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With the emergence of the digital age, smart healthcare services based on the new

generation of information technologies play an increasingly important role in improving

the quality of resident health. This study empirically examined the impact of regional

smart healthcare services on resident health as well as the underlying mechanism by

employing a two-way fixed effects model. We constructed a Regional Smart Healthcare

Service Development Index and matched it with survey data from the China Health

and Retirement Longitudinal Study to validate the model. The results showed that (1)

smart healthcare services have a significant positive impact on resident health. (2) The

availability of outpatient services and inpatient services plays a mediating role in the

relationship between regional smart healthcare services and resident health. (3) The

influence of regional smart healthcare services on resident health is heterogeneous

among different regions. Specifically, the effect of smart healthcare services on resident

health is significant in the eastern regions, while it is not significant in the central,

western, and northeastern regions. The effect of smart healthcare services on resident

health is significant in rural regions but not in urban regions. This study enriches

the nascent research stream of smart healthcare services. This study offers useful

insights for practitioners and the government to guide them in formulating smart

healthcare strategies.

Keywords: smart healthcare service, resident health, utilization of healthcare service, outpatient services,

inpatient services, healthcare service innovation, health behaviors

INTRODUCTION

In recent years, there has been a growing academic interest in healthcare service innovation (1).
Superior healthcare services can provide a solid foundation for national competitiveness and
societal soundness (2). However, the current traditional healthcare service system is inherently
affected by geographical limits and uneven distribution of healthcare resources, which are relatively
powerless in responding to unusual events, such as unpredictable public health crises (3). In
particular, the outbreak of COVID-19 has shown a pressing need for global healthcare industries to
enhance their flexibility and responsiveness by innovating service models (4).

Among the innovative models, the smart healthcare service is the most promising approach,
attracting a great deal of attention from both academics and practitioners. Smart healthcare services
refer to embedding the new generation of intelligent technologies into the traditional healthcare
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industry to provide patients with more convenient, flexible,
personalized, and diversified healthcare services (5, 6). The
application of intelligent technologies has changed the way
of value creation of service systems by improving medical
devices, optimizing treatment processes, and empowering disease
diagnosis and prediction, which leads to the transformation of
the organizational structure, ecosystem, and innovative model of
the modern healthcare service industry (7–9).

Scholars have attempted to understand how to incorporate
various intelligent technologies into the healthcare service
industry. Sensor network technology and wearable devices can
collect patient data continuously, enabling real-time monitoring
of patient health status (10). The machine collaboration clinical
intelligent diagnosis systems and surgical robots within artificial
intelligence have been applied in pathological classification and
intelligent consultation, playing an increasingly important role
in epidemiological surveillance and prevention (11). Blockchain
technology opens a new possibility for the healthcare service
sector for data sharing, health record management, and access
control (12). Owing to its durability, transparency, immutability,
and process integrity, blockchain can effectively address the
problem of weak privacy protection and inefficient data
management (13). Moreover, the progress of 5G and the Internet
of Things (IoT) provides strong technical support for breaking
geographical restrictions to provide innovative telemedicine
services (14). Overall, the present literature has presented that
information and communication technology tools have huge
potential to help the healthcare sector overcome shortages and
spawn new innovative service models.

In addition to the feasibility of various intelligent technologies
in the healthcare industry, existing studies have also analyzed
the multiple advantages of smart healthcare services. First, the
smart healthcare service overcomes the shortcomings of the low
efficiency of traditional outpatient services by allowing doctors
to make the diagnosis in an appropriate time according to the
urgency of patients (15). Second, compared with the traditional
model, telemedicine service avoids the risk of cross-infection
resulting from face-to-face contact, which is a cost-effective
strategy for preliminary evaluation of acute patients (16). Third,
under the smart healthcare service model, healthcare functions,
patients, and doctors are connected in an intelligent and scalable
health ecosystem, which is conducive to realizing the cross-
departmental diagnosis and improving the accuracy of prediction
and diagnosis (17).

