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Objectives: This study examines whether smart city development is associated
with improvements in medical service performance across Chinese provinces,
addressing the limited large-scale quantitative evidence on digital governance
and healthcare systems in developing-country contexts.

Methods: A balanced province-level panel dataset covering 31 provinces in
mainland China from 2013 to 2024 was constructed using national statistical
yearbooks and official smart city pilot lists. Medical service performance was
measured by a composite Medical Service Performance Index (MSPI) capturing
healthcare utilization structure, care quality, and preventive health management
capacity. Two-way fixed effects models were applied to estimate the association
between smart city exposure and healthcare system performance.

Results: Higher smart city exposure is associated with improved medical service
performance. In baseline models, smart city exposure is positively related to MSPI
(B = 0.182, p < 0.01). Mechanism analyses show improvements in preventive health
management (3 = 0.184, p < 0.01), care quality ( = 0.135, p < 0.01), and reduced
reliance on high-intensity hospital services (f = —0.120, p < 0.01). After accounting for
these mechanisms, the direct association becomes statistically insignificant.
Conclusion: Smart city development is linked to better medical service
performance in China, suggesting that digital governance initiatives may
strengthen healthcare systems through improved coordination, care quality,
and preventive health management.

KEYWORDS
China, digital governance, healthcare systems, medical service performance, smart city
development

Introduction

The rapid diffusion of smart city initiatives has reshaped the ways in which urban
systems deliver public services, including healthcare [1]. By embedding digital technologies
into urban governance, smart cities aim to enhance service accessibility, efficiency, and
quality, while addressing persistent challenges such as resource constraints, fragmented
service provision, and rising health demands. In the healthcare sector, smart city
development has increasingly been viewed as a potential tool for strengthening health
systems and improving medical service performance [2].

From a functional perspective, digital technologies integrated into smart city infrastructures
may influence healthcare systems through several pathways. First, digital platforms such as
telemedicine, mobile health applications, and remote monitoring technologies can reduce
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spatial and informational barriers, thereby improving access to
healthcare services [3-5]. Second, smart city applications may
contribute to better clinical outcomes by enabling earlier diagnosis,
continuous health monitoring, and improved coordination among
healthcare providers [6-8]. Third, digital governance tools can enhance
the efficiency of healthcare systems by optimizing resource allocation,
reducing waiting times, and improving service coordination across
institutions [9]. Together, these mechanisms suggest that smart city
initiatives may affect healthcare systems not only through
technological innovation but also through broader transformations
in urban governance and public service delivery.

Despite these potential benefits, empirical evidence on the
relationship between smart city development and healthcare system
performance remains limited. Much of the existing research relies on
qualitative case studies or conceptual discussions focusing on
individual technologies or pilot projects [10, 11]. As a result,
relatively little large-scale quantitative evidence exists on whether
smart city development leads to measurable improvements in
healthcare system performance. Moreover, existing studies rarely
examine how the effects of digital governance initiatives vary across
regions with different levels of economic development, healthcare
infrastructure, and institutional capacity. These questions are
particularly relevant in developing countries, where regional
disparities in resources and governance capacity remain substantial.

China provides a valuable context for examining these issues.
Over the past decade, the Chinese government has actively
promoted smart city development through a series of national
pilot programs, leading to the widespread diffusion of digital
governance initiatives across cities and regions [12]. At the same
time, China’s healthcare system exhibits significant regional
variation in both resource availability and service capacity. This
combination of policy diffusion and regional heterogeneity provides
a useful setting for assessing how smart city development may
influence healthcare system performance.

Against this background, this study examines the relationship
between smart city development and medical service performance
in China. Using province-level panel data and a two-way fixed effects
framework with continuous treatment intensity, the analysis evaluates
whether greater exposure to smart city initiatives is associated with
improvements in a composite Medical Service Performance Index.
This study contributes to the literature in three ways. First, it extends
existing research on digital transformation and healthcare by
examining smart city development as a broader form of urban
digital governance rather than focusing solely on individual medical
technologies. Second, it provides large-scale empirical evidence on the
relationship between smart city development and healthcare system
performance using province-level panel data. Third, by examining
changes in healthcare utilization structure, clinical service quality, and
preventive health management, the study sheds light on the
mechanisms through which digital governance initiatives may
influence healthcare systems.

Smart cities as digital governance

The understanding of smart cities has gradually shifted from a
technology-driven perspective toward a broader governance-
oriented framework. Earlier studies largely focused on digital
infrastructures—such as the Internet of Things (IoT), cloud
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computing, and artificial intelligence—as the primary forces
behind improvements in urban services [13]. Within this view,
technological deployment itself was expected to generate
efficiency gains and service improvements [14].

Recent research, however, increasingly interprets smart cities as
a transformation of governance arrangements rather than a simple
expansion of technological capacity [15]. Digital infrastructures
serve primarily as enabling platforms that reshape information
flows, coordination among institutions, and decision-making
processes within urban systems [16]. As a result, the effectiveness
of smart city initiatives depends not only on the availability of
advanced technologies but also on how these tools are incorporated
into existing institutional settings and public service structures.

This perspective is particularly relevant in the healthcare sector.
Healthcare systems often involve fragmented service provision, strong
interdependence among institutions, and substantial information
asymmetry between providers and patients. In such environments,
isolated technological applications rarely lead to substantial
improvements in overall system performance. The benefits of
digital technologies are more likely to emerge when they support
coordination across providers, facilitate information sharing, and
improve the integration of health-related services. For this reason,
smart city initiatives may affect healthcare performance not only
through technological innovation but also through broader

improvements in governance capacity and institutional coordination.

