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Abstract: Building age-friendly cities with good accessibility and social equity can help improve older
adults” well-being and quality of life. However, current accessibility analysis of service facilities tends
to target most general users, while few studies have been conducted regarding hospitals from an
age-friendly perspective. This study aims to measure accessibility to tertiary hospitals and conduct its
equity analysis for older adults aged 65 years or over. First, the gravity-based model and geographic
information system are utilized to measure accessibility to tertiary hospitals within regions and across
regions, and the overall accessibility of a region. Second, coefficient of variation and global Moran’s
I are adopted to investigate differences in accessibility to tertiary hospitals by type among regions.
Third, Lorenz curves and Gini coefficients are employed to analyze social equity of access to medical
services for the elderly. Taking Tianjin, China as the case study, the results show that there exist
spatial clusters in terms of accessibility to tertiary hospitals within districts, across districts, and of the
whole district. Most districts in the city center have better access to these hospitals than the peripheral
and suburban districts. The social equity of accessibility to tertiary hospitals is slightly better in the
senior population than in the total population. This study can help the governments improve the
spatial distribution and allocation of urban health care resources in a more equitable manner and
promote the development of age-friendly cities in future.
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1. Introduction

Population aging is one of the megatrends that the global population is currently
experiencing in addition to population growth, population urbanization, and international
migration, which will have a significant and lasting influence on sustainable development in
the coming decades. As of 2019, the percentage of people aged 65 years or over worldwide
rose to 9%, reaching 703 million; the senior population is expected to double to 1.5 billion
by 2050, accounting for 16% of the total population [1]. Almost every country in the world
is experiencing an increase in the number and percentage of old adults. Take China as an
example. According to population development projections proposed by the Organization
for Economic Cooperation and Development, China will become the country with the
highest degree of population aging by 2030. China Development Report 2020: Development
Trends and Policies of Population Aging also predicts that the years from 2035 to 2050
will be the peak period of population aging in China, with the senior population reaching
380 million by 2050, accounting for nearly 30% of the total population. Numerous data
have shown that population aging of China is showing an accelerated development.

In general, differences in residents’ health status and quality of life are strongly related
to the unbalanced distribution of health care resources [2]. In China, health care facilities
often have some problems with health care delivery, such as long waiting lines and over-
utilization of beds. How to receive better medical services is a commonly perceived social
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problem [3]. As people age, their body form, physiological function, and physical quality
will gradually decline, and their mobility efficiency will be greatly reduced. Especially for
older adults, it is significantly important to prevent diseases and seek timely medical treat-
ment, which determines the importance of medical resources for this kind of group. The
Chinese Ministry of Health has divided the health care system into three levels according to
different tasks and functions, that is, primary medical institutions, secondary hospitals, and
tertiary hospitals [4]. Primary medical institutions mainly provide basic medical services
or primary care to all communities, while secondary and tertiary hospitals provide more
comprehensive and complex medical services. By contrast, tertiary hospitals providing
services across districts of a city are more robust in department setting and have stricter
requirements for related personnel, followed by secondary hospitals and primary medical
institutions [5]. As such, tertiary hospitals with the most advanced services capacity tend
to be more authoritative and more trustworthy. In this case, patients prefer to queue up
in tertiary hospitals instead of receiving health care services from the nearby lower-level
medical institutions [3]. Furthermore, National Development and Reform Commission has
issued an Implementation Plan for Establishing the Efficient and High-Quality Medical
and Health Service System, which emphasized that older adults should be guaranteed to
receive high-level medical services with good accessibility in China [6]. Some scholars have
conducted a questionnaire survey among the elderly to analyze their selection rules for ter-
tiary hospitals since this kind of hospital is significantly important to these participants [7].
Therefore, this paper will explore how older adults have the access to tertiary hospitals
considering the diversity and complexity of diseases among the elderly, their special de-
mand for health care facilities, and the comprehensiveness of medical services provided by
tertiary hospitals, especially in the diagnosis and treatment of intractable diseases.