Previous studies have explored the motivations, drivers,
barriers, and innovation of smart healthcare service adoption
in public health from the micro-organizational perspective (5,
6, 18, 19). Nevertheless, the analysis of the impact of smart
healthcare services from a meso-industrial or macro-regional
perspective remains unclear. While scholars have claimed that
the ultimate goal of innovating healthcare services is to enhance
resident health, surprisingly, little empirical evidence regarding
the effect of innovative smart healthcare services on resident
health can be found in the literature. In addition, the mechanisms
through which smart healthcare services enable resident health
remain unclear. Accordingly, our study proposes the following
two research questions (RQs):

RQ1: What is the impact of smart healthcare services on
resident health?

RQ2: Through what mechanisms do smart healthcare service
influence resident health?

To answer these questions, we developed a theoretical model
and validated it using data from the ChinaHealth and Retirement
Longitudinal Study (CHARLS), which was carried on the
Institute of Social Science Survey, Peking University. CHARLS
data are widely used in studies of healthcare and population
aging (20, 21). This study makes three theoretical contributions
to the literature. Firstly, the paper fills a research gap related
to the impact of smart healthcare services on resident health
at the regional level, which enriches the research perspective
of smart healthcare services. Secondly, the paper attempts to
clarify the mechanism by which smart healthcare services affect
resident health by incorporating the two mediating factors
from the perspective of healthcare service availability, which
fills the theoretical gaps in regional performance research on
smart healthcare services. Thirdly, the paper develops the study
on dwindling the differences in various regions through smart
healthcare services. Concerning practical implications, this study
offers useful insights into the construction of smart healthcare
service infrastructure and the implementation of dynamic and
differentiated regional strategies by the government.

The remainder of this study is organized as follows. Section
Theoretical Underpinning and Hypotheses Development
provides theoretical underpinning and develops the hypotheses.
In section Data Sources and Specification of Variables, we
describe our research methodology, including construct
measurements, sample selection, and data collection. Section
Model Selection and Empirical Result presents the data analysis
and the results. Finally, we summarize the research conclusions,
theoretical contributions, and provide practical suggestions in
Section Further Discussion.

THEORETICAL UNDERPINNING AND
HYPOTHESES DEVELOPMENT

In general, smart healthcare services can effectively improve
resident health by increasing the efficiency and quality of
healthcare services. The enhanced efficiency of smart healthcare
services is mainly reflected in the following three aspects. First,
smart healthcare services can break geographical restrictions
and simplify disease diagnosis process. Specifically, telemedicine
service overcomes geographical barriers, which provides
great convenience for patients with limited mobility or
underdeveloped areas (22). At the same amount of time,
telemedicine system processed 580 requests of patients while
human processed only 256 patients (23). Hence, it can be seen
that smart healthcare services have superiority in simplifying
disease diagnosis process and reducing patients’ waiting time
for services. Second, smart healthcare services provide more
flexible service models to realize an immediate response to the
service requirements. Characterized by service-oriented network
architecture, 5G communication technology can flexibly expand
the communication protocol interfaces and network functions
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according to service requirements (24, 25). Finally, smart
healthcare services play a crucial role in assisting doctors in
quickly judging the condition. Using big data mining to analyze
the information of patients, doctors are enabled to judge patients’
conditions quickly and make timely diagnosis decisions (26).

With respect to the quality of healthcare services, smart
healthcare services can play a role in several ways. First,
the cost of smart healthcare services is reduced owing to
network externalities. Smart healthcare services are based on
network infrastructure, thereby having the characteristics of
network externalities. Network externality means that the
value of connecting to a network depends on the number of
people already connected to the network (27). Simultaneously,
according to Metcalfe’s Law, the network value is proportional
to the square of its users. Namely, the more users flow in the
network, the stronger the network scale effect. When the total
number of users reaches a critical value, the “winner-take-
all” phenomenon appears (28). Therefore, smart healthcare
services enable residents to obtain high-quality healthcare
services at a relatively lower cost. Second, smart healthcare
services construct a value co-creation model involving
multiple participants, which contributes to improve service
quality. Doctors, patients, and other participants realize
interconnection through the smart healthcare service platform
system, promoting the flow of elements such as medical
data, knowledge, and technology. Moreover, according to
the resource dependence theory, healthcare organizations
could form interdependency relationships through cooperative
alliances (29). The employment of information technology
can strengthen such alliance relationship by deepening
interconnection of healthcare organizations among regions.
A smart healthcare service system can facilitate the information
sharing, resource integration, and value co-creation across
healthcare organizations among different regions (30, 31).
Finally, smart healthcare services realize a transition from a
clinic-centric-centric treatment to patient-centric healthcare
models (32). It is instrumental in healthcare institutions to
transform mental healthcare into more personalized medical
service solutions to purposefully solve patients’ health problems
(33). Based on the above analysis, we propose H1:

H1: Smart healthcare service is positively correlated with
resident health.

In addition to the direct effect discussed above, smart
healthcare services have an indirect effect on resident health
by enhancing the supply capacity of healthcare services. Based
on the types of healthcare service mode, the supply capacity of
healthcare services can be roughly measured by the availability
of outpatient and inpatient services (34). Regarding outpatient
services, smart medical services can decrease the use of
offline outpatient services, thus improving resident health (35).
First, telemedicine services greatly improve the immediacy,
convenience, and diversity of communication methods between
doctors and patients (36). Second, smart healthcare services
play an important role in diagnosing infectious diseases and
reducing the risk of cross-contamination caused by face-to-face
contact. For example, during COVID-19, patients have showed
a higher willingness to use video consultations than before (37).
Based on telemedicine service systems and intelligent medical

robots, patients can be classified, evaluated, monitored, and
treated within a safe distance, which reduces the risk of frontline
medical staff infected with COVID-19. Third, smart healthcare
service systems apply blockchain technology to information-
intensive electronic healthcare records, which contributes to
privacy protection of patients and reducing the risk of misusing
health information in a very short time (38). Following the above
analysis, we propose H2a:

H2a: Smart healthcare services will improve resident health by
decreasing the use of outpatient services.

Concerning inpatient services, smart healthcare services can
enhance the availability of inpatient services, thus improving
resident health. Demand for inpatient services is limited by the
infrastructure of healthcare institutions to an extent, especially
the number of available hospital beds and medical devices.
The unreasonable distribution of resources is an important
problem hindering the development of China’s hospitals and
the medical system. On the one hand, smart healthcare services
could optimize allocation of resources among different medical
institutions, thereby improving the availability of inpatient
services and meeting the healthcare needs of patients (39). In
China, most medical resources are concentrated in large hospitals
owing to urbanization (40). As the expansion of hospitals cannot
keep up with the growth of patients, large medical institutions
face the dilemma of excessive pressure and low availability
of medical resources. The lack of a perfect referral system
and patients’ prejudices against general practice in China have
led patients to tend to large medical institutions, even for
the common cold (41). The smart healthcare service system
can realize real-time information sharing in different medical
institutions among regions, which is helpful in improving the
inpatient service capacity of small- and medium-sized medical
institutions and release the pressure of large medical institutions.
On the other hand, smart healthcare services play an important
role in healthcare crisis management. When public health
emergencies occur, many countries face the problem of a shortage
of intensive care resources. The most recent COVID-19 outbreak
is a typical example. During COVID-19, the demand for intensive
care resources, especially for intensive care unit beds and
ventilators, rose sharply in China. Hence, effectively allocating
resources become increasingly important. The smart healthcare
system assists hospitals and medical facilities in making quicker
decisions that have a higher priority to be hospitalized, which
makes for the effective allocation of scarce medical resources
(42). Concurrently, the smart healthcare system automatically
conducts triage to reduce deaths caused by necessary care delay
(43). Based on the above analysis, we propose H2b:

H2b: Smart healthcare services improve resident health by
increasing the availability of inpatient services.

