can also bring about 
environmental improvements and reduce the level of air pollution, 
which is also beneficial to health. Our hypothesis also assumes that 
when the digital economy reaches a certain stage of development, it 
will have a negative impact on health. Further, in the later stages of 
the development of the digital economy, air pollution is 
superimposed with the negative impacts of the digital economy, 
which will inevitably make the health condition worse. Based on 
this, this paper proposes the following hypotheses:

H4: Air pollution reinforces the inverted U-shaped effects of the 
digital economy on the health of middle-aged and older adults.

3 Model and data

3.1 Basic regression model

In order to test the nonlinear impact of the digital economy on 
health, we first set up a baseline OLS model for empirical analysis. 
Something worth noting is that we include a quadratic term for the 
digital economy to verify this nonlinear relationship. The inclusion 
of a squared term to capture the nonlinear relationship of the 
variables is a common practice in econometrics, and has been 
argued in the field of health economics based on this design (36, 
37). Based on the previous theoretical model and research 
hypotheses, we  constructed the benchmark OLS econometric 
model as follows:

 

health digital digital X
Y

it ct ct it
ct i t c

= + + +
+ + + + +
α β γ δ
λ µ θ π
1 1 1

2
1

1 εεit

where i, t, and c are categorized to denote individual, year, and 
time. The explanatory variable healthit is the health level of respondent 
i in year t. The core explanatory variable digitalct denotes the level of 
digital economy development in city c in year t, and its quadratic term 
is denoted digitalct2 . β1 and γ1 are the coefficients that are the focus of 
this paper. Xit denotes an individual-level control variable. Yct denotes 
a city-level control variable. ∝i , θt, and ≠c  denote individual fixed 
effects, time fixed effects, and city fixed effects, respectively. εit  is the 
random error term. In addition, given that the model uses panel data, 
in order to improve better resolution of heteroskedasticity, we use 
robust standard errors clustered to the individual level in 
all regressions.

3.2 Variant

Explained Variables. For the measurement of individual health, 
this paper uses Self-Assessed Health (SAH). Based on the CHARLS 
questionnaire “How do you feel about your health?,” the answers 
were assigned a scale of 1–5 (very bad = 1, bad = 2, fair = 3, good = 4, 
very good = 5). Although self-assessment of health is somewhat 
subjective, a large number of studies have shown that this indicator 
is effective in reflecting an individual’s state of health and can also 
provide a useful reference in predicting mortality and disease 
incidence (38). In addition, environmental factors are recognized 
as one of the most important factors affecting health. The self-
assessment of health, in its characterization of health status, fits to 
a large extent with the need to analyze the relationship between the 
environment and health.

Core explanatory variables. Drawing on relevant Chinese 
scholars, the level of digital economy development is measured 
mainly in terms of the Internet and digital finance (39). The level of 
Internet development in cities includes four main aspects: Internet 
penetration, related employees, outputs and cell phone penetration 
rates (40). These four aspects are expressed in terms of the number 
of Internet broadband access subscribers per 100 people, the 
proportion of employees in the computer services and software 
industry to those in urban units, the total amount of 
telecommunication services per capita, and the number of cell 
phone subscribers per 100 people, respectively. Digital finance is 
represented by The Peking University Digital Financial Inclusion 
Index of China (PKU_DFIIC). The index is mainly compiled by the 
Digital Finance Research Center of Peking University and is widely 
recognized for measuring the level of digital finance development 
in China.

Control variables. Considering that individual health level is also 
affected by other factors, in order to minimize model bias, this paper 
includes control variables at the individual level and city level, 
respectively. At the individual level, age, gender (male = 1, female = 0), 
education level (below elementary school = 1, middle school = 2, high 
school and above = 3), and marital status (with spouse = 1, without 
spouse = 0) are controlled. At the city level, it controls for the level of 
economic development (GDP), population size (the number of 
registered persons in the city), and the level of urbanization (mainly 
using the number of permanent residents in towns/(the number of 
permanent residents in towns + the number of permanent residents 
in villages), and partly using the number of non-farmers/total 
population at the end of the year).

https://doi.org/10.3389/fpubh.2023.1281405
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Wu and Li 10.3389/fpubh.2023.1281405

Frontiers in Public Health 06 frontiersin.org

3.3 Data

The data used in this paper include both the individual micro level 
and the macroeconomic level. At the micro-individual level, we utilize the 
China Health and Retirement Longitudinal Study (CHARLS).CHARLS 
began in 2011, and the publicly available data have been tracked for three 
rounds, in 2013, 2015, and 2018, with the sample covering 25 provinces 
(municipalities and autonomous regions) in China. The interviews for the 
CHARLS response rate and data quality are among the top in similar 
projects in the world, and the data have been widely used and recognized 
in the academic community. In this paper, we organize the data from 
these four issues made public by CHARLS, and get a total of 54,955 
observations after excluding the samples with missing variables and 
outliers. At the macroeconomic level, we  use the community codes 
provided by CHARLS to get the information of the city where they are 
located, and then match them with the individual codes to get the final 
sample covering 123 cities. The data for cities are obtained from the China 
Urban Statistical Yearbook, EPS database, etc. The descriptive statistics of 
the variables are shown in Table 1.