Accessibility can be used to describe the ease with which people can reach a destination
from an origin using a specified transport mode [8] and is also widely adopted to evaluate
resource allocation and service facility distribution at present [9]. Early studies regarding
accessibility were conducted by means of field research and questionnaires, but with the
help of GPS (global position system) and GIS (geographic information system), accessibility
measurements have become more accurate [10]. Several research studies have explored the
accessibility to different types of service facilities from the perspective of the elderly, such
as health services [11], community-based services [12], public transport [13,14], parks [15],
and housing [16], etc. In addition, there are many studies dedicated to the accessibility to
various health care resources, such as primary health care [17], delivery care [18], tertiary
hospitals [19], public and private hospitals [20], ICU beds [21], etc. It can be found that the
existing studies targeting older adults primarily selected parks and public transport in terms
of the accessibility analysis, while few studies have been conducted to investigate the access
of the elderly to services provided by facilities such as hospitals, let alone tertiary hospitals.
Furthermore, most of the studies regarding accessibility to medical resources focused on
the general population, while lacking enough attention to some socially disadvantaged
groups including the elderly.

In addition, health equity is an explicit goal of health care reform that countries
worldwide endeavor to achieve [22]. To enhance social equity in the spatial distribution of
health care resources, it is not only required that all residents have equal access to these
services, but also some special groups such as older adults, who need this kind of service
more, should be guaranteed easier access to these resources. Currently, there are some
commonly used methods for the social equity analysis, including Lorenz curves [23], the
Theil index [24], and the entropy method [25], etc. Lorenz curves were initially developed
in the field of economics to present the cumulative distribution functions of wealth across
a population [23]. In addition to income, this approach can also be used to any quantity
that can be cumulated across a population [26]. Gini coefficients can reveal the degree
of inequality mathematically. Some research has adopted these two methods to depict
social equity in service accessibility of public transport [13], transport service supply and
service effectiveness [26-28], and health resource allocation for the observed groups [22,29],



Buildings 2022, 12, 2107

30f16

such as the total and elderly populations. The Theil index can be used to analyze the inter-
group and intra-group differences, but it is prone to errors in the process of performing
decomposition. The entropy method as an objective approach can avoid the bias brought
by human factors to the analysis results, but there may be a mismatch between the weight
values and the real situation. Based on this, this study will select Lorenz curves and Gini
coefficients to analyze the social equity of accessibility to tertiary hospitals from both
graphical and mathematical perspectives.

In response to the status quo of population aging, the objectives of this study are: (a) to
measure the accessibility to tertiary hospitals from three perspectives (i.e., within regions,
across regions, and the overall region); (b) to analyze the differences of accessibility between
all observed regions; and (c) to investigate the distribution of tertiary hospitals among the
elderly population aged 65 years or over in consideration of social equity. This study can
enrich the theoretical research into the accessibility of different groups to the same type of
service facility, help improve the spatial distribution and allocation of urban health care
resources in a more equitable manner, and promote the development of age-friendly cities
in future.

The structure of the remainder of this paper is as follows. Section 2 introduces
the methods used to achieve the above objectives. A case study of Tianjin, China is
conducted using these methods in Section 3. Section 4 presents a discussion and some
policy considerations are put forward. The final section summarizes the conclusion based
on the findings of the research.

2. Methods
2.1. Measuring Accessibility to Tertiary Hospitals

For accessibility measurement, the cumulative opportunity measure and the gravity-
based measure are two widely used methods. The former has some shortcomings including
the equal treatment of all destinations and ignorance of travelers’ perception of time [30].
By contrast, the gravity-based model draws on Newton’s law of gravity, based on which
the accessibility from an origin to a destination is directly proportional to cumulative
opportunities and inversely proportional to the travel impedance (e.g., travel distance or
travel time) based on the street networks between the two locations [31]. Since the gravity-
based model can reflect the decay effect of accessibility with increasing travel impedance
and the influence of destination attraction on accessibility, this study will adopt the gravity-
based model to measure the accessibility to tertiary hospitals in a city. To be noted, the
accessibility to tertiary hospitals defined in the present research is used to objectively reflect
the ease with which the observed group could have the access to this kind of health care
service within and (or) outside the district they live in, depending on the availability of
tertiary hospitals in this region. As such, the choice preference for tertiary hospitals is
not considered among older adults, especially when they are faced with multiple choices.
Based on this, a city is divided into M districts (regions) and each district is composed
of K neighborhoods. As for district m (m € {1,2,..., M}), the accessibility from each
neighborhood to tertiary hospitals within this district can be measured as follows:

1 O, i
(Am_i)inside = 72 B = @M
m_i,m_j

where (A, i)inside 1 the accessibility of neighborhood i in district m to all tertiary hospitals
within this district; J; is the total number of tertiary hospitals in district m; Oy,_; is the
service capacity of tertiary hospital j that is represented by the number of beds in district m

as previous studies [17,32]; Ti im_j 15 the travel time between neighborhood i and tertiary

hospital j in district m; and § is the travel friction coefficient.
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Accordingly, the accessibility to tertiary hospitals across districts is defined as Equation (2).