A multidimensional perspective on
healthcare system performance

Within health policy and public administration research,
healthcare system performance is
multidimensional concept. Long-standing debates have explored

commonly viewed as a

questions concerning the objectives of healthcare systems, the role
of medical services in shaping health outcomes, and whether
healthcare should primarily be regarded as a public good or as a
market-based service [17]. In response to these debates, contemporary
research increasingly evaluates healthcare performance across several
dimensions rather than relying on single indicators [18].

In line with this perspective, healthcare system performance in
this study is examined through three interrelated dimensions: the
structure of healthcare utilization, the quality of medical services,
and the capacity for preventive health management.

The structure of healthcare utilization reflects the efficiency with
which medical resources are used. Excessive reliance on high-intensity
hospital-based services—such as avoidable hospitalizations or
unnecessary admissions to tertiary hospitals—often indicates
inefficiencies within healthcare systems. Improving healthcare
performance therefore requires a more balanced pattern of service
use, including greater reliance on community-level care and more
appropriate substitution between different types of services [19].

The quality of healthcare services captures the effectiveness and
safety of medical treatment. This dimension is often assessed
through outcome-based indicators such as mortality rates or
treatment success rates, which reflect the clinical performance of
healthcare providers [20].

The third dimension concerns preventive health management,
which emphasizes population-oriented services such as chronic
disease management, maternal and child healthcare programs, and
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community-based health monitoring. These activities contribute to
improved health outcomes by focusing on prevention, -early
detection, and long-term health maintenance rather than solely on
treatment [21].

The concept of smart cities has evolved from a technology-
centered paradigm toward a governance-oriented framework. Early
perspectives emphasized digital infrastructures—such as IoT
systems, cloud computing, and artificial intelligence—as primary
drivers of service improvement [22].

Considering these dimensions together highlights the broader
role of healthcare systems in maintaining population health.
Improvements in healthcare performance typically occur through
gradual adjustments in service organization, resource allocation, and
health management practices rather than through isolated
technological interventions.

Smart cities and healthcare system
performance

Smart city development may influence healthcare system
performance through several channels related to information
integration, service coordination, and health management.

One important pathway concerns changes in healthcare utilization
patterns. Digital infrastructures, including online consultation
platforms, digital appointment systems, and telemedicine services,
can reduce unnecessary hospital visits while enabling patients to
access appropriate care more efficiently. These technologies may
encourage a shift away from hospital-centered treatment toward a
more diversified system that includes remote services and community-
level healthcare provision, thereby improving the efficiency of resource
use within the healthcare system [23].

A second pathway relates to improvements in healthcare quality.
Smart city platforms often integrate electronic health records,
environmental monitoring systems, and large-scale urban data
platforms. Access to more comprehensive and timely information
can assist healthcare providers in clinical decision-making while also
enabling greater coordination among medical institutions. Enhanced
data sharing may reduce information asymmetries and support more
consistent treatment practices across healthcare providers [24].

Smart city technologies may also strengthen preventive health
management. Devices such as wearable health monitors, mobile health
applications,
observation of health behaviors and environmental risks. These

and urban sensor networks enable continuous
technologies support disease surveillance, early risk detection, and
targeted health interventions. In many cities, digital platforms are also
used to promote healthy lifestyles, support active aging programs, and
expand community-based healthcare services, reinforcing the
population-oriented functions of healthcare systems [25].

Although research on smart cities and digital health has expanded
in recent years, important gaps remain. A substantial share of the
literature focuses on specific technologies or individual city case
studies, while systematic quantitative analyses examining the
broader relationship between smart city development and
healthcare system performance remain limited. Moreover, relatively
few studies integrate smart city governance perspectives with
multidimensional frameworks of healthcare system performance.

To address these gaps, this study uses province-level panel data

from China and constructs a multidimensional Medical Service
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Performance Index (MSPI). The index captures three key aspects
of healthcare systems: service utilization structure, healthcare
quality, and preventive health management capacity. This
approach allows a systematic evaluation of how smart city
development relates to different aspects of healthcare system
performance.

Based on the theoretical discussion above, the following
hypotheses are proposed:

H1. Higher levels of smart city development are associated with
improved medical service performance.

H2. Smart city development improves medical service performance
by optimizing healthcare utilization structures and promoting
service substitution.

H3. Smart city development improves medical service performance
by enhancing healthcare quality and strengthening preventive health
management capacity.

Methods
Data sources

This study uses a balanced province-level panel dataset covering
all 31 provinces in mainland China from 2013 to 2024. The starting
year of 2013 coincides with the launch of the national smart city pilot
program, allowing the analysis to capture the diffusion of smart city
initiatives across provinces over time. Using this extended time span
also ensures sufficient temporal variation in the key explanatory
variable for reliable econometric identification.
and health
management was obtained from the China Health Statistics
Yearbook and the China Health and Family Planning Statistical
Yearbook. Data on smart city development were collected from

Information on medical service delivery

official lists of national smart city pilot programs released by central
and local governments.

Socioeconomic and demographic control variables, including
gross domestic product (GDP) per capita, urbanization rate,
population density, and per capita fiscal expenditure, were drawn
from the China Statistical Yearbook and related official statistical
publications. All variables were aggregated at the provincial level. As
the study relies exclusively on publicly available secondary data,
ethical approval and informed consent were not required.

Medical service performance

Healthcare system performance is measured using the Medical
Service Performance Index (MSPI), a composite indicator capturing
multiple aspects of medical service delivery and population health
level. The
multidimensional evaluation frameworks commonly used in

management at the provincial index follows
health policy and public administration research [26]. These
frameworks emphasize that healthcare system performance
reflects not only service volume but also resource allocation
efficiency, service quality, and the provision of preventive health

services [27].
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Consistent with this perspective, MSPI incorporates three
conceptual dimensions: healthcare utilization structure, healthcare
quality, and preventive health management capacity. The utilization
dimension reflects whether healthcare resources are allocated
efficiently and whether unnecessary reliance on high-intensity
hospital-based services can be reduced. The quality dimension
captures clinical outcomes and service safety, consistent with the
well-known structure-process—outcome framework in healthcare
evaluation [28]. The preventive health management dimension
reflects the capacity of healthcare systems to provide population-
oriented services such as maternal healthcare, chronic disease
management, and community health monitoring.

