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Abstract: Providing universal quality health services is one of the Sustainable Development Goals
(SDG) to achieve by 2030. We evaluated the sustainable and coordinated development of urban and
rural medical care from 2008-2017 in Dalian, China, by developing an evaluation system based on
population and health services. We used a comprehensive development index model and a coupling
coordination model to evaluate the status and sustainable development of population and medical
services in Dalian. The overall level of population development index in urban areas was significantly
lower than in rural areas in the past decade. Comparing the data for 2008 and 2017, Zhongshan
District (—31.51%), Ganjingzi District (—25.67%), Lyshunkou District (—35.45%), and Pulandian
District (—19.59%) posted significant declines in the population development index. The overall
medical service development index for both urban and rural areas registered a steady upward trend.
In terms of the relationship between population and medical services, a more pronounced coupling
running-in stage was observed among urban areas than among rural areas. Among urban areas,
the coupling running-in stage in Zhongshan District (2013-2016) and Shahekou District (2011-2014)
was most pronounced, while among rural areas, Jinzhou District (2012-2016, 0.684~0.756) had the
most distinct coupling running-in stage. In terms of coordination development, we found that both
urban and rural areas experienced a long period of moderate coordination stage. Among urban areas,
except for some middle and mountainous districts with unstable changes in the coordination degree,
the overall development trend in the region showed a stable transition from moderate coordination
stage towards high coordination stage. From 2008 to 2017, only the coordination degree in Jinzhou
District (—9.17%) showed negative growth. Although considerable efforts have been initiated to
improve the coordinated development of Dalian’s urban and rural populations and its medical
services, the medical and healthcare systems still face numerous challenges.

Keywords: public health services; comprehensive development index model; coupling coordination

model; urban and rural areas

1. Introduction

In 2000, the goal of providing adequate health care services for all people was included
in the United Nation’s Millennium Development Goals (MDGs). In 2015, the target was
again included in the Sustainable Development Goals (SDG). In 2018, China scored 78 and
ranked 48 in the Lancet Assessment of the Health Quality and Accessibility Index (HAQ)
of 195 countries, ranking it as one of the most progressive countries in the middle Socio-
Demographic Index [1]. According to the China Health Surveillance Report published
by the World Bank and World Health Organization [2], the country’s medical insurance

Int. ]. Environ. Res. Public Health 2021, 18, 6395. https://doi.org/10.3390/ijerph18126395

https:/ /www.mdpi.com/journal/ijerph


https://www.mdpi.com/journal/ijerph
https://www.mdpi.com
https://orcid.org/0000-0003-0110-3637
https://doi.org/10.3390/ijerph18126395
https://doi.org/10.3390/ijerph18126395
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/ijerph18126395
https://www.mdpi.com/journal/ijerph
https://www.mdpi.com/article/10.3390/ijerph18126395?type=check_update&version=1

Int. J. Environ. Res. Public Health 2021, 18, 6395 2 of 15

coverage has increased from 28% to 98% since the implementation of medical reforms
in 2000. The number of insured people now exceeds 1.35 billion. The rural cooperative
medical policy has increased the coverage rate among the rural population, from only
9.5% being covered by the medical cooperation fund to full nationwide coverage. In China,
the government has adopted active measures to continue the coordinated development of
urban and rural health services [3], including reforming medical systems [4], strengthening
universal medical insurance [5], reducing drug prices [6], increasing reimbursable medical
expenses [7], and increasing the proportion of new rural cooperative funds [8]. While
China has achieved visible results, narrowing the gap between urban and rural medical
and health services, achieving the SDG goal of providing universal health services remains
a persistent challenge.

After conducting an extensive review of articles published in PubMed from January
2010 to August 2019, we found that, at present, most of the research on the urban and
rural medical and health services in China’s large cities has been focused on institutional
analysis at the national level [9-11] and macro-scale data [12-14], while regional evaluation
has largely been overlooked. Many of these studies used only single index metrics, such
as population [15,16], economy [17,18], and medical resources [19,20], instead of using
a comprehensive evaluation system. Thus, their findings often diverge from the actual
situation and have limited capacity to provide substantive recommendations to decision-
makers. As a relative micro-study, the sustainable and coordinated development of urban
and rural populations and medical services in different regions has different existing
conditions, which should be considered comprehensively. For this study, we used data
provided by the Dalian Municipal Investigation Team of the Dalian Bureau of Statistics,
the Bureau of Health, the Bureau of Civil Affairs, and the National Bureau of Statistics. The
datasets are essentially different from those provided by the published statistical yearbook.
We obtained some hidden details to avoid the impact of missing data on the results of
the study.