4 Results of the study

4.1 Baseline results

Prior to regression, we  tested the data for multicollinearity. 
Table 2 demonstrates the results of the multicollinearity, where it 
can be found that the VIF of all variables and their means are less 

than 10, indicating that there is no multicollinearity between 
the variables.

The results of the impact of the digital economy on health are 
shown in Table 3. Columns (1, 2) are random effects models and 
column (3) is a fixed effects model. Column (1) does not include 
control variables and only roughly analyzes the impact of digital 
economy on health. The results show that the coefficient of digital is 
0.3189 and significant at 1% level. The coefficient of digital_sq is 
−1.0578 and significant at 1% level. Column (2) further adds 
individual characteristics and city control variables, and the results 
remain similar, with coefficients of 0.5849 and − 1.1257 for digital and 
digital_sq, respectively, which both pass the 1% significance test. 
Column (3) uses a fixed effects model, specifically, the coefficient of 
the digital economy is significantly positive at the 1% level, and the 
coefficient of the quadratic term of the digital economy is significantly 
negative at the 1% level, suggesting that the digital economy exhibits 
an inverted U-shape nonlinear effect on health. H1 is confirmed. Our 
results provide new evidence on the health welfare effects of the digital 
economy. Middle-aged and older adults can positively benefit in the 
predevelopmental period of the digital economy. The level of 
development of the digital economy at this time does not have a digital 
divide, which can facilitate access to health advice, favor the health 
literacy of the older, and also support the development of digital 
healthcare. In contrast, in the later stages of the development of the 
digital economy, the health of middle-aged and older people is 
negatively affected. In terms of development, this is when the digital 
economy creates a digital divide and disadvantaged groups continue 
to lag behind, therefore bringing about inequalities in health literacy 
(41, 42).

TABLE 1 Descriptive statistics.

Variable Obs Mean SD. Min Max

health 54,955 2.947 0.966 1 5

digital 54,955 0.117 0.085 0 0.826

Gender 54,955 0.475 0.499 0 1

edu 54,955 1.373 0.568 1 3

marital 54,955 0.812 0.39 0 1

Age 54,955 59.657 10.06 45 100

lnGDP 54,955 7.556 0.909 5.185 10.395

Population 54,955 599.534 450.769 120.1 3,404

Urbanization 54,955 0.528 0.145 0.226 1

TABLE 2 Multicollinearity test.

Variable VIF 1/VIF

Urbanization 2.23 0.4481

digital 2.23 0.4490

lnGDP 1.45 0.6901

Population 1.41 0.7084

Education 1.23 0.8145

Age 1.18 0.8500

Gender 1.13 0.8861

Marital 1.11 0.8988

Mean VIF 1.50

TABLE 3 Benchmark regression results.

(1) Health (2) Health (3) Health

Digital 0.3189*** 

(0.1202)

0.5849*** 

(0.1534)

1.2002*** 

(0.3935)

digital_sq −1.0578*** 

(0.2326)

−1.1257*** 

(0.2442)

−3.1765*** 

(0.8478)

Gender −0.1362*** 

(0.0085)

−0.1407*** 

(0.0109)

Education −0.0320*** 

(0.0023)

−0.0280*** 

(0.0030)

Marital 0.0015 (0.0022) −0.0008 (0.0028)

Age 0.0118*** 

(0.0004)

0.0126*** 

(0.0006)

lnGDP −0.1570*** 

(0.0053)

−0.1477*** 

(0.0072)

Population 0.0002*** 

(0.0000)

0.0002*** 

(0.0000)

Urbanization −0.1964*** 

(0.0446)

0.2492* (0.1346)

_cons 2.9322*** 

(0.0107)

3.5305*** 

(0.0464)

3.1459*** 

(0.0999)

N 54,955 54,955 52,061

r2_a 0.0006 0.0500 0.0506

Standard errors in parentheses. *p < 0.1, **p < 0.05, ***p < 0.01.
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4.2 Endogenous discussions