Seven indicators were selected to operationalize these
dimensions: outpatient visits, hospital admissions, emergency
mortality rate, inpatient mortality rate, coverage of standardized
health management services, prenatal examination utilization, and
newborn follow-up visits. These indicators capture both treatment-
oriented and preventive aspects of healthcare provision and have
been widely used in previous evaluations of health system
performance [29].

To ensure comparability across indicators with different units
and distributions, all variables were standardized using pooled
z-scores (Equation 1). The standardized value of each indicator is
calculated as

Zige = X 1)
Ok
where Xy, denotes the original value of indicator k in province p and
year t; X; represents the sample mean of indicator k calculated
across all provinces and years; and ox denotes the corresponding
standard deviation.

Indicators reflecting adverse outcomes (e.g., mortality rates)
were reverse-coded before standardization so that higher values
consistently represent better performance. The MSPI is then
calculated as the unweighted mean of the standardized indicators:

1 K
MSPILy = & ;zkpt )

where Zy,, denotes the standardized value of indicator k in
province p and year t, and KKK represents the total number
of indicators included in the index (Equation 2). Equal
weighting is commonly used in public health research when
no clear theoretical or empirical basis exists for assigning
differential weights across indicators [30].

For additional analysis, the standardized indicators are also
three
dimensions

aggregated  into sub-indices corresponding to the
healthcare

quality, and preventive health management. These indices are

conceptual of healthcare utilization,

used in the mechanism analysis to examine whether changes in
overall healthcare performance are associated with improvements in
specific dimensions of the healthcare system.
Key explanatory variable

The key explanatory variable is smart city exposure, defined as

the proportion of cities within a province designated as national
smart city pilots in a given year.
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China’s national smart city pilot program began in 2013 when
the Ministry of Housing and Urban-Rural Development released the
first list of pilot cities together with supporting policy guidelines.
Since then, pilot programs have expanded gradually across
different regions [31].

Smart city exposure is calculated as

smart

2 3)

Smart Exposure, = Nt
P

Where N ;’t"“” denotes the number of pilot cities in province p in
year t, and N' g’t“l denotes the total number of cities within province.

This measure reflects the spatial diffusion of smart city initiatives
within provinces (Equation 3). The indicator implicitly assumes that
each pilot city contributes equally to provincial exposure. In
practice, however, cities differ in fiscal capacity, governance
capability, and digital infrastructure conditions. The variable
should therefore be interpreted as a measure of policy diffusion
rather than a direct measure of implementation intensity. This
limitation is discussed further in the Discussion section.

This operationalization implicitly assumes that each smart city
pilot contributes equally to the provincial level of smart city exposure.
However, in practice, cities differ substantially in fiscal capacity,
governance capability, and digital infrastructure conditions, which
may lead to variations in the intensity and effectiveness of policy
implementation [32]. Therefore, the smart city exposure indicator used
in this study should be interpreted primarily as a measure of the spatial
diffusion of smart city policies rather than a precise measure of
implementation quality. This measurement limitation is further
discussed in the Discussion section.

Figure 1 illustrates the spatial distribution of smart city exposure
across Chinese provinces. The map uses quantile classification to
group provinces into five exposure levels. Considerable regional
variation is observed. Provinces with larger urban systems tend to
show higher exposure levels, while several western regions display
relatively low exposure.

Control variables

Several time-varying provincial characteristics are included to
account for potential confounding factors. These variables represent
key aspects of economic development, population structure, and
fiscal capacity.

Economic development is measured by GDP per capita [33].
Urbanization rate reflects population concentration and demand for
public services [34]. Population density captures differences in
healthcare utilization pressure and the spatial distribution of
medical resources. Fiscal capacity is measured by per capita fiscal
expenditure, indicating local governments’ ability to finance healthcare
services and support digital governance initiatives.

These variables are widely used in empirical studies examining
healthcare system performance and public sector digitalization.

Statistical analysis

The association between smart city exposure and healthcare
system performance is estimated using a two-way fixed effects
(TWEFE) panel regression model:
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FIGURE 1

2013-2024.

Spatial distribution of smart city exposure across provincial regions. Smart City Development and Medical Service Performance Study, China,

MSPI,, = BSmartExposurey + pX,p + W, + At + €pr (4)

where MSPI,, denotes medical service performance in province
p and year t; Smart Exposure,, represents smart city exposure
and X, is a vector of time-varying control variables. Province
fixed effects provincial
characteristics, while year fixed effects(A,)capture nationwide
shocks affecting all provinces.

The model exploits within-province variation in smart city

(#p)account for time-invariant

exposure over time (Equation 4). Standard errors are clustered at
the provincial level to account for serial correlation.

Mechanism and robustness analysis

Potential mechanisms are examined using three indices derived
from the MSPI components: the service substitution index (SSI), the
quality improvement index (QII), and the health management index
(HMI). These indices correspond to the three conceptual
dimensions of healthcare system performance.

The SSI captures changes in healthcare utilization away from high-
intensity hospital-based services. The QII reflects improvements in
clinical outcomes and service quality. The HMI represents the
provision of preventive and population-oriented health services.

International Journal of Public Health

Examining these indices separately allows the analysis to assess
whether smart city development is associated with changes across
different dimensions of healthcare system performance.

