
Citation: Du, X.; Liu, M.; Luo, S.

Exploring Equity in a Hierarchical

Medical Treatment System: A Focus

on Determinants of Spatial

Accessibility. ISPRS Int. J. Geo-Inf.

2023, 12, 318. https://doi.org/

10.3390/ijgi12080318

Academic Editor: Wolfgang Kainz

Received: 9 May 2023

Revised: 21 July 2023

Accepted: 28 July 2023

Published: 1 August 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

 International Journal of

Geo-Information

Article

Exploring Equity in a Hierarchical Medical Treatment System:
A Focus on Determinants of Spatial Accessibility
Xishihui Du 1 , Maohua Liu 1 and Siqi Luo 2,3,*

1 School of Transportation and Geomatics Engineering, Shenyang Jianzhu University, Shenyang 110168, China;
duxishihui12@mails.ucas.ac.cn (X.D.); cemhliu@sjzu.edu.cn (M.L.)

2 Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences, Changchun 130102, China
3 College of Resources and Environment, University of Chinese Academy of Sciences, Beijing 100049, China
* Correspondence: luosiqi@iga.ac.cn

Abstract: It is essential to understand the spatial equity of healthcare services to achieve the Sus-
tainable Development Goals. Spatial and non-spatial factors affect access to healthcare, resulting in
inequality in the hierarchical medical treatment system. Thus, to provide a comprehensive equity
evaluation, it is indispensable to investigate the extent to which spatial accessibility to healthcare
services varies due to various factors. This study attempted to analyze the determinants of healthcare
accessibility under multi-trip modes and integrate them into Theil index, as a demand index to
evaluate spatial equity in the system. The results reveal an inadequate and inequitable distribution
of healthcare resources. While access to primary hospitals is limited (47.37% of residential locations
cannot access them on foot), 96.58% of residential locations can access general and tertiary hospitals
via public transport or driving. Furthermore, inequitable access to the three-tiered medical system
was evaluated on a more granular scale, with primary hospitals being closest to achieving equity (in-
equitable for only 48.83% of residential locations), followed by general and tertiary hospitals (82.01%
and 89.20%, respectively). The unequal residential locations brought on by an abundance of medical
resources are far from those with a shortage of resources (66.86% > 5.34%). It is thus suggested that
services be expanded or resources be transferred to move toward a more equitable system. Our
findings provide policymakers with insights into how to increase accessibility to public health.

Keywords: accessibility; equity; hierarchical medical treatment system; determinants of accessibility

1. Introduction

Healthcare services play a vital role in health security for citizens and the achieve-
ment of the United Nations’ Sustainable Development Goals (SDGs) [1,2]. In China, the
acceleration of urbanization and the excessive agglomeration of residents in urban areas
have placed enormous pressure on the healthcare system [3,4]. For this reason, in 2015,
the Ministry of Health undertook medical reform and established a hierarchical medical
treatment system [5]. This multi-tier healthcare system distributes diagnosis and treatment
services to facilities with specialized functions and service capabilities to prevent the mis-
use of healthcare resources. It has been recommended that individuals requiring general
treatment, disease prevention services, family therapy, and health education visit a primary
health center for medical care; those with more complex medical needs should be referred
to a superior hospital, thus aiming to prevent the overutilization of upper-tier hospitals
when unnecessary [6]. Nevertheless, medical services are not structured within a gatekeep-
ing and two-directional referral network, meaning that people have a degree of autonomy
when choosing to access superior hospitals for initial diagnosis and treatment services [7–9].
It remains to be seen whether the implementation of this hierarchical treatment system will
be efficacious in improving access to healthcare. Hence, the quantification of healthcare
service availability and utilization is essential in order to assess the efficacy of multi-tier
hospital systems.
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Equity matters for every social group because it raises opportunities and supports
the rights that should be available to every individual within a population. Spatial equity
focuses on differences in the services utilization by different regions or social groups from
the perspective of supply and demand, which could quantify the utilization for healthcare
services. Inequity may lead to the inadequate supply of healthcare resources, thereby
failing to meet the health needs of the population, particularly among vulnerable groups.
Quantifying spatial accessibility is the foundation for measuring spatial equity in healthcare
provision [10]. As such, the spatial equity of public services based on accessibility has
been widely studied [11,12]. Accessibility refers to the ease of traveling from one place to
another and is regarded as a critical indicator of the public service capacity [13]. Various
approaches have been developed to measure accessibility in recent decades, with four main
categories: opportunity-, gravity-, person-, and utility-based methods [14,15]. Of these, the
two-step floating catchment area (2SFCA) method has been widely adopted in the research
on accessibility because it accurately estimates the demand for healthcare services from res-
idential locations and then allocates the services back to these locations, taking into account
the balance between supply and demand. Travel-cost information is also an important
component of accessibility evaluation, with the use of a static travel speed being the most
common approach for road-network-based accessibility calculations [16–18]. However,
the assumption that the travel speed is constant fails to capture the reality of residential
travel choices, which are sensitive to dynamic traffic patterns and are inherently hetero-
geneous [19]. Route-planning data provide more accurate fine-scale travel information,
such as routes, time, costs, speed limits, traffic jams, and one-way streets, thus enabling
researchers to conduct more detailed research on accessibility related to green spaces [20],
job opportunities [21], and health services [22]. Consequently, route-planning data have
become more widely employed in accessibility analyses to accurately quantify the accessi-
bility of multi-tier healthcare services and avoid the misleading findings that arise from the
limitations of traditional network analyses. Moreover, individuals often adopt different
trip modes to access services in their daily lives. Thus, it is necessary to measure spatial
accessibility based on multiple trip modes to accurately reflect accessibility status [23].