For the influences on an individual’s health, especially some 
unobservables, it is difficult to include them all in the model 
discussion. Therefore other key omitted variables may pose 
endogeneity problems. In order to mitigate the endogeneity problem 
as much as possible, this paper adopts the instrumental variable (IV) 
approach. For this purpose, we use the spherical distance between the 
household’s location and Hangzhou, China as an instrumental variable 
(43). In addition, a time-varying variable is introduced to construct 
the panel instrumental variable (44). Here we  choose distance 
multiplied by the number of Internet broadband accesses to construct 
the instrumental variable (39). Hangzhou is China is a representative 
city of the development of the digital economy, the closer it is to 
Hangzhou, the more likely it is to be subject to spatial spillover effects, 
and thus have similar location advantages. The former is entirely 
exogenous geographic information that can measure the basis for the 
development of the digital economy. Digital infrastructure is an 
important condition for the development of the digital economy. The 
latter, as time-series data, can reflect the development trend of the 
digital economy side by side. Table 4 shows the test results of the 
two-stage regression method. Among them, the first stage regression 
results in column (1) with the digital economy as the explanatory 
variable and the introduction of the instrumental variable as the 
explanatory variable, the instrumental variable is significantly positive 
at the 1% level, indicating that there is a significant association 
between the instrumental variable and the digital economy. This is in 
line with our expectation that the closer the city to HCM City and the 
better the digital infrastructure, the better the development of the 
digital economy. The fitted values of digital economy are obtained and 
substituted into the second stage regression, and the regression results 
are shown in column (2). The results show that the digital economy 
still exhibits a significant inverted U-shaped nonlinear effect on 
individual health, which further strengthens the persuasiveness of the 
empirical results. In addition, the non-identification of instrumental 

variables The LM test rejected the original hypothesis, indicating that 
the endogenous variable of the test, digital economy, is identifiable 
relative to the instrumental variable; the weak instrumental variable 
identification Wald F-test is greater than the critical value at the given 
level of significance, suggesting that the instrumental variable does not 
have a weak instrumental variable problem in explaining the digital 
economy. This validates the reliability of the instrumental 
variable approach.

4.3 Robustness check

In order to make the research results more stable, this paper 
adopts a variety of methods to carry out the robustness test in the 
following ways: (1) Censoring the unbalanced panel data into 
balanced panel data. CHARLS conducts tracking surveys in which 
many subjects do not appear in the follow-up surveys, while at the 
same time many new respondents are included. Thus CHARLS 
provides an unbalanced panel data set. For the robustness tests, 
we retained subjects in the sample that had observations in all years, 
resulting in a balanced panel of 14,468 observations. The regression 
results for the balanced panel data show that the coefficient on the 
digital economy is significantly positive at the 5% level and the 
coefficient on the digital economy quadratic term is significantly 
negative at the 1% level. Therefore, H1 remains valid. (2) Replacement 
of regression model. Since the explanatory variable individual health 
in this paper belongs to typical discrete variables, the ORDERED logit 
model can be chosen to verify the impact of the digital economy on 
health. The regression results based on ologit show that the difference 
in the measurement model does not change the baseline regression 
results, which indicates that the relationship between the digital 
economy and health analyzed in this paper is robust. (3) Adding new 
control variables. Based on the benchmark model, this paper adds new 
control variables at the individual level and city level to examine the 
robustness of the regression results. Specifically, this paper adds 
household consumption level (ctot) at the individual level and wage 
level (wage) at the city level. After adding the control variables 
separately, the coefficients of the digital economy are all significantly 
positive at the 1% level, and the coefficients of the quadratic terms of 
the digital economy are all significantly negative at the 1% level. The 
results are consistent with the above, further providing conviction to 
the results (Table 5).

4.4 Further analysis from an air pollution 
perspective

As mentioned earlier, the negative health effects of air pollution 
are well known. Next, this paper further analyzes the health effects of 
the digital economy from an air pollution perspective. For the 
measurement of air pollution, we use the concentration level of urban 
pollutant PM2.5 as a proxy. The PM2.5 pollution data in this paper 
comes from a rasterized dataset of global historical annual average 
PM2.5 published by the Center for International Earth Science 
Information Network (CIESIN) at Columbia University. It should 
be noted that, because of the inverted U-shaped relationship between 
the digital economy and individual health, this paper is divided into 
constructing the interaction term between the digital economy and its 

TABLE 4 Results of endogeneity discussion.