Results
Descriptive statistics

Table 1 presents descriptive statistics for the main variables used in
the empirical analysis. The final sample consists of 31 provinces observed
from 2013 to 2024, yielding a total of 372 province-year observations.

The Medical Service Performance Index (MSPI) shows
substantial variation across provinces and over time. The index
ranges from —2.11 to 2.54, with a standard deviation of 0.873. This
dispersion suggests considerable heterogeneity in healthcare system
performance across Chinese provinces. Such variation reflects
differences not only in healthcare utilization patterns but also in
service quality and preventive health management coverage.

Smart city exposure also exhibits considerable variation across
provinces. The variable ranges from 0 to 1, with an average value of
0.412 and a standard deviation of 0.271. This pattern reflects the
gradual expansion of China’s national smart city pilot program since
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TABLE 1 Descriptive statistics of main variables used in the empirical analysis. Smart City Development and Medical Service Performance Study, China, 2013-

10.3389/ijph.2026.1609627

2024.
Variable N Mean Std. Dev. Min Max
Medical service performance index (MSPI) 372 0.000 0.873 -2.11 2.54
Smart city exposure 372 0.412 0.271 0.000 1.000
GDP per capita (RMB) 372 67,834 37,215 14,532 189,332
Urbanization rate 372 0.612 0.124 0.350 0.890
Population density(persons/km?) 372 458.7 612.3 8.4 3,847.6
Fiscal expenditure per capita (RMB) 372 12,654 5402 4,133 34,222

Smart city exposure measures the proportion of smart city pilot cities within each province.

TABLE 2 Association between smart city exposure and medical service performance based on two-way fixed effects regression models. Smart City

Development and Medical Service Performance Study, China, 2013-2024.

Variables (1) (2) 3)
Smart city exposure 0.182%** 0.135%* 0.109*
GDP per capita 0.214%* 0.207%*
Urbanization 0.165%* 0.149*
Population density 0.031 0.028
Fiscal expenditure 0.097* 0.083
Province FE Yes Yes Yes
Year FE Yes Yes Yes
Observations 372 372 372
R’ 0.41 0.48 0.51

Robust standard errors clustered at the provincial level are reported in parentheses. *, **, and *** denote statistical significance at the 10%, 5%, and 1% levels, respectively.

its launch in 2013. In the early years of the program, several
provinces recorded zero exposure because no cities had yet been
designated as pilot cities. As additional cities were gradually
incorporated into the program, the exposure level increased
across many provinces, generating both cross-sectional and
temporal variation suitable for panel analysis.

The control variables further illustrate the diversity of regional
socioeconomic conditions. GDP per capita varies widely, ranging from
14,532 RMB to 189,332 RMB. Urbanization rates range from 0.35 to
0.89, reflecting large differences in the spatial distribution of population
and infrastructure across provinces. Population density also varies
substantially, from sparsely populated western regions to highly
concentrated coastal provinces. Fiscal expenditure per capita ranges
from 4,133 RMB to 34,222 RMB, indicating significant variation in
local government fiscal capacity. These disparities underscore the
importance of controlling for regional socioeconomic conditions
when examining the relationship between smart city development
and healthcare system performance.

Baseline results
Table 2 reports the baseline estimates from the two-way fixed

effects models examining the relationship between smart city
exposure and medical service performance.

International Journal of Public Health

In the baseline specification (column 1), smart city exposure is
positively associated with MSPI, with a coefficient of 0.182, which is
statistically significant at the 1% level. This result suggests that
provinces with greater exposure to smart city initiatives tend to
exhibit higher levels of healthcare system performance.

After introducing socioeconomic control variables (column 2),
the estimated coefficient decreases to 0.135, although it remains
statistically significant at the 5% level. The reduction in magnitude
suggests that part of the baseline association may reflect underlying
regional economic and demographic characteristics.

When additional controls are included (column 3), the
coefficient further declines to 0.109, remaining statistically
significant at the 10% level. Despite the gradual decline in
magnitude across specifications, the coefficient remains
consistently positive, indicating a stable association between
smart city development and healthcare system performance.

The control variables also exhibit patterns broadly consistent with
theoretical expectations. GDP per capita is positively associated with
MSPI, suggesting that economically more developed provinces tend to
possess stronger healthcare infrastructure and service capacity.
Urbanization rate also shows a positive and statistically significant
relationship with MSPI, which may reflect improved access to
healthcare services and more efficient allocation of medical
resources in more urbanized regions. Fiscal expenditure per capita
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TABLE 3 Relationship between smart city exposure and mechanism indicators of healthcare system performance. Smart City Development and Medical Service

Performance Study, China, 2013-2024.

Variables Healthcare service substitution

Care quality improvement

Preventive health management

Smart city exposure —0.120%** 0.135%%* 0.184***
Controls Yes Yes Yes
Province fixed effects Yes Yes Yes
Year fixed effects Yes Yes Yes
Province-specific trends No No Yes
Observations 372 372 372
R-squared 0.46 0.44 0.52

Service substitution reflects changes in healthcare utilization structure. Quality improvement reflects improvements in clinical outcomes. Health management captures preventive health service

capacity. Statistical significance is denoted as follows: *p < 0.10, **p < 0.05, and ***p < 0.01.

displays a weakly positive relationship with healthcare performance,
indicating that stronger fiscal capacity may support public health
service provision. In contrast, population density does not exhibit a
statistically significant relationship with MSPI in the baseline models.

Overall, the baseline results provide consistent evidence that
greater exposure to smart city initiatives is associated with improved
healthcare system performance at the provincial level.

Mechanism analysis

To explore the potential channels through which smart city
development may influence healthcare system performance, the
analysis further examines three mechanism-based indices: service
substitution (SSI), quality improvement (QII), and health management
(HMI). These indices correspond to the three conceptual dimensions
underlying the Medical Service Performance Index.