The disparities in access to public services are affected by a variety of spatial (e.g.,
geographic location or surrounding environment) and non-spatial factors (e.g., socioeco-
nomic and demographic characteristics) that are likely to limit healthcare opportunities,
thereby leading to disparities in the equitable allocation [24–30]. The travel distance
to public services depends on their geographic location and has a negative correlation
with the accessibility [31]. Heavy traffic, especially at peak times, increases the travel
cost to healthcare services, influencing the accessibility of healthcare facilities in the city
center [32]. It has also been shown that public transport (PT) [33], income [34], the popula-
tion distribution [35,36], and demographic statuses [37] affect access to public services. To
evaluate the equity of access to healthcare services, it is essential to analyze whether and to
what degree the difference in healthcare accessibility aligns with variations in both spatial
and non-spatial factors [38–42]. However, most studies tend to focus on only a particular
factor to describe service demands, while disregarding other potential and comprehensive
demands. Consequently, taking into account the determinants of spatial accessibility and
obtaining a comprehensive view of demands can provide an all-encompassing evaluation
of the equity of public services for urban residents.

To fill in the gap, this paper endeavors to incorporate the determining of healthcare
accessibility into the assessment of equity to characterize local demands. The central urban
area of Shenyang was selected as the case-study site to explore the spatial equity of the
hierarchical medical system, as it is the largest new first-tier city in Northeast China and
has experienced the strong centralization of its healthcare services. Route-planning data
taken from an Internet map application were first used to accurately determine the spatial
accessibility of different tiers of healthcare facilities, using 2SFCA, in terms of walking,
PT, and driving. Secondly, to identify determinants and quantify their impact on the
accessibility of these hospitals, variables related to the location, neighborhood, income, and
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population were analyzed using the GeoDetector. Finally, the Theil index incorporated
the determinants related to spatial accessibility to evaluate spatial equity in the access to
the multi-tier hospital system. This paper thus provides a more comprehensive evaluation
of equity for multi-tier medical resources, which would be helpful in identifying and
optimizing areas with health resource shortages and in building more livable cities.

The remainder of this paper is organized as follows. Section 2 introduces the study
area, data processing, and methodology used in this study, while Section 3 describes
the research results in detail. Section 4 then discusses the results, and a conclusion and
suggestions for future work are presented in Section 5.

2. Materials and Methods
2.1. Study Area

Shenyang, the capital of Liaoning Province, China, is a megacity with a population
of over 9 million people. The entire administrative region of Shenyang consists of nine
districts and three counties and one county-level city. In this study, we chose the central
urban area of Shenyang as our study area, which contains nine districts covering an area
of 1353 km2 (Figure 1). As one of the national metropolitan areas in China, population,
transport, and medical conditions in Shenyang matter to neighboring cities. According to
the 2020 census, its population was recorded as 9.07 million, with 11.40% of the population
aged between 0 and 14 and 23.24% aged over 60. In terms of transport, the current
construction of a high-speed railway network can guarantee that residents can reach
the main cities of Mid-Southern Liaoning, Beijing–Tianjin–Hebei, and Ha-Chang urban
agglomerations within 2 h [43]. In addition, the current length of metro lines has reached
117 km, ranking 17th in China, and the length of bus lines has reached 5261 km [44].
However, some problems still remain, such as an unbalanced distribution of PT resources, a
large number of overlapping lines, and a low operational speed. Like other public resources,
health services are mainly concentrated in the central urban area, especially high-quality
hospitals. Medical facilities are the public services that most effectively ensure the well-
being of residents; thus, they should be well-distributed, making it crucial to accurately
measure the equity of healthcare services.
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(c) Overview of the central urban area.

2.2. Data Preprocessing

The data used in this study consist of three categories: location attribute data, multi-
tier hospital, and planning data. The location attribute data included geographic in-
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formation data from the AutoNavi Open Platform (https://lbs.amap.com, accessed on
10 January 2020), statistical data from the Shenyang Bureau of Statistics for 2020 (http:
//tjj.shenyang.gov.cn/, accessed on 18 November 2021), and nighttime light data from
Luojia 1-01 (http://www.hbeos.org.cn/, accessed on 17 March 2019). Projection conver-
sion, resampling, standardization, and other forms of preprocessing were conducted on
these data.

As the origin points, residential locations belong to location attribute data, which were
derived from the AutoNavi Open Platform, using the web crawler tool. To ensure the
accuracy, a Python program was used to get the coordinates of original residential points,
as well as their corresponding boundaries, and then vector boundary data were produced.
Finally, a total of 2601 residential points were captured using the boundary data and served
as the origin points for obtaining the route-planning data.

Hospital data were formed by the 232 public hospitals, which tend to be higher quality
and more likely to be part of the social insurance system than private or specialist hospitals.
Three tiers of hospitals were distinguished in the multi-tier system: 32 tertiary hospitals,
33 general hospitals, and 167 primary hospitals. The hospital information included their lo-
cation, taken from the AutoNavi Open Platform; and the number of hospital sickbeds, taken
from 99 Hospital Library (https://yyk.99.com.cn/, accessed on 25 December 2019), Drug-
dataexpy (https://db.yaozh.com/hmap, accessed on 25 December 2019), and “Community
Health Center Service Capacity Evaluation Guide (2019 Edition)”.

Route-planning data were derived from the AutoNavi Open Platform (https://restapi.
amap.com/v5/direction/transit?parameters, accessed on 10 January 2020), which allows
users to find the ideal routes according to predetermined routing strategies, e.g., shortest
time, lowest cost, or minimum transfers for transit in particular. The origin and destination
points were firstly transformed from GPS coordinates to AutoNavi coordinates, and then
a path-planning API was used to initiate the path-planning request of walking, PT and
driving modes taking the AutoNavi coordinates as parameters at 7 a.m.to 11 a.m. on
weekdays, of which the travel strategy selected the default recommendation mode after
the comprehensive weight, and it is the most likely to be used by residents [45]. In total,
772,497 routes with travel distances, times, fares, and routes information were produced.