DATA SOURCES AND SPECIFICATION OF
VARIABLES

Data Sources
The study data included two parts. Of these, the data of
dependent variables and mediating variables were derived from
the survey mentioned above—the CHARLS. The data for the
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independent variable were derived from the multi-index system
we constructed in this study—the Regional Smart Healthcare
Service Development Index. Specifically, CHARLS is a national
tracking survey that collects data representing families and
individuals of residents aged 45 years or older in China. The
multi-stage stratified sampling method is mainly used to conduct
a field survey in 140 counties from 30 provinces in China; the
baseline survey started in 2011, and a follow-up survey was
conducted every 2–3 years. We selected survey data from 2011,
2013, 2015, and 2018 as the samples for this study.

Previous studies have generally explored the application
of smart healthcare services in the context of smart cities
(44, 45). Smart city services, smart applications, and smart
devices are the basic elements of smart healthcare services
(46). Considering the basic elements of smart healthcare
services, we constructed a comprehensive development index—
the Regional Smart Healthcare Service Development Index—by
integrating data from three dimensions: regional, industrial, and
organizational. The regional data were collected from the China
Urban Statistical Yearbook and Chinese Research Data Services
Platform database. The healthcare industry data were obtained
from the China Health Statistical Yearbook, and smart healthcare
service enterprise data were drawn from the Qixinbao database.

We obtained the sample data of this study by matching the
two types of data according to the location of the respondents.
Excluding the 7,173 respondents’ missing key information, the
final sample data contain 35,124 samples of 8,781 respondents
from 105 cities in China.

Variables Selection
Dependent Variables
The dependent variable was resident health, measured by
self-rated health. Self-rated health indicates the objective and
subjective perception of one’s health and is one of the most
frequently employed health indicators in sociological health
research (47, 48). Respondents were asked to respond to the
question, “Would you say your health is very good, good, fair,
poor or very poor?” using a five-point Likert scale. The higher
the score, the better the health.

Independent Variables
The independent variable was the Regional Smart Healthcare
Service Development Index. Considering the characteristics
of smart healthcare services and the availability of data, we
measured it from two aspects: smart medical infrastructure
and smart service foundation (49, 50). The smart medical
infrastructure includes the number of regional medical
institutions, the number of beds, and doctors in medical
institutions. The smart service foundation includes the number
of smart healthcare equipment manufacturing companies, the
number of regional telecom services, and the number of regional
Internet users. In particular, we obtained the number of smart
healthcare equipment manufacturing companies by screening
the industry codes of smart healthcare services. The industry
codes are determined based on the Statistical Classification of
Digital Economy and Core Industries (2021) published by the
China National Bureau of Statistics in May 2021. Qixinbao is

a database that uses the Chinese enterprise credit information
publicity system as the data source. We searched for the
companies with the above industry codes in the Qixinbao
database and obtained the specific number of smart healthcare
equipment manufacturing companies in each city. The specific
indicators of the smart healthcare service development index
are shown in Table 1. Through the principal component
analysis method to standardize and reduce the dimensions of
the data, we obtained the Regional Smart Healthcare Service
Development Index.

Mediating Variable
The mediating variables in this study were the availability of
outpatient and inpatient services. Specifically, we used the answer
to the question, “In the last month, have you visited a public
hospital, private hospital, public health center, clinic, or health
worker’s or doctor’s practice, or been visited by a health worker
or doctor for outpatient care?” as the proxy variable for the
availability of outpatient services and the answer to question
“Have you received inpatient care in the past year?” as a proxy
variable for the availability of inpatient services.

Control Variables
The control variables included the individual control variables
and regional control variables. Individual control variables were
age, sex, household registration, education level, marital status,
chronic diseases, and health insurance of respondents. Regional
control variables included regional gross domestic product
(GDP) per capita and the level of urbanization. The specific
definitions and assignment of the variables are shown in Table 2.

Descriptive Statistics
Descriptive statistics of the variables are presented in Table 3.
The D-value of the maximum value and the minimum value of
smart healthcare services was ∼12, indicating that there were
significant differences in the development of smart healthcare
services in different regions. The average self-tested health was
3.041, which indicates that resident health status was fair and
required improvement. The average outpatient utilization rate
and inpatient utilization rate were 0.194 and 0.122, respectively,
meaning that the proportion of outpatient services at least once
a month and the proportion of inpatient services in the past year
were relatively low.