(1) Digital (2) Health

IV 2.21e-12*** (0.0000)

Digital 8.4903*** (4.56)

digital_sq −17.1903*** (−4.74)

Gender −0.0000 (0.0002) −0.1405*** (−12.79)

Education −0.0000 (0.000) −0.0278*** (−9.29)

Marital −0.0000 (0.0000) −0.0005 (−0.19)

Age −0.0000 (0.0000) 0.0128*** (22.79)

lnGDP −0.0006*** (0.0001) −0.1416*** (−19.20)

Population −7.20e-07*** (0.0000) 0.0002*** (16.52)

Urbanization 0.0022 (0.0018) 0.2415* (1.78)

KP rk LM statistic 308.99

Cragg-Donald Wald F 

statistic

2203.93

N 52,061 52,061

r2_a 0.7828 0.0365

Standard errors in parentheses. *p < 0.1, **p < 0.05, ***p < 0.01.
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secondary term with health, and by testing the relationship between 
the interaction term and health, as a way to explore the moderating 
effect of air pollution on the inverted U-shaped relationship between 

the digital economy and health. The regression results are shown in 
Table 6.

In column (1) we verify the effect of air pollution on health. The 
regression coefficient for air pollution is −0.0012 and passes the 
significance test at 1% level. This indicates that air pollution presents 
a significant negative effect on individual health, which is consistent 
with existing studies. Column (2) incorporates the interaction term 
between air pollution and digital economy, which verifies the 
moderating effect of air pollution on digital economy and health. 
Specifically, the coefficient of the interaction term between digital 
economy and air pollution is 0.0223 and significant at the 5% level. 
This indicates that the interaction between digital economy and air 
pollution has a significant positive effect on health, i.e., air pollution 
positively reinforces the relationship between digital economy and 
health. The coefficient of the interaction term between the quadratic 
term of digital economy and air pollution is −0.038 and significant at 
5% level. This indicates that after a certain level of development of 
digital economy, air pollution positively moderates the relationship 
between digital economy and health, i.e., it strengthens the negative 
relationship between digital economy and health.

4.5 Mechanism analysis

Based on the theoretical mechanism analysis and benchmark 
regression results above, we  find that the digital economy has a 
significant inverted U-shaped nonlinear effect on individual health, 
which is a new finding different from the existing studies. We believe 
that the mechanism leading to this inverted U-shaped nonlinear effect 
may be caused by income distribution and health care resources. In 
the early stage of the development of the digital economy, the digital 
economy improves individual health by narrowing the income gap 
between urban and rural areas and increasing the level of healthcare. 
However, as the digital economy develops, the digital divide widens, 
which leads to a negative impact on individual health by widening the 
urban–rural income gap and unfavorable allocation of healthcare.

Column (1) shows income inequality as a mechanism. Three 
indicators in the existing literature to measure the urban–rural income 
gap are the ratio of disposable income per capita in urban areas to 
disposable income per capita in rural areas, the Gini coefficient and 
the Thiel index. The ratio of disposable income per capita in urban and 
rural areas is a static indicator that does not take into account the 
differences in population shares between urban and rural areas, and 
therefore does not reflect the mobility of the population between 
urban and rural areas. The Gini coefficient is mainly used to measure 
the overall income gap and is more sensitive to income changes in the 
middle class, while the urban–rural income gap mainly exists at the 
two ends of the spectrum, so the Gini coefficient cannot fully reflect 
the urban–rural income gap. In contrast, the Tyrell index is more 
sensitive to the income changes of high-income and low-income 
classes, so this paper chooses the Tyrell index to measure the urban–
rural income gap in China. The Thiel index is a positive indicator, the 
larger the value, the larger the urban–rural income gap. Its calculation 
formula is:
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TABLE 5 Robustness test results.

(1) 
Health

(2) 
Health

(3) 
Health

(4) 
Health

Digital 2.0043** 

(0.7837)

2.2580*** 

(0.7648)

1.7028*** 

(0.4938)

1.1714*** 

(2.97)

digital_sq −4.6981*** 

(1.6833)

−5.6282*** 

(1.5976)

−3.8922*** 

(1.0599)

−3.1432*** 

(−3.70)

Gender −0.1368*** 

(0.0191)

−0.2829*** 

(0.0228)

−0.1471*** 

(0.0135)

−0.1421*** 

(−12.84)

Education −0.0325*** 

(0.0052)

−0.0585*** 

(0.0061)

−0.0274*** 

(0.0037)

−0.0276*** 

(−9.09)

Marital −0.0005 

(0.0049)

−0.0010 

(0.0059)

−0.0005 

(0.0037)

−0.0009 

(−0.31)

Age 0.0107*** 

(0.0010)

0.0255*** 

(0.0012)

0.0129*** 

(0.0007)

0.0129*** 

(22.95)

lnGDP −0.1119*** 

(0.0128)

−0.2949*** 

(0.0150)

−0.1567*** 

(0.0092)

−0.1416*** 

(−16.72)

Population 0.0002*** 

(0.0000)

0.0004*** 

(0.0000)

0.0002*** 

(0.0000)

0.0002*** 

(15.49)

Urbanization −0.1071 

(0.2398)

0.5721** 

(0.2825)

0.0190 

(0.1714)

0.2526* 

(1.86)

ctot −0.0000 

(0.0000)

wage −0.0000* 

(−1.69)

_cons 3.1428*** 

(0.1758)

3.2618*** 

(0.1270)

3.1149*** 

(0.1018)

Standard errors in parentheses. *p < 0.1, **p < 0.05, ***p < 0.01.