2.3. Methodology

Based on the above data, this study first quantified the spatial accessibility of different
tiers of healthcare facilities using 2SFCA. Then, the GeoDetector was used to identify
determinants and quantify their impact on accessibility to different tiers hospitals. Finally,
the Theil index incorporated the determinants of spatial accessibility that were used to
evaluate spatial equity in the access to the multi-tier hospital system. The flowchart of this
paper is shown in Figure 2.
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2.3.1. Calculation of Accessibility under Multi-Trip Modes

The 2SFCA method was used to measure the accessibility of the hospitals based on the
real-time route-planning data, which accurately reflect the route information between each
residential location and the three tiers of hospitals. Based on the travel habits of residents,
the accessibility of primary hospitals was measured for walking, while the accessibility
of general and tertiary hospitals was measured for walking, PT, and driving. Using the
planned route data, accessibility was calculated using two steps [46]. The first step was the
calculation of the supply–demand ratio, Rj, for the three tiers of hospitals under the three
modes of travel. The catchment of the hospital, j, was defined as the area consisting of
all residential locations, k, within threshold time, d0, which was set to 15 min for walking,
1 h for PT, and 30 min for driving, in accordance with the spatial planning of community
life unit and previous studies [43,45,47,48]. The Rj for the catchment area was computed
using Equation (1):

Rj =
Sj

∑k∈{dij≤d0} Pk
(1)

where Sj represents the capacity of each hospital, j (measured as the number of sickbeds);
dij is the travel time between residential location, i, and hospital, j; and Pk is the residential
demand for the catchment.

The second step was the calculation of the accessibility for the hospitals under multi-
trip modes. All hospitals, j, within the threshold time, d0, for residential location i were
determined, and the Rj for these hospitals were summed (Equation (2)):

Ai = ∑
k∈{dij≤d0}

Rj (2)

where Ai is the final accessibility assigned to the residential location, i.
According to an investigation on citizens’ travel in Shenyang, we learn that the pro-

portions of walking, cycling, PT, and driving modes were 25%, 17.5%, 32.8%, and 24.7%,
respectively. Since this study only focuses on walking, PT, and driving modes, the above
proportions were recalculated to obtain the weights after omitting the cycling mode. For
the present study, these weights were 30.30%, 39.76%, and 29.94%, respectively. Compre-
hensive accessibility, CAi, was employed to quantify the multi-tier hospitals’ accessibility
under different travel modes [49], using Equation (3):

CAi = αAi,walking + βAi,PT + γAi,driving (3)

where α, β, and γ are weights for the three travel modes, Ai,walking, Ai,PT , and Ai,driving,
respectively, representing their accessibility.

Hexagons, which offer a richer spatial topology and minimal edge effects, were
used to demonstrate accessibility, thus avoiding the visualization problems caused by
dense residential locations [50,51]. The experimental analysis determined that the optimal
diameter for the hexagons was 1 km in the study area, which covered an average of
2.2 residential locations.

2.3.2. Identification of Determinants to Healthcare Accessibility

The GeoDetector is a statistical tool that has been maturely applied to quantify the
determinants of spatially stratified heterogeneity [52] in the landscape [53], ecological [54],
and social fields [55]. It is based on the principle that any factor that has an important
influence on a target-dependent variable will have a similar spatial distribution to that
variable [52]. Therefore, we used the GeoDetector to quantify the effect of potential factors
on medical service accessibility for the three tiers of hospitals. The explanatory power, q, of
a factor indicates that factor X explains 100× q% of the variable Y, q ∈ [0− 1]; the higher
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the value, the greater the influence, and vice versa. The p-value indicates the reliability of q,
which is the significance of factor X. It was calculated using Equation (4):

q = 1− 1
nσ2

L

∑
h=1

nhσ2
h (4)

where h = 1, . . . , L is the stratification of variable Y or factor X; nh and n are the number of
units in the stratification, h, and the whole region; σ2

h and σ2 are the variance of Y values in
the stratification, h, and the whole region; and nσ2 is the total variance.

To be consistent with previous studies [26,28,30–37], four categories of variables were
used in this research: (i) location characteristics reflecting the geographical advantages;
(ii) neighborhood characteristics representing the surrounding environment; (iii) income
characteristics affected by regional development and the strength of the economy; and
(iv) population characteristics considering the health needs of various groups. The specific
indicators are summarized in Table 1.

Table 1. Impact factors for spatial accessibility of a multi-tier hospital system.

Variable Types Variable (Xm) Definition

Location
Central tendency (X1) Mean distance to the city center in each hexagon (m)
Traffic trend (X2) Mean number of PT stations within a 500 m walk in each hexagon (n)
Road density (X3) The ratio of the road length to area in each hexagon (%)

Neighborhood
Hospital density (X4) The number of hospitals per unit area in each hexagon (n/m2)
Landscape trend (X5) Mean area of green and water within a 500 m walk in each hexagon (m2)
Healthcare convenience (X6) Mean distance to the closet hospital in each hexagon (m)

Income
Prosperity (X7) Mean DN in each hexagon (W/m2·sr·µm)
POI richness (X8) Number of POI categories in each hexagon (n)
Economy level (X9) Tax value per capita (CNY)

Population

Population density (X10) Population per unit area (%)
Sex ratio (X11) Proportion of men and women (%)
Children (X12) Proportion of the population aged 0–15 years (%)
Elders (X13) Proportion of the population aged 65 and above (%)

2.3.3. Evaluation of Equity

The Theil index has the advantage of being able to be decomposed into inequality
within and between different defined population subgroups, providing insight into the
relationship between demand and accessibility [56]. To explore an overall evaluation of
equity, we integrated the determinants of spatial accessibility into the Theil index as a
demand index, which reflects the disparities in healthcare opportunities across regions.
First, the explanatory power, q∗, of determinants was normalized using Equation (5):

qN∗ =
q∗ −Min

Max−Min
(5)

where q∗ denotes the explanatory power, q, through the significant test; Max and Min
denote the maximum and minimum explanatory power of determinants; and qN∗ is the
explanatory power after normalization.

Then, demand index, Di, which contains all the determinants and better expresses
regional differentiated demand, was determined using Equation (6):

Di =
13

∑
m=1

qN∗·Xi,m (6)

where Xi,m denotes the value of the significant factor.
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Finally, the comprehensive accessibility, CAi, and demand index, Di, were incorpo-
rated into the Theil index, using Equation (7):

T =
g

∑
i=1

(
Di

Dtot

CAi

CA

)
ln
(

CAi

CA

)
(7)

where g is the number of residential locations in each hexagonal grid; Dtot is the sum of
the residential demand index, Di, in a grid; CA is the average comprehensive accessibility,
CAi; and T is the health equity in each hexagonal grid, which ranges from −1 to 1. The
closer T is to 0, the more equitable the grid is, and vice versa.