MODEL SELECTION AND EMPIRICAL
RESULT

Model Selection
We developed the following two-way fixed effects model to test
the impact of smart healthcare services on the resident health
of H1.

Healthit=β0+β1SSit+β2Xit+µi+δt+εit (1)

To test the mediating effect of H2a and H2b, we constructed
the following mediating effect model by adding the mediating

Frontiers in Public Health | www.frontiersin.org 4 January 2022 | Volume 9 | Article 833687

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Chen et al. Smart Healthcare Service in China

TABLE 1 | Regional smart healthcare service development index.

Name Index Meaning

Regional smart healthcare service development index Smart medical infrastructure The number of regional medical institutions

The number of beds in medical institutions

The number of doctors in medical institutions

Smart service foundation The number of smart healthcare equipment manufacturing companies

The number of telecom services

The number of Internet users

TABLE 2 | Variable definition and assignment.

Variable type Variable code Variable assignment

Dependent variables Health From 1 to 5, the better the health, the higher the value.

Independent variables SS Development level of regional smart healthcare services

Mediating variable OS Yes = 1, No = 0

IS Yes = 1, No = 0

Control variables Age Age of respondents

Sex Male = 1, Female = 0

Household Agricultural household registration = 1, Non-agricultural household registration = 0

Edu From 1 to 11, the higher the level of education, the higher the value.

Mar Married and living with their spouse=1, other=0.

Chronic From 0 to 14, the number of chronic diseases the respondents had.

Insurance Yes = 1, No = 0

GDPP Reginal GDP per capita

Urban Population density (person/sq.km)

variables, outpatient service availability (OS), and inpatient
service availability (IS).

OSit = β0+β1SSit+β2Xit+µi+δt+εit (2)

ISit = β0+β1SSit+β2Xit+µi+δt+εit (3)

Healthit = β0+β1SSit+β2OSit+β3ISit+β
4
Xit+µi+δt

+εit (4)

where i represents the city (I = 1,2. . . 105) and t represents
the year (t = 2011,2013,2015,2018), µi indicates city-fixed
effects, and δt indicates year-fixed effects. The dependent
variable Healthit indicates the health status of residents, and
the independent variable SSit represents the development level
of the regional smart healthcare service. Xit represents control
variables affecting residents’ health, and εit represents the random
perturbation term.

Empirical Result
The results of the benchmark regression and mediating effects
are shown in Table 4. In Models (1) and (2), the coefficients
of smart healthcare service (SS) are all significantly positive (p
< 0.01), indicating that the development of smart healthcare
services can effectively improve resident health. Thus, H1a is
supported. Concerning the control variables in Model (2), the
results indicate that higher education, health insurance, and
urbanization level are helpful in improving resident health,
while chronic diseases and GDP per capita were harmful to

TABLE 3 | Descriptive statistics of variables.

Variable Obs Mean Std. Dev. Min Max

Health 35124 3.041 0.949 1 5

SS 35124 −7.72E-10 1.345 −1.328 10.636

OS 35124 0.194 0.395 0 1

IS 35124 0.122 0.328 0 1

Age 35124 60.878 8.854 43 108

Sex 35124 0.475 0.499 0 1

Household 35124 0.811 0.392 0 1

Edu 35124 3.434 1.901 1 10

Mar 35124 0.833 0.373 0 1

Chronic 35124 0.621 1.026 0 10

Insurance 35124 0.964 0.186 0 1

GDPP 35124 87094.951 385312 8877 5955349

Urban 35124 570.635 779.086 9.787 11559.601

resident health. Compared with women and rural residents, men
and urban residents have advantages in the impact of smart
healthcare services on health.

H2a and H2b relate to the mediating effect of outpatient
service availability and inpatient service availability on resident
health, respectively. Based on Models (1) and (2), the results
of Models (3) and (4) show that smart healthcare services are
negatively correlated with outpatient service availability (p <
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TABLE 4 | The results of benchmark regression and mediating effects.