TABLE 6 Results of moderating effects analysis.

(1) Health (2) Health

Pollution −0.0012*** (0.0003) −0.0011*** (0.0003)

Digital 1.2744*** (0.4110)

digital_sq −3.3133*** (0.9179)

dig_po 0.0223** (0.0102)

digsq_po −0.0380** (0.0187)

Gender −0.1400*** (0.0109) −0.1401*** (0.0109)

Education −0.0283*** (0.0030) −0.0282*** (0.0030)

Marital −0.0008 (0.0028) −0.0007 (0.0028)

Age 0.0125*** (0.0006) 0.0125*** (0.0006)

lnGDP −0.1449*** (0.0072) −0.1448*** (0.0073)

Population 0.0002*** (0.0000) 0.0002*** (0.0000)

Urbanization 0.2687** (0.1338) 0.2783** (0.1354)

_cons 3.2510*** (0.0930) 3.1568*** (0.1018)

N 52,061 52,061

r2_a 0.0506 0.0510

Standard errors in parentheses. *p < 0.1, **p < 0.05, ***p < 0.01.
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where i = 1 and i = 2 denote urban and rural areas, respectively, t 
denotes year, y denotes disposable income, and x denotes 
population size.

From the results, the coefficient of digital economy is −0.1039 and 
significantly positive at 1% level. This indicates that the development 
of digital economy can curb urban–rural income inequality, and when 
income distribution inequality is alleviated, it thus has a positive 
impact on health. The coefficient of the quadratic term of digital 
economy is 0.2617 and is significantly positive at 1% level. This 
suggests that the later stages of the development of the digital economy 
can widen income inequality to the extent that it has a negative impact 
on health. This suggests that urban–rural income disparity is the 
pathway through which the digital economy affects health.

Column (2) shows the mechanism of medical resources. 
Restricted to the limited data on healthcare resources for prefecture-
level cities in the China Urban Statistical Yearbook, we use data on the 
number of doctors and the number of beds to characterize basic 

healthcare resources. Specifically, the two indicators, the number of 
beds in healthcare institutions and the number of doctors in healthcare 
institutions, are dimensionless, and the average variance contribution 
rate is used as the weight to calculate the composite value of the level 
of supply of basic healthcare resources in each region, in order to 
reflect the level of basic healthcare resources in each region.

From the results, the coefficient of digital economy is 0.5080 and 
is significantly positive at 1% level. This indicates that the development 
of digital economy improves the healthcare resources and when the 
healthcare resources are improved, thus it has a positive impact on 
health. The coefficient of the quadratic term of digital economy is 
−0.2527 and is significantly positive at 1% level. This indicates that the 
later stages of the digital economy development will have a negative 
impact on healthcare resources, which in turn will have a negative 
impact on health. This suggests that healthcare resources are the path 
of action of the digital economy affecting health (Table 7).

4.6 Heterogeneity analysis

In order to investigate whether there are differences in the impact 
of the digital economy on the health of individuals, this paper 
discusses four aspects of gender, education level, place of residence, 
and geographic location of the city, and the specific heterogeneity is 
analyzed as follows:

Columns (1) and (2) of Table 8 show the gender differences in the 
impact of the digital economy on health. For females, the coefficient 
of digital economy is 2.9428 and significant at 1% level and the 
coefficient of digital economy quadratic term is −6.3216 and 
significant at 1% level. For males, the coefficient of digital economy is 
1.1342, and the coefficient of quadratic term of digital economy is 
−2.4354 and significant at 1% level. This indicates that the relationship 
between digital economy and health is stronger in the female group. 
Columns of table (3–5) show the differences in the impact of digital 
economy on health across different levels of education. For people 
with low education level, the effect of digital economy on health is not 

TABLE 7 Results of mechanism of action analysis.

(1) Equality (2) Medical

Digital −0.1039*** (0.0059) 0.5080*** (0.0485)

digital_sq 0.2617*** (0.0160) −0.2527*** (0.0821)

Gender −0.0001 (0.0001) −0.0052*** (0.0019)

Education 0.0002*** (0.0000) 0.0026*** (0.0005)

Marital 0.0000 (0.0000) −0.0003 (0.0004)

Age −0.0000** (0.0000) 0.0000 (0.0001)

lnGDP 0.0007*** (0.0001) 0.0060*** (0.0011)

Population −0.0000*** (0.0000) 0.0000 (0.0000)

Urbanization 0.0011 (0.0022) 0.0922*** (0.0250)

_cons 0.1008*** (0.0013) 9.0862*** (0.0138)

N 52,061 52,061

r2_a 0.9626 0.9714

Standard errors in parentheses. *p < 0.1, **p < 0.05, ***p < 0.01.