Based on the value of the Theil index, residential zones were categorized into five types:
residential zones without service within a threshold are the type of rigid demand; residential
zones with resource competitiveness fall under the elastic demand type; residential zones
with comparatively ample services fall under the type of relative equity; limit adjustment
type is the presence of resource wastes in residential zones; and residential zones with a
resource surplus problem fall under the quantitative adjustment type.

3. Results
3.1. Accessibility to Multi-Tier Hospital System

Using the route-planning data, the spatial accessibility patterns were obtained for the
three tiers of hospitals under three travel modes (Figure 3). The spatial accessibility pattern
for primary hospitals was characterized by the presence of multiple dispersed points and
the lack of a central core (Figure 3a), with nearly half the residential locations (47.37%)
lacking access to medical services, meaning that the goal of a 15-min community-life unit
could not be achieved. This, it can be concluded that the current service allocation is
not coordinated with city planning. With regard to general hospitals, spatial accessibility
varied sharply under three travel modes. Specifically, walking accessibility was much more
centralized than for primary hospitals, leading to inefficient health services, while PT or
driving greatly increased access to these services. In fact, only 0.23% of the residential
locations could not access general hospitals by public or private vehicles (Figure 3b,d,f,h).
Tertiary hospitals were concentrated in the central urban area, and they were accessible to
22.61% of the residential locations on foot, while more than 85% of the residential locations
could reach tertiary hospitals with PT or private vehicles. Overall, only 3.42% of residential
locations were outside the service range of tertiary hospitals (Figure 3c,e,g,i).

From a travel perspective, 37.91% of residential locations were not able to walk to
hospitals within 15 min, indicating that, nearby, the service capacity in the study area was
weak (Figure 3a–c). Primary hospitals filled the gap between the city core and periphery
arising from the uneven distribution of upper-tier hospitals. With PT, 6.77% of residential
locations had no access to hospitals, with these locations primarily in the south, far away
from upper-tier hospitals (Figure 3d,e). With private vehicles, accessibility significantly
improved, with only 0.38% of residential locations, mostly found in the south and east,
outside the service area. Generally, the northern axis connected to the core had the highest
accessibility (Figure 3f,g).
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3.2. Determinants of Accessibility in Multi-Tier Hospital System

The GeoDetector was used to investigate the effects of a range of factors on spatial
accessibility. Figure 4 shows that neighborhood and population characteristics were the
most influential factors determining differences in spatial accessibility, while the power of
location and income characteristics on accessibility were limited. Except for the landscape
trend, most variables had a significant effect on CAi (p < 0.01). The explanatory power of
these factors for primary hospital accessibility had a range of 8.0–26.9%. The most influen-
tial factors were the hospital density (26.9%) and healthcare convenience, indicating the
importance of meeting population demand with primary hospitals. In addition, population
density and the size of the elderly population also had a strong influence on accessibility
differences for primary hospitals. The effect of the influential factors on general hospitals
was stronger than on primary hospitals, with a range of 6.3–32.2%. Population density
and healthcare convenience were the most important factors, suggesting that population
demand directed medical supply allocation, while prosperity, POI richness, and economic
level also had a relatively strong explanatory power, with fluctuating around 15%. For
tertiary hospitals, the effect on accessibility ranged between 2.5% and 15.5%. The most
important factors were consistent with those for general hospitals, with population density
being the primary influence. Healthcare convenience was the second most important factor,
with an explanatory power of 12.9%. Unlike the other tiers of hospitals, the accessibility of
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tertiary hospitals was more dependent on POI richness, probably because POI categories
represent the citizens’ physical conditions, which are related to healthcare resources.
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3.3. Equity in Multi-Tier Hospital System

For general and tertiary hospitals, the majority of residential locations were in the
quantitative adjustment type, whereas for primary hospitals, 51.17% of residential locations
were in the relative equity type. As shown in Figure 5, there were rigid and elastic demands
in 23.10%, 7.57%, and 10.77% of the residential locations, which were insufficiently served
by primary, general, and tertiary hospitals, respectively. The rigid demand zone for primary
and tertiary hospitals were widely distributed in the central city, where medical facilities
were difficult to reach via any mode of transport, suggesting that primary or tertiary
hospitals should be established there. The lack of a primary hospital created an inequity
situation for residential locations in the south and west, where the demand was elastic.
Moreover, the suburbs contained a number of residential locations with an elastic need
for general and tertiary hospitals. It is suggested that three tiers of hospitals be built in
the south and that resources be redistributed appropriately to reduce the regional gap.
Zones with relatively equitable access to primary hospitals were distributed around the
city margin, where the resources should be transferred to the rigid demand zone. For
primary, general, and tertiary hospitals, 25.72%, 74.43%, and 78.43% of the residential
locations had either required quantitative or limited adjustment. These two types of zones
gradually extended to the periphery, and shifting resources to the suburbs with rigid or
elastic demand is recommended.
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hospital; (c) Tertiary hospital.

Drawing on these results, the equity of each tier hospital can be summarized into
three categories: inequity of the shortage (−), relative equity (0), and inequity of the
abundance (+). Figure 6 demonstrates that 27 equity zones were identified, along with
their respective proportions. There was a tight connection of redundantly resourced zones
in the urban core, with 66.86% of residential locations having a surplus of general and
tertiary hospitals, accounting for 43.95% of the zones. A balanced distribution of three-tier
hospitals outside of the urban core, with at least two types of hospitals, was present in
39.11% of the zones. On the contrary, the zones with unequal access to medical resources
were isolated within the central city, where 5.34% of the residential locations lacked two or
more tier hospitals. In conclusion, the spatial disparity of medical resources was substantial,
which is not conducive to optimization. It is noteworthy that there were far fewer zones
lacking medical resources than those with excessive resources. Thus, it is suggested that
the discrepancy be narrowed through transferring existing medical resources rather than
constructing new facilities in the study area.
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4. Discussion

Accessibility equity is critical for the sustainable development of public services, es-
pecially public healthcare services. Research on accessibility and equity in healthcare has
intensified over the last decades, but few studies have examined the collective impact of
determinants on accessibility as a means of representing disparities in healthcare opportu-
nities across regions. To fill this gap, we use the determinants of healthcare accessibility
as a demand index to enable a clearer understanding of equity in accessibility. The main
purpose was to determine how to measure accessibility accurately to multi-tier health
services, to identify what factors contributed to spatial differences in accessibility, and to
resolve how to evaluate equity based on the determinants of spatial accessibility in the
context of the hierarchical medical treatment system.