Variables (1) (2) (3) (4) (5) (6)

Health Health OS IS Health Health

SS 0.031*** 0.015*** −0.023*** 0.01** 0.014*** 0.014***

(0.004) (0.004) (0.007) (0.001) (0.004) (0.004)

Age −0.007*** −0.001 0.003*** −0.007*** −0.006***

(0.001) (0.001) (0.001) (0.001) (0.001)

Sex 0.067*** 0.096* −0.005 0.061*** 0.066***

(0.011) (0.053) (0.044) (0.11) (0.11)

Household −0.125*** −0.002 −0.005 −0.124*** −0.126***

(0.013) (0.029) (0.005) (0.013) (0.013)

Edu 0.021*** −0.005 0.001 0.021*** 0.021***

(0.003) (0.005) (0.001) (0.003) (0.003)

Mar −0.035*** 0.007 0.007 −0.035*** −0.034***

(0.014) (0.01) (0.005) (0.014) (0.014)

Chronic −0.196*** 0.012*** 0.02*** −0.189*** −0.193***

(0.004) (0.002) (0.002) (0.004) (0.004)

Insurance 0.069** 0.044*** 0.052*** −0.06** −0.061**

(0.028) (0.014) (0.007) (0.027) (0.028)

GDPP −2.37e-07*** 2.50E-07 2.17e-08* −2.50e-07*** −2.34e-07***

(3.51E-08) (2.42E-07) (1.18E-08) (3.51E-08) (3.50E-08)

Urban 0.0001*** −0.0001 −0.0001* 0.0001*** 0.0001***

(0.001) (0.001) (0.001) (0.001) (0.002)

OS −0.182***

(0.012)

IS −0.155**

(0.015)

Constant 3.041*** 3.621*** 0.234** −0.122*** 3.639*** 3.603***

(0.005) (0.054) (0.084) (0.018) (0.054) (0.054)

City FE YES YES YES YES YES YES

Year FE YES YES YES YES YES YES

N 35,124 35,124 35,124 35,124 35,124 35,124

R2 0.002 0.061 0.003 0.012 0.067 0.064

The symbol ***, **, * indicates that the correlation coefficients are statistically significant at 1, 5, and 10%, respectively.

0.01), while smart healthcare service is positively correlated
with inpatient service availability (p < 0.05). After adding the
mediating variables, the coefficients of smart healthcare services
in Models (5) and (6) were both lower than those in Model (2)
and significant (p < 0.01). The results indicate that smart health
services can improve resident health by decreasing the usage of
outpatient services and enhancing the availability of inpatient
services. Thus, H2a and H2b were supported.

Robustness Test
Considering the possible reverse causality between smart
healthcare services and resident health, we used the instrumental
variable method to solve the endogeneity issue (51).We chose the
number of fixed telephones in 1996 as the instrumental variable
for smart healthcare services. From the relevant perspective
of instrumental variables, the development of smart healthcare
services mainly depends on the popularization of Internet
technology. Areas with a higher penetration rate of fixed
telephones are likely to be areas with a more complete digital

medical infrastructure. From the exogenous perspective of the
instrumental variable, the use frequency of fixed telephones
is declining with the progress of new-generation information
technology. The impact of fixed telephones on residents gradually
disappears, which is consistent with the uniqueness of the
instrumental variables. As the samples in this study were panel
data, we added a variable that changed over time to construct an
interaction term (52). Specifically, we used the number of fixed
telephones per 100 people in each city in 1996 and the number
of Internet broadband users in China to construct an interaction
term as the instrumental variable of smart healthcare service
that year.

Table 5 reports the 2SLS regression result of smart healthcare

service and resident health. Considering endogeneity, smart
healthcare service is still positively correlated with resident

health. In Models (7) and (8), the Kleibergen-Paap rk’s LM

statistics p-value is <0.001, which significantly rejects the
original hypothesis that identification of instrumental variables
is insufficient. Kleibergen-Paap rk’s Wald F statistic exceeds the
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TABLE 5 | The 2SLS regression result of robustness test.