To address this current research gap, we focused our study on evaluating the medical
services at the city level for both urban and rural communities, focusing mainly on the
coordinated development between population development and medical services. For
this study, the city of Dalian was selected as the study area (Figure 1). Dalian is one of the
35 representative cities in China chosen by the United Nations Development Agency in its
report entitled China Urban Sustainable Development: Measuring Ecological Investment and
Human Development [21]. The city has shown promising results towards the sustainable and
coordinated development of its urban and rural population, particularly in terms of medical
and health services. Population and medical and health service data from 2008 to 2017 were
obtained from the Dalian City Investigation Team of the National Bureau of Statistics.
These data were then used to develop an evaluation system that would assess the level of
sustainable and coordinated development in urban and rural medical services. We used the
comprehensive development index model to measure the population and medical services
for the various regions of Dalian City. We then determined the interaction coupling and
coordination model of multiple systems using the capacity coupling coefficient model,
which is based on the concept of capacity coupling in physics. This study provides a more
realistic assessment of the development of population and medical services, analyzing
variations in development for particular areas within a city. The results from this study
offer a reasonable scheme to improve health services for a growing population and promote
the coordinated development between population and medical services.
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Figure 1. Overview of Dalian City.

2. Methods
2.1. Study Design and Data Collection

An evaluation system was developed to assess the sustainable and coordinated de-
velopment in urban and rural health, using demographic data and medical and health
service data. Population data were obtained from the Dalian City Investigation Team of
the National Bureau of Statistics and the Dalian Statistical Bureau. The City Investigation
Team regularly conducts census-related activities to update demographic information. The
Bureau of Statistics is responsible for classifying and summarizing the population data
collected by the investigation team. Data on health services were acquired from the Bureau
of Health and the Bureau of Political Affairs. The Bureau of Health is mainly responsible
for collating data on the allocation of medical resources and health service expenditure.
Data on health insurance were obtained from the Bureau of Civil Affairs. The data used in
this study came from official government records and reports to ensure the data’s quality
and accuracy.

Based on Dalian’s population, medical care, and health service data, we developed an
evaluation system to analyze the level of development of urban and rural medical services
(Table 1). In order to minimize the effects of having indicators with different metrics,
we standardized all the indicators before the calculations. We used a comprehensive
development index to quantify population and medical and health services and used the
analytic hierarchy process (AHP) and the entropy method to calculate the subjective and
objective weights for each index. The comprehensive weight model was used to determine
the comprehensive weight of each index in the comprehensive development index model.
We then used the coordination model to evaluate the coordinated development of the
urban and rural population and the medical services in Dalian.

Table 1. The evaluation system for the sustainable and coordinated development of urban and rural medical care.

Primary Index Secondary Index Tertiary Index Average Value Ifl((;sizt;:’oerlND(iefeacttli‘:;
. Population Population size (C1) 5,903,700 people -
Df?cr;g?:?i}ll;c composition (B1) Population over 60 (C2) 1.209 million people -

Rural population (C3) 2.109 million people —
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Table 1. Cont.

. . Positive/Negative
Primary Index Secondary Index Tertiary Index Average Value Indicator Direction
Number of residents participating in
medical insurance (C4) 75,400 people *
Medical The proportion of residents participating 16.81% N
insurance (B2) in medical insurance (C5) o
Number of employees participating in e
medical insurance (C6) 3.055 million people *
The proportion of employees 66.62°% N
Medical service participating in medical insurance (C7) oer
factors (A2) Number of doctors per thousand (C8) 2.94 people +
Medical resource Number of nurses per thousand (C9) 3.23 people +
allocation (B3) Number of beds per thousand 6.08 beds +
people (C10) ’
Number of medical institutions (C11) 123 institutions +
Government medical expenditure (C12)  1886.638 million yuan +
The proportion of medical expenditure in 5,399 N

total public utility expenditure (C13)

2.2. Mathematical Model
2.2.1. Analytic Hierarchy Process (AHP)

We used AHP to obtain the subjective weight for each index. The concept of AHP is
based on compartmentalizing a complex multi-objective decision-making problem into
multiple targets or criteria as a system and then disaggregating it into several levels of
multi-indicators [22-24]. The analytic hierarchy process decomposes the problem into
different components according to the nature of the problem and the overall goal. The
technique combines the factors at different levels according to the interrelationship between
the factors and the affiliation relationship, forming a multi-level analysis structure [25]. We
used Yaahp software to test the consistency of the index. The test result was 0.0553 (<1),
and the results of the index test were statistically significant.

2.2.2. Entropy Weight Method (EWP)

The entropy method was used to obtain the objective weight for each index [26-28].
The entropy formula is given as:

Ej = —ﬁ Zlmzl yijlny,; (1)
D;=1—F 2)
w! = _D 3)

i T oD

where E; represents the information entropy of the j-th index in the evaluation matrix Y.
When the amount of information contained in a particular indicator is consistent with all
the research areas, the information entropy of the indicator reaches the maximum value,
such that E;= 1. Before performing entropy weight calculations, the information utility
value of the indicator should first be calculated. The utility value (D;) of the indicator is
dependent on the indicator’s information entropy (E;), which is then used to determine
the size of the indicator’s entropy weight w; (Table 2).
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Table 2. AHP and EWP values in urban and rural areas.