The principle underlying the implementation of a hierarchical medical treatment
system is that everyone has access to medical services. While residents should ideally have
access to the treatment tier of their choice for all transport options, this is not always the
case. In the central urban area of Shenyang, nearly half of residential locations have no
direct access to primary hospitals, and this issue is related to the distribution of residents.
This inequity suggests that upper-tier hospitals may take on a greater patient burden than
expected, while primary hospitals are underutilized, thereby impeding the purpose and
effectiveness of the hierarchical medical treatment system. To this end, further discussion
is necessary to identify the determinants contributing to the disparities in accessibility at
different levels or regions.

Access to medical services is contingent on a variety of spatial and non-spatial factors.
This research attempted to identify and quantify the location, neighborhood, income, and
population variables affecting this access. It was determined that resource, economic, and
demographic differences were the main drivers of spatial differentiation in healthcare acces-
sibility, which is in accordance with previous studies [14,22,26]. In addition, many factors
had a significant impact on the accessibility of general hospitals, e.g., a high population
density or greater wealth made it easier to access a general hospital.

To effectively assess and address disparities in healthcare equity between zones, the
Theil index was used to combine accessibility and its determining factors. Our study
revealed that the zones lacking services had less inequity in comparison to those with
excessive resources, suggesting that the current medical resources are adequate for the
residents in the zone. The scarcity of higher-tier hospitals was particularly prevalent in the
southwest and outskirts of the city, following the pattern observed in other cities [57–59]. To
address this inequity, our recommendation is to open branches or arrange regular visits of
primary and tertiary hospitals to densely populated regions, thus utilizing existing medical
resources rather than establishing new facilities to reduce regional disparities. This research
identified zones corresponding to 27 types of health resource allocation and proposed
policies to mitigate the conflict between supply and demand, thereby reducing the burden
on upper-tier hospitals.

5. Conclusions

The importance of equitable access in a hierarchical medical treatment system for
the health and well-being of residents has been widely acknowledged. Previous studies
have primarily focused on evaluating the equity of healthcare access from a single medical-
demand perspective. Accordingly, this study sought to address the collective impact of
both spatial and non-spatial factors on accessibility, providing a more comprehensive
understanding of disparities in opportunities. By comparison, we found that the current
distribution of medical facilities in Shenyang is extremely unbalanced. As such, it is
recommended that primary and tertiary medical resources be transferred to the southwest
region of Shenyang and branches of upper-tier hospitals be established around the urban
perimeter. Such results suggest that the determinants, as a demand index, help us to
understand the disparities in healthcare accessibility from a spatial perspective and have
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great implications for resolving how to evaluate equity based on the determinants of spatial
accessibility in the context of the hierarchical medical treatment system.

The approach used on this study that considered the determinants of spatial accessi-
bility can be used as an effective tool for urban planners and policymakers to accurately
identify zones that are underserved by urban public facilities, and it has significant im-
plications for promoting spatial equity. Nevertheless, this study has certain limitations
that present prospects for future research. While this study focused on diversiform factors
influencing healthcare accessibility, other factors, such as affordability, personal prefer-
ences, and the reputation of the hospital, also shape health behavior. Additionally, the
route-planning data from a single month utilized in this study may not precisely capture
the access differences in different seasons or climates, thus necessitating further research to
fully explore the accessibility of urban public facilities in a winter city.

Author Contributions: Xishihui Du, conceptualization, methodology, writing—reviewing and edit-
ing; Siqi Luo, data curation, software, visualization, writing—original draft preparation; Maohua Liu,
investigation, supervision, and validation. All authors have read and agreed to the published version
of the manuscript.

Funding: The research was sponsored by the Social Science Planning Fund of Liaoning Province,
under Grant Number L19CSH001.

Data Availability Statement: Data will be made available upon request.

Acknowledgments: The authors gratefully acknowledge all anonymous reviewers and editors for
their insightful comments.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Wang, Z.; Tang, K. Combating COVID-19: Health Equity Matters. Nat. Med. 2020, 26, 458. [CrossRef] [PubMed]
2. United Nations. The Sustainable Development Goals Report 2022; United Nations: New York, NY, USA, 2022; pp. 30–33.
3. Zhou, S.; Xie, M.; Kwan, M.-P. Ageing in Place and Ageing with Migration in the Transitional Context of Urban China: A Case

Study of Ageing Communities in Guangzhou. Habitat Int. 2015, 49, 177–186. [CrossRef]
4. Zhou, S.; Deng, L.; Kwan, M.-P.; Yan, R. Social and Spatial Differentiation of High and Low Income Groups’ out-of-Home

Activities in Guangzhou, China. Cities 2015, 45, 81–90. [CrossRef]
5. The State Council the People’s Republic of China. State Council Guiding Opinions of the General Office of the State Council on

Promoting the Construction of a Hierarchical Diagnosis and Treatment System; The State Council the People’s Republic of China:
Beijing, China, 2015.