TABLE 8 Heterogeneity analysis based on gender and education level.

Sex Education level

Female Male Low Middle High

(1) (2) (3) (4) (5)

Digital 2.9428*** (0.6714) 1.1342 (0.7400) 0.6423 (0.5427) −0.9487 (1.4326) −25.9688** (12.1538)

digital_sq −6.3216*** (1.5297) −2.4354*** (1.5503) −2.2809* (1.1918) 1.2241 (3.1113) 50.8785* (26.7211)

Gender −0.1245*** (0.0151) −0.1869*** (0.0316) −0.1576 (0.2556)

Education −0.0242*** (0.0050) −0.0332*** (0.0058)

Marital −0.0037 (0.0044) 0.0050 (0.0059) −0.0010 (0.0036) 0.0045 (0.0113) −0.0920 (0.0796)

Age 0.0115*** (0.0010) 0.0149*** (0.0010) 0.0132*** (0.0007) 0.0153*** (0.0019) 0.0251*** (0.0083)

lnGDP −0.1639*** (0.0123) −0.1268*** (0.0134) −0.1876*** (0.0101) −0.0974*** (0.0218) 0.0724 (0.1071)

Population 0.0002*** (0.0000) 0.0002*** (0.0000) 0.0002*** (0.0000) 0.0002*** (0.0000) 0.0001 (0.0002)

Urbanization 0.2434 (0.2171) 0.0185 (0.2449) 0.3358* (0.2009) 0.4259 (0.4020) 0.1722 (1.1306)

_cons 3.1898*** (0.1643) 2.8305*** (0.1879) 3.3280*** (0.1438) 2.5517*** (0.3043) 2.5748 (1.5540)

N 20,264 17,191 29,914 6,929 225

r2_a 0.0308 0.0425 0.0380 0.0114 −0.4810

Standard errors in parentheses. *p < 0.1, **p < 0.05, ***p < 0.01.
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significant, and the coefficient of the quadratic term of digital 
economy is significantly negative at 5% level, which indicates that the 
development of digital economy does not have any effect on 
individual’s health at the initial stage, and it will have an inhibitory 
effect on individual’s health after a certain level of development. For 
people with secondary education level, digital economy is not 
significantly associated with individual health. For people with higher 
education level, the coefficient of digital economy is significantly 
negative at 5% level and the coefficient of digital economy quadratic 
term is significantly positive at 10% level. The comparison shows that 
the impact of the digital economy on the higher education level group 
is significantly different from that of the lower and middle education 
level groups.

Table 9 show how the impact of the digital economy on health 
varies by place of residence and urban geographic location. For those 
in rural areas, the coefficient on the digital economy is 0.8343, and the 
coefficient on the quadratic term of the digital economy is −1.6821 
and significant at the 10% level. For people in urban areas, the 
coefficient of digital economy is 1.4281 and significant at 1% level and 
the coefficient of quadratic term of digital economy is −3.8253 and 
significant at 1% level. This suggests that the relationship between the 
digital economy and health is stronger in urban areas. In the light of 
current developments, policy pilots to promote the development of 
the digital economy have focused mainly on urban areas, such as the 
“broadband China” pilot and the “smart city” pilot. Therefore, the link 
between the digital economy and individual health is closer in urban 
areas. In addition, we analyze the regional heterogeneity of the impact 
of the digital economy on health by dividing the investigators’ cities 
into three ranges: east, middle and west. From the coefficient of the 
digital economy, the regression results of the subgroups in the western 
region are significantly positive at the 5% level, which indicates that in 
the early stage of the development of the digital economy, the digital 
economy has a significant positive impact on the level of individual 
health in the western region, and does not have a significant impact 
on the eastern and central regions. From the coefficient of the 
quadratic term of the digital economy, the regression results of the 

subgroups in the eastern region are significantly negative at the 5% 
level, which indicates that in the late stage of the development of the 
digital economy, the digital economy has a significant negative impact 
on the level of individual health in the eastern region, and has no 
significant impact on the central and western regions. From the 
viewpoint of the early stage of digital economy development, the 
western region is more remote, the level of urbanization and medical 
conditions are relatively poor, the dividends of the digital economy 
can be fully released, and there is a significant impact on the level of 
individual health. From the late stage of digital economy development, 
the eastern region has a good economic foundation, and the digital 
economy can significantly widen the digital divide, so it has a 
significant negative impact on individual health.