(7) (8)

Variable Health Health

lv_SS 0.02*** 0.014***

−0.002 −0.002

Control Variables NO YES

City FE YES YES

Year FE YES YES

Kleibergen-Paap rk LM 910.58 1030.38

[0.000] [0.000]

Kleibergen-Paap rk Wald F 4685.3 4488.9

{16.38} {16.38}

N 35124 35124

R2 0.005 0.062

The symbol *** indicates that the correlation coefficients are statistically significant at 1%

level.

critical value of the Stock-Yogo weak recognition test at the 10%
level, which significantly rejects the hypothesis that identification
of instrumental variables is weak. The results further verify
the rationality and effectiveness of the instrumental variables
in this study.

FURTHER DISCUSSION

Owing to the diversity of resources and development stages, the
impacts of smart healthcare services on resident health may be
heterogeneous in different regions. It is necessary to divide the
sample into groups for further discussion. We selected economic
regionalization and household registration types as grouping
indicators. The former is divided into eastern, central, western,
and northeastern regions according to the general practice of
the existing literature. The latter is divided into urban and rural
household registrations. Table 6 reports the descriptive statistics
of the smart healthcare service and resident health for different
economic regionalization and household registration types.

Table 7 reports the regression results of the subgroup
samples. As shown in Models (9–12), the impact of smart
healthcare services on the resident health in the eastern region
is significantly positive (p < 0.01), while in the central, western,
and northeastern regions it is non-significantly negative (p >

0.1). On the one hand, as the Internet and digital infrastructure
in the eastern region are more developed than other regions,
the potentiality of smart healthcare service is fully released.
On the other hand, the network diffusion effect of smart
healthcare service is relatively low in these areas where smart
infrastructure is not well-equipped. As a result, residents will
obtain information and healthcare services at relatively higher
cost, which is not conduce to health improvements.

Models (13) and (14) show that the impact of smart healthcare
services on rural resident health is significantly positive, while the
impact on urban resident health is positive but not significant.
This result can be explained in two ways. Restricted by economy,
urbanization, and transportation, the healthcare conditions in

rural areas lag far behind those in urban areas. The development
of regional smart healthcare services, such as telemedicine, is
conducive to overcoming the shortage and unequal distribution
of healthcare resources in rural areas, which improves the
service capacity of rural healthcare institutions (53). Owing to
the limitations of network infrastructure and education, the
proportion of urban residents using the Internet is remarkably
higher than that of rural residents. Consequently, rural residents
affected by the smart healthcare service have greater changes in
the behavior of utilizing healthcare services, thereby improving
their health more significantly.

CONCLUSIONS

This study empirically examined the impact of regional smart
healthcare services on resident health as well as the underlying
mechanism by employing a two-way fixed effects model. The
results showed that (1) smart healthcare services have a
significant positive impact on resident health. (2) The availability
of outpatient services and inpatient services plays a mediating
role in the relationship between regional smart healthcare
services and resident health. (3) The influence of regional smart
healthcare services on resident health is heterogeneous among
different regions. Specifically, the effect of smart healthcare
services on resident health is significant in the eastern regions,
while it is not significant in the central, western, and northeastern
regions. The effect of smart healthcare services on resident health
is significant in rural regions but not in urban regions.

Theoretical Contributions
This study makes several theoretical contributions to the
literature. First, this study enriches the research perspective
of smart healthcare services. In the field of smart healthcare
services, most contributions are focused on the drivers, barriers,
system design, and implications of the smart healthcare service
from the micro-organizational perspective, while this study
clarified the impact and underlying mechanism of smart
healthcare services that enable resident health from a macro-
regional perspective. This study measured the regional smart
healthcare service more comprehensively and reasonably by
integrating data from three dimensions: regional, industrial,
and organizational. Therefore, the paper fills the research gap
in relation to the role of smart healthcare services in resident
health at the regional level. Second, this article enriches the
literature on the performance of smart healthcare services
by empirically investigating the path through which smart
healthcare services improve resident health. The existing studies
mainly focused on examining the effects of smart healthcare
services on health crisis management and maternal and neonatal
care (54, 55). However, these studies failed to systematically
analyze the impact path of smart healthcare services on
resident health. This study attempts to clarify the mechanism
by which smart healthcare services affect resident health by
incorporating the two mediating factors from the perspective
of healthcare service availability. Third, this paper expands
research on dwindling the differences in various regions through
smart healthcare services by analyzing the influence of smart
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TABLE 6 | The descriptive statistics of subgroup samples.