6. Yang, N.; Shen, L.; Shu, T.; Liao, S.; Peng, Y.; Wang, J. An Integrative Method for Analyzing Spatial Accessibility in the Hierarchical
Diagnosis and Treatment System in China. Soc. Sci. Med. 2021, 270, 113656. [CrossRef] [PubMed]

7. Cheng, L.; Yang, M.; De Vos, J.; Witlox, F. Examining Geographical Accessibility to Multi-Tier Hospital Care Services for the
Elderly: A Focus on Spatial Equity. J. Transp. Health 2020, 19, 100926. [CrossRef]

8. Yu, W.; Li, M.; Ye, F.; Xue, C.; Zhang, L. Patient Preference and Choice of Healthcare Providers in Shanghai, China: A Cross-
Sectional Study. BMJ Open 2017, 7, e016418. [CrossRef] [PubMed]

9. Zhang, S.; Song, X.; Wei, Y.; Deng, W. Spatial Equity of Multilevel Healthcare in the Metropolis of Chengdu, China: A New
Assessment Approach. Int. J. Environ. Res. Public Health 2019, 16, 493. [CrossRef] [PubMed]

10. Schultz, C.L.; Wilhelm Stanis, S.A.; Sayers, S.P.; Thombs, L.A.; Thomas, I.M. A Longitudinal Examination of Improved Access
on Park Use and Physical Activity in a Low-Income and Majority African American Neighborhood Park. Prev. Med. 2017,
95, S95–S100. [CrossRef] [PubMed]

11. Shin, K.; Lee, T. Improving the Measurement of the Korean Emergency Medical System’s Spatial Accessibility. Appl. Geogr. 2018,
100, 30–38. [CrossRef]

12. Wang, C.-H.; Chen, N. A Geographically Weighted Regression Approach to Investigating the Spatially Varied Built-Environment
Effects on Community Opportunity. J. Transp. Geogr. 2017, 62, 136–147. [CrossRef]

13. Hansen, W.G. How Accessibility Shapes Land Use. J. Am. Inst. Plan. 1959, 25, 73–76. [CrossRef]
14. Boisjoly, G.; Deboosere, R.; Wasfi, R.; Orpana, H.; Manaugh, K.; Buliung, R.; El-Geneidy, A. Measuring Accessibility to Hospitals

by Public Transport: An Assessment of Eight Canadian Metropolitan Regions. J. Transp. Health 2020, 18, 100916. [CrossRef]
15. Demitiry, M.; Higgins, C.D.; Páez, A.; Miller, E.J. Accessibility to Primary Care Physicians: Comparing Floating Catchments with

a Utility-Based Approach. J. Transp. Geogr. 2022, 101, 103356. [CrossRef]
16. Cui, Y.; Liang, D.; Song, L. Simplified Method for Evaluating the Impact of a Transportation Network on Posthurricane Access to

Healthcare Facilities. J. Perform. Constr. Facil. 2016, 30, 04014182. [CrossRef]

https://doi.org/10.1038/s41591-020-0823-6
https://www.ncbi.nlm.nih.gov/pubmed/32284617
https://doi.org/10.1016/j.habitatint.2015.05.022
https://doi.org/10.1016/j.cities.2015.03.002
https://doi.org/10.1016/j.socscimed.2020.113656
https://www.ncbi.nlm.nih.gov/pubmed/33401218
https://doi.org/10.1016/j.jth.2020.100926
https://doi.org/10.1136/bmjopen-2017-016418
https://www.ncbi.nlm.nih.gov/pubmed/29092898
https://doi.org/10.3390/ijerph16030493
https://www.ncbi.nlm.nih.gov/pubmed/30744211
https://doi.org/10.1016/j.ypmed.2016.08.036
https://www.ncbi.nlm.nih.gov/pubmed/27568236
https://doi.org/10.1016/j.apgeog.2018.08.009
https://doi.org/10.1016/j.jtrangeo.2017.05.011
https://doi.org/10.1080/01944365908978307
https://doi.org/10.1016/j.jth.2020.100916
https://doi.org/10.1016/j.jtrangeo.2022.103356
https://doi.org/10.1061/(ASCE)CF.1943-5509.0000657


ISPRS Int. J. Geo-Inf. 2023, 12, 318 13 of 14

17. Hu, W.; Tan, J.; Li, M.; Wang, J.; Wang, F. Impact of Traffic on the Spatiotemporal Variations of Spatial Accessibility of Emergency
Medical Services in Inner-City Shanghai. Environ. Plan. B Urban Anal. City Sci. 2020, 47, 841–854. [CrossRef]

18. Vadrevu, L.; Kanjilal, B. Measuring Spatial Equity and Access to Maternal Health Services Using Enhanced Two Step Floating
Catchment Area Method (E2SFCA)–A Case Study of the Indian Sundarbans. Int. J. Equity Health 2016, 15, 87. [CrossRef] [PubMed]

19. Chen, G.; Wang, C.C.; Jin, P.; Xia, B.; Xiao, L.; Chen, S.; Luo, J. Evaluation of Healthcare Inequity for Older Adults: A Spatio-
Temporal Perspective. J. Transp. Health 2020, 19, 100911. [CrossRef]

20. Zhang, L.; Chen, P.; Hui, F. Refining the Accessibility Evaluation of Urban Green Spaces with Multiple Sources of Mobility Data:
A Case Study in Shenzhen, China. Urban For. Urban Green. 2022, 70, 127550. [CrossRef]

21. Sharma, G.; Patil, G.R. Spatial and Social Inequities for Educational Services Accessibility-A Case Study for Schools in Greater
Mumbai. Cities 2022, 122, 103543. [CrossRef]

22. Zhao, P.; Li, S.; Liu, D. Unequable Spatial Accessibility to Hospitals in Developing Megacities: New Evidence from Beijing. Health
Place 2020, 65, 102406. [CrossRef]

23. Hu, S.; Song, W.; Li, C.; Lu, J. A Multi-Mode Gaussian-Based Two-Step Floating Catchment Area Method for Measuring
Accessibility of Urban Parks. Cities 2020, 105, 102815. [CrossRef]

24. Aday, L.A.; Andersen, R. A Framework for the Study of Access to Medical Care. Health Serv. Res. 1974, 9, 208–220. [PubMed]
25. Chen, B.Y.; Cheng, X.-P.; Kwan, M.-P.; Schwanen, T. Evaluating Spatial Accessibility to Healthcare Services under Travel Time