5 Expansive analysis: the impact of the 
digital economy on physical health

In the above section, we have focused on characterizing the health 
of middle-aged and older adults through self-assessed health. While 
self-assessed health is appropriate as a measure of health, however, 
some studies have shown that self-assessed health and physical health 
do differ somewhat in health assessment. Considering physical health 
as an important aspect of health, we therefore made a brief extended 
analysis in this section, focusing on examining the impact of the 
digital economy on physical health. Following the previous measures, 
the following regression model was designed to examine the 
relationship between the two:
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where dmit denotes the individual’s physiological health level, and 
the rest as above. Regarding the measure of physiological health, 
we calculated it using the Mahalanobis distance (DM) method proposed 

TABLE 9 Heterogeneity analysis based on residence and urban location.

Residence Region

Rural Town East Central West

(1) (2) (3) (4) (5)

Digital 0.8343 (1.8567) 1.4281*** (0.4721) 0.5350 (0.5213) −2.5443 (1.6538) 2.3998** (1.0284)

digital_sq −1.6821* (3.5370) −3.8253*** (1.0198) −2.1549** (1.0037) 7.4950 (4.9584) −4.3255 (3.1208)

Gender −0.1355*** (0.0409) −0.1584*** (0.0145) −0.1610*** (0.0173) −0.1200*** (0.0190) −0.1393*** (0.0209)

Education −0.0186* (0.0111) −0.0191*** (0.0045) −0.0214*** (0.0049) −0.0255*** (0.0051) −0.0409*** (0.0057)

Marital −0.0272** (0.0119) −0.0011 (0.0036) 0.0031 (0.0042) 0.0011 (0.0050) −0.0108* (0.0056)

Age 0.0169*** (0.0021) 0.0130*** (0.0008) 0.0127*** (0.0009) 0.0114*** (0.0010) 0.0138*** (0.0011)

lnGDP −0.0485* (0.0293) −0.1642*** (0.0097) −0.1326*** (0.0105) −0.1115*** (0.0160) −0.1811*** (0.0146)

Population 0.0002*** (0.0000) 0.0002*** (0.0000) 0.0002*** (0.0000) 0.0001*** (0.0000) 0.0003*** (0.0000)

Urbanization 0.3325 (0.6540) 0.0072 (0.1809) 0.3192 (0.2218) 0.7896*** (0.2496) −0.2241 (0.2343)

_cons 2.0240*** (0.4538) 3.3581*** (0.1332) 2.9741*** (0.1671) 2.9677*** (0.2254) 3.4781*** (0.1644)

N 4,061 33,574 21,430 16,940 13,691

r2_a 0.4910 0.4407 0.4000 0.3750 0.3974

Standard errors in parentheses. *p < 0.1, **p < 0.05, ***p < 0.01.
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by Cohen et al. (45). Previous studies have confirmed that this method is 
well represented in predicting physiological health or measuring human 
aging (46–48). Specifically, by calculating the distance of a biomarker 
from a spatial ideal health point. A larger distance indicates a poorer state 
of physical health. The specific calculation formula is as follows:

 D x x S xM
T( ) = −( ) −( )−µ µ1

where x  is a vector of biomarker values for a given participant, is 
an equal-length vector of headcount averages for each variable 
representing health level, and S is the headcount variance–covariance 
matrix for the variable. We chose data from 15 biomarker records in 
the CHARLS database to calculate physiologic disorders. Also, to 
ensure the robustness of the results, we excluded the 15 biomarkers 
with more missing values for secondary validation.

The regression results are shown in Table 10. In column (1), the 
coefficient of the primary term of the digital economy is 5.3369 and 
significant at the 5% level, and the coefficient of the secondary term of 
the digital economy is insignificant. In column (2), the coefficient of 
the primary term of the digital economy is 5.3252 and significant at 
the 10% level, while the coefficient of the secondary term of the digital 
economy is insignificant. This indicates that the development of digital 
economy is linear for physical health and the level of development of 
digital economy negatively affects physical health. This suggests that 
there is a difference in the development of the digital economy on the 
multidimensional health of middle-aged and older people, which is 
manifested in the fact that it is non-linear for self-assessed health and 
linear for physiological health. From the current research, few studies 
have discussed the impact of the digital economy on health and have 
not provided evidence of the existence of divergence. Our extended 
analysis has implications for rationalizing the digital economy and 
focusing on health inequalities.