1 On_]'
(Am_i)otttside = T Z B @)
2 nj Tm in_j
Mm#n -

where (A, ;) ,uside 1 the accessibility of neighborhood i in district m to tertiary hospitals
outside this district; ], is the total number of tertiary hospitals outside district m; O,,_j is the

i is the travel time between
neighborhood i in district m and tertiary hospital j in district .

The travel friction coefficient 8 is an important parameter when measuring accessibility
to tertiary hospitals through Equations (1) and (2), which can be influenced by some factors
such as regional features, the type of service facility, and characteristics of people served.
Peeters and Thomas [33] stated the value of § was generally located between 0.9 and
2.29, and the value ranging from 1.5 to 2 would have less impact on the study results.
Tertiary hospitals as a type of service facility should meet more urgent needs and are used
more frequently, due to the most advanced services capacity provided and patients’ choice
preferences for medical service facilities [3,7]. From this point, the accessibility to tertiary
hospitals is more significantly affected by distance or time than general service facilities
such as post offices and gas stations. Therefore, the value of  in the above equations is
defined as 2 in this study.

If averaging the accessibility of all neighborhoods in a certain district, the accessibility to

service capacity of tertiary hospital j in district n; and Trﬁ

tertiary hospitals within or across regions is denoted by (A );,size AN (Am) pytsider TESPECtIVELY.
Z (Am,i)inside
1
(Am)inside = K ®)

12 (AWZJ )outside
(Amdoutsize = ———— @

In fact, residents in a district can select any hospital for medical services within or
outside this district, and thus, the overall accessibility of the district needs to be analyzed. In
this study, the overall accessibility to tertiary hospitals is defined as the sum of accessibility
within and across regions.

Am = (Am)inside + (Am)outside ©)

where A, is the overall accessibility of district m to all tertiary hospitals.

To better compare the accessibility between different regions, the values of accessibility
derived from Equations (3)—(5) need to be normalized by linear transformation. The larger
the value of normalized accessibility, the better the access to tertiary hospitals.

(Am)yf o = (Am)inside — (Am)?nl;rilde (6)
msiae i
(Am)insige — (Am)inside

(Am)outside — (Am )mln

(Am)* rside = outside (7)
T (Am)gurside — (Am)outside
. A — (A min
(Am)" = mmax( ) min ®)
(Am)™ = (Am)
where (Am)psiger (Am)aytsidze a0d (Am)”™ are the normalized accessibility within regions,

across regions, and the overall accessibility, separately; (A )feg, ((Am)ﬁis?de) L (Am)oriide
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((Am)g;igide) ,and (A,)™ ((Am)min) are the maximum (minimum) values of the corre-

sponding accessibility by type.

2.2. Assessing Disparities of Accessibility

To analyze disparities of accessibility to tertiary hospitals among various regions,
coefficient of variance (CV) is used, which is generally defined as the standard deviation of
an indicator divided by its mean [34].

1 10 . 1/2

where X is the mean value of accessibility; # is the number of districts; and x; is the
accessibility value of district i. The larger the value of CV, the greater the difference in
accessibility to tertiary hospitals.

CV reflects the degree of dispersion between data only from a planar perspective and
does not consider the relationship in spatial geographic locations [35]. This study further
analyzes the imbalance and global spatial autocorrelation of tertiary hospital accessibility
by using global Moran’s I, which can determine whether accessibility is spatially clustered,
discrete, or random patterns [36].

- — (10)
;1 w ;1 (x; —%)°

where [ is the global Moran’s I; X and n have the same meaning as Equation (9); x; and
x;j are the accessibility values of districts i and j; w; ; is the spatial weight, which is often
determined by spatial adjacency and spatial distance. In this study, Queen’s Case is used to
generate the spatial weight matrix [37]: if districts i and j share a boundary or node, then
w;;j = 1; otherwise, w; j = 0. In addition, w;; = 0 is provided.

The range of I values are between —1 and 1. If 0 < I < 1, it indicates positive spatial
correlation, i.e., districts with higher (or lower) values of tertiary hospital accessibility
tend to be spatially significantly clustered; if —1 < I < 0, it indicates negative spatial
correlation, i.e., tertiary hospital accessibility of the district is spatially different from that
of the surrounding districts; and if I = 0, it indicates spatial irrelevance, i.e., the values of
tertiary hospital accessibility of each district are spatially randomly distributed.