Table 3 indicates that smart city exposure is significantly
associated with all three mechanism indicators. The coefficient
for the service substitution index is —0.120 and statistically
significant at the 1% level. This negative association suggests that
smart city initiatives may reduce reliance on high-intensity facility-
based healthcare services, possibly by facilitating the use of digital
health platforms, remote consultations, and other forms of non-
hospital-based medical services.

In contrast, smart city exposure is positively associated with both
the quality improvement index and the health management index.
The coefficient for quality improvement is 0.135, while the
coefficient for health management is 0.184, both statistically
significant at the 1% level. These findings suggest that smart city
development may contribute to improvements in clinical service
outcomes as well as the expansion of preventive health
management services.

Province-specific trends are included in the health management
specification to account for potential long-term regional
development trajectories that may influence preventive healthcare
services. The inclusion of this specification helps ensure that the
estimated relationship between smart city exposure and health
management capacity is not driven by long-term regional trends
unrelated to digital governance initiatives.

Taken together, these results suggest that smart city development
may influence healthcare system performance through multiple

International Journal of Public Health

complementary channels related to healthcare utilization patterns,
service quality, and preventive health management.

Mechanism decomposition

Table 4 further evaluates whether these mechanisms account for
the relationship between smart city exposure and overall healthcare
system performance. In this specification, the three mechanism
indices are introduced simultaneously into the baseline MSPI
regression model.

The results show that all three mechanism variables are
significantly associated with MSPI. The coefficients for the service
substitution index, quality improvement index, and health
management index are 0.283, 0.314, and 0.418 respectively, all
statistically significant at the 1% level. These findings indicate
that improvements in healthcare utilization structure, service
quality, and preventive health management are closely related to
overall healthcare system performance.
in the
regression model, the coefficient for smart city exposure

Once these mechanism variables are included
decreases substantially and becomes statistically insignificant.
This pattern suggests that the association between smart city
development and healthcare system performance operates
primarily through the mechanisms captured by these indices
rather than through a direct effect.

Overall, the results support the view that smart city initiatives
influence healthcare systems through structural changes in service
delivery and health management rather than through isolated
technological interventions.

Robustness checks

To assess the stability of the baseline findings, Table 5 reports a
series of robustness checks using alternative model specifications.
Across these models, the estimated coefficient for smart city
exposure remains positive and statistically significant.

The estimated coefficients range from 0.118 to 0.167 across
specifications and remain statistically significant at either the 10% or
5% level. Although the magnitude of the coefficients is slightly
smaller than in the baseline models, the direction and significance of
the relationship remain consistent.
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TABLE 4 Mediation analysis examining the mechanisms linking smart city
exposure and medical service performance. Smart City Development and
Medical Service Performance Study, China, 2013-2024.

Variables Health management index

Smart city exposure 0.071
Service substitution index 0.283***
Quality improvement index 0.314%¢
Health management index 0.418***
Controls Yes
Province FE Yes
Year FE Yes
Observations 372
R? 0.63

Mechanism variables capture three underlying dimensions of healthcare system
performance. Statistical significance is denoted as follows: *p < 0.10, **p < 0.05, and ***p
< 0.01.

These results indicate that the positive association between
smart city exposure and healthcare system performance is robust
to alternative model specifications. Taken together with the baseline
and mechanism analyses, the evidence suggests that the diffusion of
smart city initiatives is systematically associated with improvements
in healthcare system performance across Chinese provinces. These
results provide further support for the main empirical finding that
higher levels of smart city exposure are associated with improved
medical service performance.

Discussion

Recent research has increasingly emphasized the role of digital
transformation in shaping healthcare system performance. Existing
studies have identified a range of institutional and structural factors
associated with healthcare outcomes, including government health
expenditure [35], coordination between local governments and
healthcare institutions, private-sector participation [36], regional
[37], healthcare
development [38], the allocation of health human resources [39],

governance  arrangements infrastructure
and patient engagement in healthcare decision-making [40]. While

these studies provide important insights, digitalization is often

10.3389/ijph.2026.1609627

conceptualized primarily at the level of medical technologies or
hospital information systems. In comparison, relatively limited
attention has been devoted to how broader digital governance
transformations at the urban level may influence healthcare systems.

Against this background, this study provides new empirical
evidence from China linking smart city development to healthcare
system performance. Using province-level panel data from 2013 to
2024 and a two-way fixed effects framework, the results show that
provinces with higher levels of smart city exposure tend to achieve better
medical service performance. In the baseline models, the estimated
coefficient of smart city exposure ranges from 0.109 to 0.182 across
specifications, indicating a stable positive association even after
and fiscal
characteristics. These findings suggest that the implications of
digitalization for healthcare systems extend beyond the adoption of

controlling  for  socioeconomic,  demographic,

isolated medical technologies and may instead emerge through broader
governance transformations associated with smart city initiatives.
The mechanism analysis provides further insight into the pathways
through which smart city development may influence healthcare system
performance. Rather than operating through a single channel, the
results indicate that smart city exposure is associated with changes
across several functional dimensions of healthcare systems. In
particular, the negative coefficient for the service substitution index
(-0.120) suggests a gradual shift away from high-intensity, hospital-
centered care toward more appropriate patterns of healthcare
utilization. At the same time, the positive associations observed for
both the quality improvement index (0.135) and the health
management index (0.184) indicate improvements in clinical
outcomes and the expansion of preventive health services. These
findings imply that smart city initiatives may enhance healthcare
performance through improvements in information integration,
service coordination, and population-oriented health management.
The results also carry several policy implications. The positive
association between smart city exposure and healthcare system
performance suggests that digital governance initiatives may play
an important role in strengthening the functioning of public service
systems. In particular, the relatively strong relationship observed for
the health management dimension highlights the potential of smart
city initiatives to improve preventive healthcare and community-
based health management services. These functions are increasingly
important in contexts characterized by population aging and a rising
burden of chronic diseases. Moreover, the improvements observed
in healthcare utilization patterns and service quality suggest that
digital governance reforms may contribute to better coordination of

TABLE 5 Robustness checks of the baseline regression results examining the relationship between smart city exposure and medical service performance.
Smart City Development and Medical Service Performance Study, China, 2013-2024.