Uncertainty: A Reliability-Based Floating Catchment Area Approach. J. Transp. Geogr. 2020, 87, 102794. [CrossRef]
26. Gu, Z.; Luo, X.; Tang, M.; Liu, X. Does the Edge Effect Impact the Healthcare Equity? An Examination of the Equity in Hospitals

Accessibility in the Edge City in Multi-Scale. J. Transp. Geogr. 2023, 106, 103513. [CrossRef]
27. Litman, T. Evaluating Transportation Equity. World Transp. Policy Pract. 2002, 8, 50–65.
28. Liu, M.; Luo, S.; Du, X. Exploring Equity in Healthcare Services: Spatial Accessibility Changes during Subway Expansion. ISPRS

Int. J. Geo-Inf. 2021, 10, 439. [CrossRef]
29. Mooney, G.H. Equity in Health Care: Confronting the Confusion. Eff. Health Care 1983, 1, 179–185. [CrossRef]
30. Wang, F.; Luo, W. Assessing Spatial and Nonspatial Factors for Healthcare Access: Towards an Integrated Approach to Defining

Health Professional Shortage Areas. Health Place 2005, 11, 131–146. [CrossRef]
31. Kuai, X.; Zhao, Q. Examining Healthy Food Accessibility and Disparity in Baton Rouge, Louisiana. Ann. GIS 2017, 23, 103–116.

[CrossRef]
32. Xia, Y.; Chen, H.; Zuo, C.; Zhang, N. The Impact of Traffic on Equality of Urban Healthcare Service Accessibility: A Case Study in

Wuhan, China. Sustain. Cities Soc. 2022, 86, 104130. [CrossRef]
33. Wang, H.; Tao, L.; Qiu, F.; Lu, W. The Role of Socio-Economic Status and Spatial Effects on Fresh Food Access: Two Case Studies

in Canada. Appl. Geogr. 2016, 67, 27–38. [CrossRef]
34. Jang, S.; Yi, C. Imbalance between Local Commuting Accessibility and Residential Locations of Households by Income Class in

the Seoul Metropolitan Area. Cities 2021, 109, 103011. [CrossRef]
35. Ghorbanzadeh, M.; Kim, K.; Ozguven, E.E.; Horner, M.W. A Comparative Analysis of Transportation-Based Accessibility to

Mental Health Services. Transp. Res. Part D Transp. Environ. 2020, 81, 102278. [CrossRef]
36. Yuan, L.; Yu, B.; Gao, L.; Du, M.; Lv, Y.; Liu, X.; Sun, J. Decomposition Analysis of Health Inequalities between the Urban and

Rural Oldest-Old Populations in China: Evidence from a National Survey. SSM-Popul. Health 2023, 21, 101325. [CrossRef]
[PubMed]

37. Liu, J.; Zhong, S.; Huang, Y.; Wang, Z. How Does the Preference Heterogeneity Affect the Elderly’s Evaluation of Bus Accessibility?
Evidence from Guangzhou, China. J. Transp. Health 2021, 22, 101094. [CrossRef]

38. Ashik, F.R.; Mim, S.A.; Neema, M.N. Towards Vertical Spatial Equity of Urban Facilities: An Integration of Spatial and Aspatial
Accessibility. J. Urban Manag. 2020, 9, 77–92. [CrossRef]

39. Rong, P.; Zheng, Z.; Kwan, M.-P.; Qin, Y. Evaluation of the Spatial Equity of Medical Facilities Based on Improved Potential
Model and Map Service API: A Case Study in Zhengzhou, China. Appl. Geogr. 2020, 119, 102192. [CrossRef]

40. Shen, Y.; Tao, Y. Associations between Spatial Access to Medical Facilities and Health-Seeking Behaviors: A Mixed Geographically
Weighted Regression Analysis in Shanghai, China. Appl. Geogr. 2022, 139, 102644. [CrossRef]

41. Wang, S.; Yung, E.H.K.; Sun, Y. Effects of Open Space Accessibility and Quality on Older Adults’ Visit: Planning towards Equal
Right to the City. Cities 2022, 125, 103611. [CrossRef]

42. Zou, S.; Zhang, S.; Zhen, F. Measurement of community daily activity space and influencing factors of vitality based on residents’
spatiotemporal behavior: Taking Shazhou and Nanyuan streets in Nanjing as examples. Prog. Geogr. 2021, 40, 580–596. [CrossRef]

43. Shenyang Bureau of Natural Resources. Territory Development Plan of Shenyang from 2021 to 2035. Available online: http:
//www.shenyang.gov.cn/files/ueditor/SY/jsp/upload/file/20210812/1628754027945008907.pdf (accessed on 5 February 2023).

44. Shenyang Transport Bureau Shenyang. “14th Five-Year Plan” Urban Public Transport Development Plan. Available online:
http://www.shenyang.gov.cn/zwgk/fdzdgknr/ghxx/zxghx/202212/t20221206_4342226.html (accessed on 6 December 2022).

45. Jin, T.; Cheng, L.; Wang, K.; Cao, J.; Huang, H.; Witlox, F. Examining Equity in Accessibility to Multi-Tier Healthcare Services
across Different Income Households Using Estimated Travel Time. Transp. Policy 2022, 121, 1–13. [CrossRef]