2.3. Assessing Social Equity

Based on accessibility measures, social equity of tertiary hospital accessibility will
be analyzed using Lorenz curves and Gini coefficients. First, all districts are sorted in
ascending order according to the corresponding accessibility values. Then, the Lorenz
curve is drawn with the cumulative percentage of population by group as the horizontal
axis and the cumulative percentage of accessibility as the vertical axis. Obviously, the
Lorenz curve is plotted diagonally if tertiary hospital accessibility is evenly distributed
in the population group observed; otherwise, the Lorenz curve is under the diagonal,
indicating tertiary hospital accessibility is treated inequitably for group members. In
addition, if the Lorenz curve is farther from the diagonal, it indicates that accessibility to
tertiary hospitals is more inequitably distributed for that population group.

Unlike Lorenz curves, which graphically represent service inequity, the Gini coefficient
mathematically describes the degree of inequity among social groups. The Gini coefficient
is a relative indicator that is the ratio of the area between the diagonal and the Lorenz curve
to the total area under the diagonal, as shown in Equation (11) [27].

Sa

G=—""—+ 11
Sa+Sp (1)
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where 5 4 is the area between the diagonal and the Lorenz curve; Sp is the area under the
Lorenz curve; and S4 + Sg = 0.5.

The range of G values is between 0 and 1. G = 0 (G = 1) implies that the distribution
of tertiary hospital accessibility in the studied population group is absolutely equitable (in-
equitable); 0 < G < 1 with G closer to 0 (1) implies that the distribution of tertiary hospital
accessibility tends to be uniform (varies significantly in the studied population group).

3. Case Study
3.1. Study Area and Data Source

Tianjin located in the east of China is one of the four municipalities directly under
the management of the central government. There are 16 municipal districts in Tianjin,
including six central districts (Heping, Nankai, Hexi, Hebei, Hedong, and Honggiao), four
peripheral districts (Xiging, Dongli, Beichen, and Jinan), and six suburban districts (Binhai,
Baodi, Wuging, Ninghe, Jinghai, and Jizhou) (see Figure 1). By 2020, the total population
of Tianjin reached 13.87 million, of which the elderly population exceeded 2.05 million
and accounted for 14.75%. It can be seen that Tianjin is facing a serious aging problem
and some measures should be taken to help build an age-friendly city and provide seniors
with a resilient lifestyle. This study selects neighborhoods in the 16 municipal districts of
Tianjin as the studied spatial units and treats the geometric center of each neighborhood
as the origins for accessibility measures. Currently, the medical service level of Tianjin is
ranked at the forefront of the whole country, with 35 tertiary hospitals in total and each
equipped with advanced medical resources. However, most of these tertiary hospitals are
concentrated in the central area of this city, while there are no tertiary hospitals in the four
districts (i.e., Baodi, Ninghe, Jinghai, and Jizhou).

N

A

District

(percentage of older population, %)
Baodi (5.6)
Beichen (5.9)
Binhai (11.8)
Dongli (4.9)
Hebei (6.5)
Hedong (8.2)
Heping (2.7)
Hexi (7.8)
Honggiao (4.8)

()}

Jinghai (5.1)

Jinnan (4.7) 2
Jizhou (6.2)
Nankai (8.6) ’
Ninghe (3.0) 0
Wugqing (7.9)

Xiqing (6.3)

Neighborhood

&

@ Tertiary hospital

0 10 20 40 km
L1 [ 1 1 |

Figure 1. Distribution of tertiary hospitals and the percentage of the older population in all districts
of Tianjin.
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This study uses multiple data sources in the case study: neighborhood division and
the locations of tertiary hospitals in Tianjin are obtained from the national platform for com-
mon geospatial information public services (https://www.tianditu.gov.cn/, accessed on
1 September 2021); the road network information is acquired from the national fundamental
geographic information system of China (http://www.ngcc.cn/, accessed on 1 September
2021); the number of open beds that represents the service capacity of tertiary hospitals in
this study is obtained from the official websites of each tertiary hospital; according to the
Design Specifications for Highway Speed Limit Signs of China, the travel speed of roads
at all grades is assigned; and the data of the total and elderly populations in each district
of Tianjin are obtained from the 7th national census in 2020. Here, seniors are defined as
the segment of the population aged 65 or over. In addition, the walking speed range for
elderly people is 0.9-1.3 m/s [38], so 1.0 m/s is assigned to sidewalks and internal roads in
residential areas. Based on the above data, GIS is utilized to calculate travel time from a
certain origin to any destination when measuring accessibility to tertiary hospitals.