Variables (1) 2) (3)
Smart city exposure 0.167** 0.142%¢ 0.118*
Controls Yes Yes Yes
Province FE Yes Yes Yes
Year FE Yes Yes Yes
Observations 372 372 372
R’ 0.45 0.47 0.49

Robust standard errors clustered at the provincial level are reported in parentheses. Statistical significance is denoted as follows: *p < 0.10, **p < 0.05, and ***p < 0.01.

International Journal of Public Health

Owned by the Swiss School of Public Health (SSPH+)
Published by Frontiers



Shao et al.

healthcare resources and more efficient service delivery, rather than
simply expanding the volume of healthcare services.

Despite these contributions, several limitations should be
acknowledged. One potential concern relates to policy selection bias
in the designation of smart city pilot cities. Cities with stronger fiscal
capacity, more advanced digital infrastructure, and higher governance
capability may be more likely to be selected as national smart city pilots.
Although the empirical models control for a range of socioeconomic
characteristics and include both province and year fixed effects,
unobserved time-varying factors may still simultaneously influence
smart city development and healthcare system performance.
Therefore, the estimated relationships in this study should be
interpreted primarily as statistical associations rather than strict
causal effects.

In addition, the smart city exposure indicator used in this study
captures the proportion of pilot cities within a province but does not
directly reflect differences in the implementation intensity or
governance quality of smart city initiatives across cities. Some pilot
cities may invest more resources or pursue deeper digital governance
reforms than others. As a result, the indicator should be interpreted
mainly as a measure of policy diffusion rather than a precise measure of
implementation effectiveness. Future research could build on this
study by using more granular data at the city or healthcare facility
level to further examine the mechanisms linking digital governance
and healthcare system performance. Additional work could also
explore longer-term health outcomes and investigate how
institutional design and local governance capacity shape the
effectiveness of smart city initiatives in different regional contexts.

Conclusion

This study provides province-level evidence from China that smart
city development is positively associated with medical service
performance. Provinces with higher exposure to smart city
initiatives consistently exhibit better overall performance of medical
service systems, as reflected in the composite Medical Service
Performance Index.

The results indicate that these improvements are not limited to
changes in service volume, but are linked to broader enhancements
in service coordination, care quality, and preventive health
management. Rather than functioning as isolated technological
upgrades, smart city initiatives appear to support medical service
systems by improving the integration of information, governance
capacity, and population-oriented service delivery.

From a policy perspective, the findings suggest that smart city
development may contribute to health system strengthening when
digital governance tools are aligned with primary care and
preventive services. In contexts characterized by rapid urbanization
and uneven healthcare capacity, integrating smart city strategies into
health system planning may offer a complementary pathway to
improving medical service performance. Future research using more
granular data could further clarify how local implementation and
institutional design shape these effects.

International Journal of Public Health

09

10.3389/ijph.2026.1609627

Data availability statement

The data used to support the findings of this study are available
from the corresponding author upon request.

Ethics statement

This study relies exclusively on publicly available, aggregated
secondary data and does not involve human participants or
identifiable personal information; therefore, ethical approval and
informed consent were not required.

Author contributions

XS: conceptualization, methodology, formal analysis, data
curation, writing — original draft. XL: validation, formal analysis,
writing — review and editing. JC: resources, writing — review and
BY: project
acquisition, writing - review and editing. All authors contributed

editing. supervision, administration, funding

to the article and approved the submitted version.

Funding

The author(s) declared that financial support was received for
this work and/or its publication. This work was supported by the
Leshan Normal University Scientific Research Start-up Project for
Introducing High-level Talents (grant numbers RC2025063).

Conflict of interest

The authors declare that they do not have any conflicts
of interest.

Generative Al statement

The author(s) declared that generative AI was used in the
creation of this manuscript. During the preparation of this work
the authors used Gemini Pro (a large language model by
Google) in order to assist with English language translation
and improve the grammar, clarity, and style of the manuscript.
After using the tool, the authors reviewed and edited all content
for accuracy and take full responsibility for the content of this
publication.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Owned by the Swiss School of Public Health (SSPH+)
Published by Frontiers



Shao et al.

References

1. Ghazal TM, Hasan MK, Alshurideh MT, Alzoubi HM, Ahmad M, Akbar SS, et al. IoT
for smart cities: machine learning approaches in smart healthcare—A review. Future
Internet (2021) 13(8):218. doi:10.3390/fi13080218

2. Tan SY, Taeihagh A. Smart city governance in developing countries: a systematic
literature review. Sustainability (2023) 12(3):899. doi:10.3390/su12030899

3. Endeshaw B. Healthcare service quality-measurement models: a review. ] Health Res
(2021) 35(2):106-17. doi:10.1108/JHR-07-2019-0152

4. Zhong L, Deng X. A cloud and IoT-enabled workload-aware healthcare framework
using ant colony optimization algorithm. IJACSA Int ] Adv Comp Sci Appl (2023) 14(3):
824-34. doi:10.14569/IJACSA.2023.0140394

5. Alahi MEE, Sukkuea A, Tina FW, Nag A, Kurdthongmee W, Suwannarat K, et al.
Integration of IoT-Enabled technologies and artificial intelligence (AI) for smart city
scenario: recent advancements and future trends. Sensors (2023) 23(11):5206. doi:10.
3390/s23115206