46. Tao, Z.; Cheng, Y. Research Progress of the Two-Step Floating Catchment Area Method and Extensions. Prog. Geogr. 2016,
35, 589–599. [CrossRef]

https://doi.org/10.1177/2399808318809711
https://doi.org/10.1186/s12939-016-0376-y
https://www.ncbi.nlm.nih.gov/pubmed/27268153
https://doi.org/10.1016/j.jth.2020.100911
https://doi.org/10.1016/j.ufug.2022.127550
https://doi.org/10.1016/j.cities.2021.103543
https://doi.org/10.1016/j.healthplace.2020.102406
https://doi.org/10.1016/j.cities.2020.102815
https://www.ncbi.nlm.nih.gov/pubmed/4436074
https://doi.org/10.1016/j.jtrangeo.2020.102794
https://doi.org/10.1016/j.jtrangeo.2022.103513
https://doi.org/10.3390/ijgi10070439
https://doi.org/10.1186/1475-9276-3-10
https://doi.org/10.1016/j.healthplace.2004.02.003
https://doi.org/10.1080/19475683.2017.1304448
https://doi.org/10.1016/j.scs.2022.104130
https://doi.org/10.1016/j.apgeog.2015.12.002
https://doi.org/10.1016/j.cities.2020.103011
https://doi.org/10.1016/j.trd.2020.102278
https://doi.org/10.1016/j.ssmph.2022.101325
https://www.ncbi.nlm.nih.gov/pubmed/36618546
https://doi.org/10.1016/j.jth.2021.101094
https://doi.org/10.1016/j.jum.2019.11.004
https://doi.org/10.1016/j.apgeog.2020.102192
https://doi.org/10.1016/j.apgeog.2022.102644
https://doi.org/10.1016/j.cities.2022.103611
https://doi.org/10.18306/dlkxjz.2021.04.004
http://www.shenyang.gov.cn/files/ueditor/SY/jsp/upload/file/20210812/1628754027945008907.pdf
http://www.shenyang.gov.cn/files/ueditor/SY/jsp/upload/file/20210812/1628754027945008907.pdf
http://www.shenyang.gov.cn/zwgk/fdzdgknr/ghxx/zxghx/202212/t20221206_4342226.html
https://doi.org/10.1016/j.tranpol.2022.03.014
https://doi.org/10.18306/dlkxjz.2016.05.006


ISPRS Int. J. Geo-Inf. 2023, 12, 318 14 of 14

47. Hosford, K.; Beairsto, J.; Winters, M. Is the 15-Minute City within Reach? Evaluating Walking and Cycling Accessibility to
Grocery Stores in Vancouver. Transp. Res. Interdiscip. Perspect. 2022, 14, 100602. [CrossRef]

48. Ministry of Natural Resources of the People’s Republic of China. Spatial Planning Guidance to Community Life Unit. Available
online: http://www.nrsis.org.cn/mnr_kfs/file/read/21d2d1d71032b84e847e2baeb6aaf39c (accessed on 9 June 2021).

49. Zhu, Z. Shenyang City Public Transport Development Plan. Master’s Degree Thesis, Jilin University, Changchun, China, 2018.
50. Wang, J.; Kwan, M.-P. Hexagon-Based Adaptive Crystal Growth Voronoi Diagrams Based on Weighted Planes for Service Area

Delimitation. ISPRS Int. J. Geo-Inf. 2018, 7, 257. [CrossRef]
51. Kang, J.-Y.; Michels, A.; Lyu, F.; Wang, S.; Agbodo, N.; Freeman, V.L.; Wang, S. Rapidly Measuring Spatial Accessibility of

COVID-19 Healthcare Resources: A Case Study of Illinois, USA. Int. J. Health Geogr. 2020, 19, 36. [CrossRef]
52. Wang, J.; Xu, C. Geodetector: Principle and Prospective. Acta Geogr. Sin. 2017, 72, 116–134. [CrossRef]
53. Liu, J.; Xu, Q.; Yi, J.; Huang, X. Analysis of the Heterogeneity of Urban Expansion Landscape Patterns and Driving Factors Based

on a Combined Multi-Order Adjacency Index and Geodetector Model. Ecol. Indic. 2022, 136, 108655. [CrossRef]
54. Huo, H.; Sun, C. Spatiotemporal Variation and Influencing Factors of Vegetation Dynamics Based on Geodetector: A Case Study

of the Northwestern Yunnan Plateau, China. Ecol. Indic. 2021, 130, 108005. [CrossRef]
55. Wu, C.; Ye, X.; Du, Q.; Luo, P. Spatial Effects of Accessibility to Parks on Housing Prices in Shenzhen, China. Habitat Int. 2017,

63, 45–54. [CrossRef]
56. van Wee, B.; Mouter, N. Chapter Five-Evaluating transport equity. In Advances in Transport Policy and Planning; Mouter, N., Ed.;

Academic Press: Amsterdam, The Netherlands, 2021; Volume 7, pp. 103–126.
57. Guida, C.; Carpentieri, G. Quality of Life in the Urban Environment and Primary Health Services for the Elderly during the

Covid-19 Pandemic: An Application to the City of Milan (Italy). Cities 2021, 110, 103038. [CrossRef]
58. Kotavaara, O.; Nivala, A.; Lankila, T.; Huotari, T.; Delmelle, E.; Antikainen, H. Geographical Accessibility to Primary Health Care

in Finland–Grid-Based Multimodal Assessment. Appl. Geogr. 2021, 136, 102583. [CrossRef]
59. Xing, J.; Ng, S.T. Analyzing Spatiotemporal Accessibility Patterns to Tertiary Healthcare Services by Integrating Total Travel Cost

into an Improved E3SFCA Method in Changsha, China. Cities 2022, 122, 103541. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.trip.2022.100602
http://www.nrsis.org.cn/mnr_kfs/file/read/21d2d1d71032b84e847e2baeb6aaf39c
https://doi.org/10.3390/ijgi7070257
https://doi.org/10.1186/s12942-020-00229-x
https://doi.org/10.11821/dlxb201701010
https://doi.org/10.1016/j.ecolind.2022.108655
https://doi.org/10.1016/j.ecolind.2021.108005
https://doi.org/10.1016/j.habitatint.2017.03.010
https://doi.org/10.1016/j.cities.2020.103038
https://doi.org/10.1016/j.apgeog.2021.102583
https://doi.org/10.1016/j.cities.2021.103541

	Introduction 
	Materials and Methods 
	Study Area 
	Data Preprocessing 
	Methodology 
	Calculation of Accessibility under Multi-Trip Modes 
	Identification of Determinants to Healthcare Accessibility 
	Evaluation of Equity 


	Results 
	Accessibility to Multi-Tier Hospital System 
	Determinants of Accessibility in Multi-Tier Hospital System 
	Equity in Multi-Tier Hospital System 

	Discussion 
	Conclusions 
	References