3.2. Results
3.2.1. Accessibility to Tertiary Hospitals within Regions

By means of Equation (1), the accessibility to tertiary hospitals within each district can
be calculated with the support of GIS. Taking six districts in the central area of this city as
an example, the results of tertiary hospital accessibility are shown in Figure 2. If there is
only one tertiary hospital in the district such as Hedong (Figure 2e) and Beichen, a high
accessibility area is centered on the neighborhoods where the residents take the shortest time
to reach the tertiary hospital. Furthermore, the accessibility surrounding this area gradually
decreases in all directions based on the street network. When the travel time that the
residents from two neighborhoods spend reaching the tertiary hospital is close, the area with
high accessibility is centered on the midpoint of the line connecting the two neighborhoods
or two areas with high accessibility centered on each of the two neighborhoods will be
formed. When two or more tertiary hospitals are relatively concentrated in the district,
an area with high accessibility will appear, which is roughly a convex polygon formed by
connecting all tertiary hospitals in this district. The accessibility of neighborhoods near this
area is larger than the remaining neighborhoods, such as districts of Heping (Figure 2a),
Nankai (Figure 2b), Honggqiao (Figure 2f), Dongli, Binhai, and Wuqing. Furthermore, when
two or more tertiary hospitals are distributed more scattered in the district, there will be
multiple areas with high accessibility, such as Hexi district (Figure 2c) and Hebei district
(Figure 2d).

Using Equations (3) and (6), the results of the normalized accessibility within regions
(Am)}sige are shown in Table 1. All the six districts belonging to the central area are ranked
in the top 7 of all observed districts. Although Nankai district has the largest number
of tertiary hospitals, its accessibility within regions is the lowest compared with other
districts in the central area. The reason is that the distribution of tertiary hospitals in
Nankai district is extremely concentrated and further leads to more travel time for residents
in neighborhoods far from these tertiary hospitals, thus affecting the accessibility level
within this district. In addition, there are several or no tertiary hospitals in some peripheral
and suburban areas, such as districts of Baodi, Ninghe, Jinghai, and Jizhou. Coupled with
the vast territory of peripheral and suburban areas, this means that this kind of hospital
bears intense pressure to provide health care services. In this case, accessibility to tertiary
hospitals within regions is not satisfactory.
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Accessibility within districts
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[ 176.9-205.5
I 205.5-259.4

Tertiary hospital

®  Street center
o 0s 1 2km
| W S YT SO N N W . |

Accessibility within districts
I 22.0-126.4
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Tertiary hospital
*  Street center
o 05 1 2km
| WO -

(©)

Accessibility within districts

B 16.2-61.6
[ 61.6-77.0
[177.0-1224
I 122.4-256.0
I 256.0-649.2

[H Tertiary hospital

*  Street center
0 05 1 2 km
| WU T -~

(e)

Accessibility within districts
W os-264
[ 26.4-36.4
[1364-53.0
[ 53.0-80.1
I 50.1- 1245

Tertiary hospital

®  Street center
o 0s ¥ 2 km
bt bbb )

(b)

Accessibility within districts
I 29.5-87.0
[ 87.0-1220

B 179.5-273.9
. 273.9-428.5
[ Tertiary hospital
®  Street center
o 05 1 2 km
L)

(d)

Accessibility within districts
B 25.6-60.1
[ 60.1-72.9
[1729-1074
[ 107.4-200.1
I 200.1-449.6

Tertiary hospital

*  Street center
0 05 1 2 km
| W S YUY S W " _— -

()

Figure 2. Example of accessibility to tertiary hospitals within regions of Tianjin: (a) Heping district,
(b) Nankai district, (c) Hexi district, (d) Hebei district, (e) Hedong district, and (f) Honggiao district.
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Table 1. Accessibility to tertiary hospitals in Tianjin.