6. Shamsuddin S, Srinivasan S. Just smart or just and smart cities? Assessing the
literature on housing and information and communication technology. Housing Policy
Debate (2021) 31(1):127-50. doi:10.1080/10511482.2020.1719181

7.Braun T, Fung BC, Igbal F, Shah B. Security and privacy challenges in smart cities. Sust
Cities Soc (2018) 39:499-507. doi:10.1016/j.5¢s.2018.02.039

8. Johnson PA, Acedo A, Robinson PJ. Canadian smart cities: are we wiring new citizen-
local government interactions? Can Geographer/le Géographe Canadien (2020) 64(3):
402-15. doi:10.1111/cag.12623

9. Syed AS, Sierra-Sosa D, Kumar A, Elmaghraby A. IoT in smart cities: a survey of
technologies, practices and challenges. Smart Cities (2021) 4(2):429-75. doi:10.3390/
smartcities4020024

10. Mora L, Deakin M, Reid A. Combining co-citation clustering and text-based analysis
to reveal the main development paths of smart cities. Technol Forecast Soc Change (2019)
142:56-69. doi:10.1016/j.techfore.2018.07.019

11. Kumar H, Singh MK, Gupta MP, Madaan J. Moving towards smart cities: solutions
that lead to the smart city transformation framework. Technol Forecast Soc Change
(2020) 153:119281. doi:10.1016/j.techfore.2018.04.024

12. Komninos N, Kakderi C, Mora L, Panori A, Sefertzi E. Towards high impact smart
cities: a universal architecture based on connected intelligence spaces. ] Knowl Econ
(2022) 13:1169-97. doi:10.1007/s13132-021-00767-0

13. Martin JL, Varilly H, Cohn J, Wightwick GR. Preface: technologies for a smarter
planet. IBM ] Res Develop (2010) 54(4):1-2. doi:10.1147/JRD.2010.2051498

14. Sanchez-Corcuera R, Nufiez-Marcos A, Sesma-Solance J, Bilbao-Jayo A, Mulero R,
Zulaika U, et al. Smart cities survey: technologies, application domains and challenges
for the cities of the future. Int ] Distributed Sensor Networks (2019) 15(6):
1550147719853984. doi:10.3390/app14177823

15. Silva BN, Khan M, Han K. Towards sustainable smart cities: a review of trends,
architectures, components, and open challenges in smart cities. Sust Cities Society (2018)
38:697-713. doi:10.1016/j.5¢cs.2018.01.053

16. Barns S, Cosgrave E, Acuto M, Mcneill D. Digital infrastructures and urban
governance. Urban Policy Research (2017) 35(1):20-31. doi:10.1080/08111146.2016.
1235032

17. Kruk ME, Freedman LP. Assessing health system performance in developing
countries: a review of the literature. Health Policy (2008) 85(3):263-76. d0i:10.1016/j.
healthpol.2007.09.003

18. Apell P, Eriksson H. Artificial intelligence (AI) healthcare technology
innovations: the current state and challenges from a life science industry
perspective. Technol Anal and Strateg Manage (2023) 35(2):179-93. doi:10.
1080/09537325.2021.1971188

19. Hassan M, Kushniruk A, Borycki E. Barriers to and facilitators of artificial
intelligence adoption in health care: scoping review. JMIR Hum Factors (2024) 11:
e48633. doi:10.2196/48633

20. Campbell SM, Roland MO, Buetow SA. Defining quality of care. Social Science and
Medicine (2000) 51(11):1611-25. doi:10.1016/S0277-9536(00)00057-5

International Journal of Public Health

10

10.3389/ijph.2026.1609627

21. Birgel V, Decker L, Roeding D, Walter U. Community capacity for prevention and
health promotion: a scoping review on underlying domains and assessment methods.
Syst Reviews (2023) 12(1):147. doi:10.1186/s13643-023-02314-1

22. Trencher G, Karvonen A. Stretching “smart™ advancing health and well-being
through the smart city agenda//Smart and Sustainable Cities? Pipedreams, Practicalities
and Possibilities. London: Routledge (2020). p. 54-71. doi:10.1080/13549839.2017.
1360264

23. Zschippig C, Kluss T. Gardening in ambient assisted living. Urban Forestry and
Urban Greening (2016) 15:186-9. doi:10.1016/j.ufug.2015.12.008

24. Righi V, Sayago S, Blat J. Urban ageing: technology, agency and community in
smarter cities for older people. In: Proceedings of the 7th international conference on
communities and technologies (2015). p. 119-28.

25. Abujudeh HH, Kaewlai R, Asfaw BA, Thrall JH. Quality initiatives: key performance
indicators for measuring and improving radiology department performance.
Radiographics (2010) 30(3):571-80. doi:10.1148/rg.303095761

26. Upadhyai R, Jain AK, Roy H, Pant V. A review of healthcare service quality
dimensions and their measurement. | Health Manage (2019) 21(1):102-27. doi:10.1177/
09720634188225

27. Donabedian A. The quality of care: how can it be assessed? Jama (1988) 260(12):
1743-8. d0i:10.1001/jama.1988.03410120089033

28. World Health Organization. Everybody’s business: strengthening health systems to
improve health outcomes: WHO’s framework for action (2007).