Regional category Name N Resident health Smart healthcare services

Mean SD Mean SD

Economic regionalization Eastern region 12,912 3.185 0.99 8.69E-10 1.412

Central region 11,164 2.968 0.917 3.99E-09 1.342

Western region 6,940 2.897 0.834 5.10E-09 1.488

Northeast region 4,008 3.015 1.018 1.10E-08 1.095

Household Urban 6,651 3.153 0.904 −2.02E-09 1.364

Registration types Rural 28,473 3.014 0.957 −7.59E-10 1.344

TABLE 7 | The regression results of the subgroup samples.

Variable (9) (10) (11) (12) (13) (14)

Eastern region Central region Western region Northeast region Urban Rural

SS 0.021*** −0.035 −0.005 −0.042 0.005 0.021***

(0.008) (0.009) (0.04) (0.067) (0.008) (0.004)

Control Variables YES YES YES YES YES YES

Constant 3.37*** 3.628*** 4.759*** 3.382*** 3.739*** 3.489***

(0.096) (0.101) (0.883) (0.878) (0.103) (0.059)

City FE YES YES YES YES YES YES

Year FE YES YES YES YES YES YES

N 14,167 11,164 6,940 4,008 6,651 28,473

R2 0.052 0.072 0.014 0.03 0.059 0.059

The symbol *** indicates that the correlation coefficients are statistically significant at 1% level.

healthcare services on resident health in different economic zones
and urban and rural areas. Effectively reducing the disparity
in healthcare among regions is essential for the sustainable
development of society (56). This study verifies the proposition
that the combination of traditional medicine and intelligent
technologies has positive influence on narrowing the regional
medical gap.

Practical Implications
This study also offers some practical implications for
policymakers. First, as revealed by research findings, the
government should pay attention to increasing investment
in smart healthcare service infrastructure as smart healthcare
services are characterized by network externalities. This is
instrumental in the rapid emergence of increasing marginal
revenue of smart healthcare services and narrowing the
digital gap in different regions, which will enhance the
healthy life of residents. Second, the medical institutions
should make attempts to embedding information technology
into the traditional health mode for the realization of
digital transformation. Medical institutions should improve
the utilization and efficiency of outpatient and inpatient
resources through digital technology, which makes for
providing more efficient and high-quality medical services
to resident. Third, in the context of the COVID-19 pandemic,
it is necessary to utilize the advantages of telemedicine in
reducing face-to-face contact and preventing the risk of
cross-infection, which is helpful in improving the efficiency

of epidemic prevention. Lastly, as confirmed of our study,
more healthcare input should be implemented in rural areas
as the development of regional smart healthcare services can
contribute to overcoming the shortage and unequal distribution
of healthcare resources in rural areas. The government
should implement dynamic and differentiated smart service
strategies to narrow the regional medical gap between urban
and rural areas, thus achieving the strategic objective of
Healthy China.

Limitations and Future Research Directions
This study still has certain limitations, which represents the
future research directions. First, due to the availability of data,
the study fails to explore the role of smart services in COVID-
19. This topic becomes more relevant since the COVID-19 has
been the most serious public crisis since World War II and
has posed a great challenge to the healthcare service system all
over the world. Hence, once relevant data is available, future
study could further verify whether the theoretical mechanism
proposed by this paper is still effective in the context of serious
public health emergencies. Second, the generalizability of this
research findings is limited by the sample size, region and
country sources Further research could collect data from other
regions and countries to compare whether the effects of smart
healthcare services are different between emerging economies
and developed countries.
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