District (A pside Rank (Am)pytside Rank Am) Rank
Hexi 1 1 0.4410 5 1 1
Heping 0.6581 2 0.9710 2 0.7154 2
Hebei 0.5574 3 0.4165 6 0.5718 3
Honggiao 0.4524 4 0.6235 3 0.4881 4
Hedong 0.4468 5 0.5836 4 0.4793 5
Beichen 0.4047 6 0.1289 7 0.4006 6
Nankai 0.2028 7 1 1 0.2795 7
Wuging 0.1048 8 0.0185 11 0.1025 8
Xiging 0.0274 9 0.1108 8 0.0357 9
Jinnan 0.0240 10 0.0613 10 0.0283 11
Dongli 0.0266 11 0.0963 9 0.0306 10
Binhai 0.0218 12 0.0111 13 0.0219 12
Jinghai 0 13 0.0148 12 0.0012 13
Ninghe 0 13 0.0106 14 0.0009 14
Baodi 0 13 0.0069 15 0.0006 15
Jizhou 0 13 0 16 0 16

3.2.2. Accessibility to Tertiary Hospitals across Regions

In support of GIS, the accessibility to tertiary hospitals across each district is calculated
according to Equation (2). Taking six districts in the central area as an example, the results of
tertiary hospital accessibility are shown in Figure 3. Combining Figure 3 with Figure 1, the
districts located in the north of Tianjin, such as Jizhou, Wuqing, and Ninghe, are equipped
with high and low accessibility in the south and north of these districts, respectively. By
contrast, the districts located in the south of Tianjin, such as Jinghai, Xiqing, and Jinan,
have opposite distribution of accessibility to tertiary hospitals across regions (i.e., high
accessibility in the north and low accessibility in the south). Overall, the accessibility
of neighborhoods near the central area is higher than that of other neighborhoods. For
instance, Nankai district has the largest number of tertiary hospitals and Heping district is
located in the center of the central area, so the neighborhoods near the junction of Nankai or
Heping district have higher accessibility to tertiary hospitals across regions. Furthermore,
the central area of this city has the best access to medicine services provided by tertiary
hospitals across regions, followed by the peripheral area and the suburban area, separately.

Using Equations (4) and (7), the results of the normalized accessibility across regions
(Am) yutside are shown in Table 1. Nearly 70% of tertiary hospitals in Tianjin are concentrated
in the central area. Obviously, the closer to the city center, the shorter time it takes for
residents to reach a tertiary hospital outside their districts. As such, the six districts
belonging to the central area have better access to tertiary hospitals across regions and are
ranked in the top six of all observed districts.
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Accessibility across districts
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Figure 3. Example of accessibility to tertiary hospitals across regions of Tianjin. (a) Heping district,
(b) Nankai district, (c) Hexi district, (d) Hebei district, (e) Hedong district, and (f) Honggqiao district.
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3.2.3. Overall Accessibility to Tertiary Hospitals

Using Equations (5) and (8), the results of the normalized overall accessibility (A,)”
among all districts are shown in Table 1, from which the districts of Tianjin with poor
access to tertiary hospitals can be identified. Four districts of Jizhou, Baodi, Ninghe, and
Jinghai have a shortage of medical services due to the lack of tertiary hospitals in the
district. Meanwhile, the four districts of Binhai, Jinan, Dongli, and Xiqing also have poor
accessibility due to the small number and size of the tertiary hospitals within the district
and its large territory. The accessibility of Wuqging and Beichen districts, which belong to
the suburban area and the peripheral area, respectively, is acceptable, and the accessibility
of six districts in the central area is relatively high. It can also reveal that there are obvious
differences in the number and geographical distribution of tertiary hospitals in Tianjin.

3.2.4. Social Equity of Tertiary Hospitals
The results of tertiary hospital accessibility in each district of Tianjin only reveal the
medical service supply, while ignoring the demand from service users. Therefore, the
Lorenz curve and Gini coefficient are used to show how services provided by tertiary
hospitals are distributed for the elderly population (see Figure 4).
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Figure 4. Social equity of accessibility to tertiary hospitals for older adults.