29. Murray CJL, Frenk J. A framework for assessing the performance of health systems.
Bull World Health Organ (2000) 78:717-31. doi:10.1590/S0042-96862000000600004

30. Guo L, Chai Y, Yang C, Zhang L, Guo H, Yang H. Has smart city transition elevated
the provision of healthcare services? Evidence from China’s smart city pilot policy.
Digital Health (2023) 9:20552076231197335. doi:10.1177/20552076231197335

31. Moulaei K, Yadegari A, Baharestani M, Farzanbakhsh S, Sabet B, Reza Afrash M.
Generative artificial intelligence in healthcare: a scoping review on benefits, challenges
and applications. Int ] Med Inform (2024) 188:105474. doi:10.1016/j.ijmedinf.2024.
105474

32. Zhou M, Liu H, Wang Z. Can smart city construction promote the level of public
services? Quantitative evidence from China. IEEE Access (2022) 10:120923-35. doi:10.
1109/ACCESS.2022.3221759

33. Dédecek R, Dudzich V. Exploring the limitations of GDP per capita as an indicator of
economic development: a cross-country perspective. Rev Econ Perspect (2022) 22(3):
193-217. doi:10.2478/revecp-2022-0009

34. McCullough JM, Singh SR, Leider JP. The importance of governmental and
nongovernmental investments in public health and social services for improving
community health outcomes. J Public Health Manag Pract (2019) 25:348-56. doi:10.
1097/PHH.0000000000000856

35. Zhou Y, Zhao K, Han ], Zhao S, Cao J. Geographical pattern evolution of health
resources in China: spatio-temporal dynamics and spatial mismatch. Trop Med Infect
Dis (2022) 7:92. doi:10.3390/tropicalmed7100292

36. Lee JH, Hancock MG, Hu M-C. Towards an effective framework for building smart
cities: lessons from Seoul and San Francisco. Technol Forecast Soc Change (2014) 89:
80-99. doi:10.1016/j.techfore.2013.08.033

37. Wang D, Cao X, Huang X. Equity of accessibility to health care services and
identification of underserved areas. Chin Geogr Sci (2021) 31:167-80. doi:10.1007/
511769-021-1181-0

38. Sharifi A, Khavarian-Garmsir AR, Kummitha RKR. Contributions of smart city
solutions and technologies to resilience against the COVID-19 pandemic: a literature
review. Sustainability (2021) 13:8018. doi:10.3390/su13148018

39. Fu S, Liu Y, Fang Y. Measuring the differences of public health service facilities and
their influencing factors. Land (Basel) (2021) 10:1225. doi:10.3390/land10111225

40. Solanas A, Patsakis C, Conti M, Vlachos I, Ramos V, Falcone F, et al. Smart health: a
context-aware health paradigm within smart cities. IEEE Commun Mag (2014) 52(8):
74-81. doi:10.1109/MCOM.2014.6871673

Owned by the Swiss School of Public Health (SSPH+)
Published by Frontiers


https://doi.org/10.3390/fi13080218
https://doi.org/10.3390/su12030899
https://doi.org/10.1108/JHR-07-2019-0152
https://doi.org/10.14569/IJACSA.2023.0140394
https://doi.org/10.3390/s23115206
https://doi.org/10.3390/s23115206
https://doi.org/10.1080/10511482.2020.1719181
https://doi.org/10.1016/j.scs.2018.02.039
https://doi.org/10.1111/cag.12623
https://doi.org/10.3390/smartcities4020024
https://doi.org/10.3390/smartcities4020024
https://doi.org/10.1016/j.techfore.2018.07.019
https://doi.org/10.1016/j.techfore.2018.04.024
https://doi.org/10.1007/s13132-021-00767-0
https://doi.org/10.1147/JRD.2010.2051498
https://doi.org/10.3390/app14177823
https://doi.org/10.1016/j.scs.2018.01.053
https://doi.org/10.1080/08111146.2016.1235032
https://doi.org/10.1080/08111146.2016.1235032
https://doi.org/10.1016/j.healthpol.2007.09.003
https://doi.org/10.1016/j.healthpol.2007.09.003
https://doi.org/10.1080/09537325.2021.1971188
https://doi.org/10.1080/09537325.2021.1971188
https://doi.org/10.2196/48633
https://doi.org/10.1016/S0277-9536(00)00057-5
https://doi.org/10.1186/s13643-023-02314-1
https://doi.org/10.1080/13549839.2017.1360264
https://doi.org/10.1080/13549839.2017.1360264
https://doi.org/10.1016/j.ufug.2015.12.008
https://doi.org/10.1148/rg.303095761
https://doi.org/10.1177/09720634188225
https://doi.org/10.1177/09720634188225
https://doi.org/10.1001/jama.1988.03410120089033
https://doi.org/10.1590/S0042-96862000000600004
https://doi.org/10.1177/20552076231197335
https://doi.org/10.1016/j.ijmedinf.2024.105474
https://doi.org/10.1016/j.ijmedinf.2024.105474
https://doi.org/10.1109/ACCESS.2022.3221759
https://doi.org/10.1109/ACCESS.2022.3221759
https://doi.org/10.2478/revecp-2022-0009
https://doi.org/10.1097/PHH.0000000000000856
https://doi.org/10.1097/PHH.0000000000000856
https://doi.org/10.3390/tropicalmed7100292
https://doi.org/10.1016/j.techfore.2013.08.033
https://doi.org/10.1007/s11769-021-1181-0
https://doi.org/10.1007/s11769-021-1181-0
https://doi.org/10.3390/su13148018
https://doi.org/10.3390/land10111225
https://doi.org/10.1109/MCOM.2014.6871673

	Smart city development and medical service performance: evidence from a province-level panel study in China
	Introduction
	Smart cities as digital governance
	A multidimensional perspective on healthcare system performance
	Smart cities and healthcare system performance

	Methods
	Data sources
	Medical service performance
	Key explanatory variable
	Control variables
	Statistical analysis
	Mechanism and robustness analysis

	Results
	Descriptive statistics
	Baseline results
	Mechanism analysis
	Mechanism decomposition
	Robustness checks

	Discussion
	Conclusion

	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	References