6 Conclusions and implications

Based on Chinese city-level macro data and CHARLS micro data, 
this paper combines the digital economy and individual health, and 
explores the impact of digital economic development on individual 

health and its internal mechanism. And based on the perspective of 
air pollution, the moderating effect between the two is investigated. 
The results found that (1) the development of China’s digital economy 
is an important factor affecting individual health, but it is not the 
higher level of the digital economy that improves individual health, 
and the impact of the digital economy on individual health shows a 
significant inverted U-shaped nonlinear characteristic. (2) In terms of 
the influence mechanism, the urban–rural income gap and basic 
medical resources are the mechanisms that lead to the inverted 
U-shaped influence of the digital economy on individual health. In the 
early stage of the development of digital economy, it will promote the 
improvement of individual health by improving the urban–rural 
income gap and basic medical resources, and in the late stage of the 
development of digital economy, it will negatively affect individual 
health by expanding the urban–rural income gap and suppressing 
basic medical resources. (3) Air pollution positively moderates the 
impact of the digital economy on health, reinforcing the inverted 
U-shaped relationship between the two. (4) Regarding the 
heterogeneity discussion, the relationship between digital economy 
and health is closer in the female group. The impact is significantly 
different for groups with higher education levels than for groups with 
lower and middle education levels. The relationship between the 
digital economy and health is stronger in urban areas. In the early 
stage of the development of the digital economy, the digital economy 
has a significant positive impact on the health of individuals in the 
western region, and has no significant impact on the eastern and 
central regions. In the late stage of the development of the digital 
economy, the digital economy has a significant negative effect on the 
level of individual health in the eastern region, and has no significant 
effect on the central and western regions. (5) Expansive analyses 
indicate that the digital economy has a negative impact on 
physiological health.

Based on the above conclusions, we get the following insights:
First, the Chinese government should correctly recognize the 

double-edged sword effect of the digital economy and rationally lay 
out the development path of the digital economy. Based on the actual 
development of the digital economy, it should optimize the allocation 
mechanism of regional income and medical resources. Although the 
development of the digital economy is beneficial to the economy and 
society, this paper finds that the development of the digital economy 
has a negative impact on the health of the middle-aged and the older 
in the late stage of development. If the current allocation mechanism 
of income and medical resources is not improved, the digital 
economy will harm the health of the population in the long-term 
development. Therefore, it is important to give full play to the 
advantages of the digital economy and minimize the risks and 
challenges it may bring.

Second, the government needs to increase investment in digital 
infrastructure development in rural and less developed areas to reduce 
the urban–rural income gap and lay a good foundation for realizing 
the inclusive development of the digital economy. The research in this 
paper finds that the digital economy can affect health by improving 
the income gap and improving the allocation of medical resources. 
Therefore, it is necessary to further improve the social security system, 
improve the medical resource allocation system, and improve the level 
of medical protection for residents to ensure that the development of 
the digital economy will not exacerbate the gap between the rich and 
the poor and the imbalance of medical resources in the long-
term development.

TABLE 10 Impact of the digital economy on physical health.

(1) dm_1 (2) dm_2

Digital 5.3369** (2.6130) 5.3252* (3.0984)

digital_sq −8.9547 (6.1307) −7.2515 (7.1075)

Gender 0.0341 (0.0450) 0.0289 (0.0562)

Education −0.0189 (0.0127) −0.0049 (0.0155)

Marital −0.0112 (0.0109) −0.0061 (0.0132)

Age −0.0021 (0.0022) 0.0019 (0.0026)

lnGDP 0.0441 (0.0389) 0.0172 (0.0486)

Population 0.0002 (0.0001) 0.0001 (0.0001)

Urbanization 0.6510 (0.4136) 0.9599* (0.5340)

_cons −0.9830** (0.4243) −1.2485** (0.5453)

N 4,340 2,816

r2_a −0.0293 −0.0373

Standard errors in parentheses. *p < 0.1, **p < 0.05, ***p < 0.01.
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Third, the Chinese government needs to pay attention to the 
heterogeneity of the role of the digital economy and rationalize its 
development. The research in this paper finds that there is 
heterogeneity in the relationship between the digital economy and 
the health of middle-aged and older people. It can be started from 
two aspects. One is to further improve the training and education 
system of digital technology. Focus on providing popularized 
education and training in digital technology for people with low 
education level, so that the low education level group can better 
adapt to the development of digital economy and narrow the digital 
divide. For the high-level education group, the government should 
encourage higher education institutions to establish cooperative 
relationships with digital economy enterprises, promote the transfer 
and application of knowledge and technology, and cultivate the 
innovation ability and entrepreneurship of the higher education 
level group, so as to further promote the high-quality development 
of the digital economy. Secondly, relevant digital health 
management platforms and applications should be  further 
promoted to encourage residents to actively participate in self-
health management and to improve self-managed health awareness 
and preventive healthcare capabilities.
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