The Gini coefficients of tertiary hospital accessibility within regions, across regions,
and overall accessibility are all greater than 0.5, indicating that the service distribution
has a higher degree of inequity for the elderly population. Of them, the Gini coefficient
of accessibility within regions is the largest because some districts lack tertiary hospital
services, and the regional distribution of tertiary hospitals fits poorly with the elderly
population. The Gini coefficient of accessibility across regions is the smallest, which may
be attributed to the better street network and more convenient transportation system in
Tianjin. By contrast, the Gini coefficient of overall accessibility lies at the middle level.
Specifically, when the cumulative percentage of the elderly population is less than 30%
or more than 80%, the gap between these three Lorenz curves is relatively small. This
point indicates that the accessibility to tertiary hospitals within regions, across regions
and the overall accessibility have similar distributions in districts with smaller and larger
elderly populations. The largest difference in the three types of accessibility occurs when
the cumulative percentage of the elderly population is approximately 50%, from which the
distribution of accessibility across regions is more socially equitable for older adults.
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4. Discussion
4.1. Regional Comparison

From Table 1, it can be found the ranking of the overall accessibility is similar to
that of the accessibility within regions, except that the last four positions are re-ranked
according to the overall accessibility and only Jinan and Dongli districts are swapped in
the adjacent positions. This shows that the overall accessibility in each district of Tianjin is
mainly determined by the accessibility within regions. Based on Equation (5), the overall
accessibility can be expressed as the sum of accessibility within regions and across regions,
which also indicates accessibility within regions accounts for a larger proportion of the
overall accessibility. In addition, combining Table 1 with Figure 1, it is found that the
three types of accessibility have a common feature, that is, tertiary hospital accessibility
of the central area is higher than that of the peripheral area and suburban area in general.
Geographically, low accessibility is displayed in the northeastern and southwestern areas of
Tianjin and the accessibility level is improved from the surrounding areas to the central area.

Since there exists significant regional imbalance in accessibility to tertiary hospitals,
CV and global Moran’s I are used to measure the disparities and spatial autocorrelation
of accessibility (see Table 2). The CV values of all types of accessibility are similar and
large, indicating that these accessibility values are all highly discrete and disparities of
accessibility by type are obvious. All the values of Moran’s I are greater than 0, so the
distribution of all districts tends to be significantly spatially clustered. The districts with
higher accessibility to tertiary hospitals in Tianjin are concentrated in the central area, while
the peripheral and suburban areas have the districts with lower accessibility. Obviously,
there exists polarization of accessibility to tertiary hospitals in Tianjin. Moreover, the
proximity effect of accessibility across regions is more significant than accessibility within
regions and the overall accessibility since tertiary hospital accessibility across regions in a
certain district primarily depends on the accessibility of neighboring districts.

Table 2. CV and Moran’s I of the accessibility to tertiary hospitals.

Ccv Moran’s I
Accessibility within regions 1.206 0.314 ***
Accessibility across regions 1.200 0.550 ***
Overall accessibility 1.171 0.370 ***

Note: *** significant at 1%.

4.2. Social Equity Comparison

This study plots the Lorenz curves of tertiary hospital accessibility for the total pop-
ulation in Figure 5. Compared with Figure 4, the Lorenz curves for both the elderly and
total populations are below the diagonal and deviate significantly. This indicates the
accessibility of each district in Tianjin is not identical and varies greatly within the two
population groups. Additionally, the point where the three types of accessibility differ
most in the total population is also located around 50% of the cumulative percentage of
the population. From this point, the equity advantage of accessibility across regions over
the other two types of accessibility is more significant for the elderly group. In addition,
the Gini coefficient of the elderly population is slightly smaller than the total population.
This reveals that the distribution of the tertiary hospitals in Tianjin is more concerned about
the needs of the elderly, which could lay a foundation for building an age-friendly city of
Tianjin. However, the Gini coefficients are all greater than 0.5, which also demonstrates
the problems of unbalanced resource allocation of tertiary hospitals in this city. The above
results are inconsistent with the equity of access to other services (e.g., public transport) for
the elderly and total populations compared with previous studies [27].
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Figure 5. Social equity of accessibility to tertiary hospitals for the total population.

4.3. Policy Considerations

Tertiary hospitals are equipped with the most advanced services capacity, such as
department setting, medical staff, hospital beds, and medical equipment. This could
guarantee that older adults receive high-level health care services more efficiently, when
suffering from intractable diseases, particular for aging societies. The findings show that
there are differences in tertiary hospital accessibility by type among all the districts of
Tianjin. The factors affecting the accessibility and social equity of tertiary hospitals mainly
include the geographic location and attraction of hospitals, population distribution among
regions, street networks, and road grades. To improve accessibility to tertiary hospitals,
some policy considerations are put forward to help deliver medicine services in a more
equitable manner and facilitate the development of age-friendly cities.

First, optimize the existing tertiary hospital resources. The clustered distribution of
accessibility to tertiary hospitals provides reliable evidence for the government to identify
spatial differences in accessibility of each district in Tianjin. Accordingly, the government
should formulate specific policies for different districts and especially pay more attention
to the districts with low accessibility. Combining medicine services provided by each
hospital, hospitals with complementary resources should be merged to make full use of
their strength. Furthermore, several tertiary hospitals that are too concentrated in a district
(e.g., the central area of Nankai district) can possibly be relocated partly to the northwest
and southeast of this city, where there is a lack of tertiary hospitals or the distribution of
tertiary hospitals is scattered.

Second, tertiary hospital resources could be supplemented in some special districts to
make up for the shortage of medical services. It is suggested to improve the level of medical
services in neighborhoods with low accessibility and increase the investment in medical
equipment and health technicians. For example, new tertiary hospitals may be built in
four districts (Baodi, Ninghe, Jinghai, and Jizhou) that lack this kind of medical service.
In addition, since central areas are densely populated and cover a wide geographic area,
the supply capacity of tertiary hospitals in these areas should be enhanced. For instance,
increasing the number of beds and expanding the scale and service level of tertiary hospitals
can make their supply capacity match the population density and spatial characteristics of
the district where these hospitals are located [39].
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Third, the road network system could be optimized and road connectivity effectively
improved. For the existing tertiary hospitals, their accessibility can be enhanced by re-
ducing travel impedance from the origins. Combining traffic planning with the location
of tertiary hospitals, road connectivity should be optimized in densely populated areas,
the construction of roads of different grades should be improved, and the grade of some
key roads should be appropriately increased [40]. For instance, it is suggested to optimize
the road network between the areas with low accessibility across regions (e.g., districts of
Jizhou and Baodi) and the surrounding areas. For larger districts such as Binhai, the density
of the road network can be increased internally so that residents have more path choices to
reach tertiary hospitals. Furthermore, considering public transport has road priority and
older adults prefer to use this kind of transport mode, if services are easily accessible, the
public transport system surrounding tertiary hospitals can be strengthened [41].

The above three primary measures for improving accessibility to tertiary hospitals
need to be accomplished over the long term. Alternatively, policy makers can provide
some short-term solutions to allow older adults in these neighborhoods or districts to easily
access health care services provided by tertiary hospitals, for instance, the use of tele-visit
with the help of their family members, picking up the elderly at their residence to hospitals
by means of paratransit, and extending medical insurance coverage for older adults.

5. Conclusions

This study proposes a series of methods to evaluate accessibility to tertiary hospi-
tals within regions, accessibility across regions, and the overall accessibility; analyze the
regional differences in accessibility; and compare the social equity of tertiary hospital acces-
sibility between the elderly and total population. This study can contribute to enriching
the literature in (tertiary) hospital accessibility in consideration of socially disadvantaged
groups including older adults. First, a quantitative approach based on the gravity-based
model and GIS were proposed to investigate tertiary hospital accessibility at different
regional scales from the age-friendly perspective. Second, the normalized method and the
weighted sum model were developed to achieve accessibility comparison of tertiary hospi-
tals for various assessment purposes (e.g., within or across regions) and the accessibility
disparities were analyzed by using Moran’s I among regions. Third, the distribution of
tertiary hospital accessibility by type were analyzed among various population groups
using Lorenz curves and Gini coefficients, which provide helpful tools by which to explore
social equity in health care resources. Last, understanding the accessibility levels to tertiary
hospitals by means of the proposed methodology can help improve status quo of medicine
services, formulate measures to optimize the rational spatial distribution of health care
resources, and develop neighborhoods and cities that are more age friendly. Taking Tianjin
as an example, tertiary hospital accessibility within regions, across regions, and the overall
accessibility showed significant differences among the observed districts. The elderly
population has less inequity in accessibility to tertiary hospitals compared with the total
population. Based on the findings, some policy considerations were put forward to help
develop the spatial distribution and resource allocation of tertiary hospitals more equitably.

There are also some limitations in this study. First, the travel impedance in accessibility
measures is not refined in consideration of different types of transport modes (e.g., public
transport or private cars). Future studies can consider integrating travel behavior of
socially disadvantaged groups including older adults in measuring accessibility to hospitals.
Second, the city-wide level is selected to assess tertiary hospital accessibility, so future
work can be conducted from different regional scales such as cities to make a horizontal
comparison by using the proposed methods. Additionally, optimization of tertiary hospital
resources and medicine service supply can be conducted based on the results of accessibility
assessment, considering some factors such as service demand of the elderly, individual
characteristics, and relevant strategies in future study.
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