AHP EWP
City (%) Rural (%)
Indicators

ZS XG SHK GJZ LSK JzZ PLD WFD ZH
C1 6.55 8.22 6.75 6.29 494 1050 4.64 4.18 11.28  3.30
C2 6.76 1236 1623 2022 4.89 5.91 2.50 3.29 1093 792
C3 6.90 0.00 0.00 0.00 9.04 7.10 4.18 6.30 7.29 8.14
C4 7.53 7.21 7.59 9.14 6.45 6.97 5.09 6.89 6.44 6.36
C5 6.87 3.67 3.85 3.77 3.73 6.23 6.11 4.49 10.55 10.00
C6 8.22 7.48 7.97 5.49 4.93 3.54 11.02  5.59 5.62 7.88
Cc7 6.57 3.25 3.09 3.18 8.84 7.81 3.99 6.53 3.35 8.83
C8 6.02 6.32 7.60 4.03 1479 5.73 6.62 2.70 6.91 6.33
9 6.61 6.83 6.83 6.68 5.58 6.52 4.78 5.67 5.54 6.81
C10 6.26 8.08 7.05 6.39 8.23 6.96 1194 467 6.04 8.44
C11 10.65 9.76 14.27 13,51 2.30 3.25 4.26 19.67 496 8.65
C12 1043 1153 5.99 7.99 11.67 5.67 10.68 5.87 13.21 6.29
C13 10.63 7.92 6.07 5.90 9.68 13.73  19.63 9.31 5.62 7.51

ZS—Zhongshan district; XG—Xigang district; SHK—Shahekou district; GJZ—Ganjingzi district; JZ—Jinzhou dis-
trict; LSK—Lyushunkou district; PLD—Pulandian district; WFD—Wafangdian district; ZH—Zhuanghe district.

2.2.3. Comprehensive Weight Model

In order to overcome the subjectivity of the indicator evaluation by experts and
decision-makers in AHP and the entropy weight method, objective evaluation of each index
was carried out. The overall weight w; of each index was calculated using the equation:

w;j = oav; + (1 - oc)w}’ (4)

In this study, the value of o was set to 0.5, as recommended by previous research.
Using proportional changes in the subjective and objective weights, previous research
scholars found that employed sensitivity analysis and found that oc equal to 0.5 is relatively
reasonable [29-31] (Table 3).

Table 3. Comprehensive weight of each region.

City (%) Rural (%)
Indicators

ZS XG SHK GJZ LSK JZ PLD WFD ZH AHP
C1 8.22 8.75 8.29 4.94 4.64 6.50 6.18 6.28 6.37 6.55
C2 1436 1423 1522  4.89 4.50 5.91 6.29 6.93 7.92 6.76
C3 - - - 9.04 6.18 7.10 6.30 6.29 8.14 6.90
C4 7.21 7.59 7.14 7.45 6.09 6.97 6.89 6.44 6.36 7.53
C5 4.67 4.85 4.77 4.73 6.11 6.23 6.49 6.55 7.12 6.87
Co6 9.48 9.97 9.49 493 9.02 9.54 8.59 9.62 8.88 8.22
c7 5.25 5.09 5.31 8.84 5.99 7.81 6.53 6.35 7.83 6.57
C8 8.32 8.60 854 1479 6.62 5.73 6.89 6.91 6.33 6.02
9 6.83 6.83 6.68 6.58 6.78 6.68 5.67 5.54 6.16 6.61
C10 8.45 9.34 8.39 8.23 9.50 6.96 6.32 6.04 6.44 6.26
C11 1276 1227 1351 4.23 4.26 517 10.67 1096 10.65 10.65
C12 6.53 5.99 587 11.67 1068 11.67 13.87 13.21 10.29 1043
C13 7.9% 6.49 6.79 9.68 19.63 13.73 931 8.88 7.51 10.63

Z5—Zhongshan district; XG—Xigang district; SHK—Shahekou district; GJZ—Ganjingzi district; JZ—]Jinzhou dis-
trict; LSK—Lyushunkou district; PLD—Pulandian district; WFD—Wafangdian district; ZH—Zhuanghe district.
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2.2.4. Comprehensive Development Index

We divided the indicators into positive and negative indicators [32-34]. The specific
standardization process is discussed in length. The comprehensive development index

formula is:
n

Yi=) yixw,i=12 (5)

1

where Y7 denotes population index; Y, denotes the medical service index, y! is the normal-
ized value of the index in item 7, and w}' is the comprehensive weight of each index, such
that w! is the comprehensive weight of each level index. See Table 4 for the comprehensive
development index of population and health care in different regions.

Table 4. The comprehensive development index of population and health care in different regions.

Y1 (Population Index) City Rural
Year k .
Y2 (Medical Service Index) ZS XG SHK GJZ LSK JZ PLD WFD ZH
2008 yl 0.217 0.088 0.073 0.206 0.206 0.126 0.253 0.112 0.035
y2 0.146 0.091 0.137  0.143 0.353 0.115 0.261 0.235 0.223
2009 yl 0.192 0.104 0.065 0.187  0.183 0.084 0.266 0.052 0.120
y2 0.136 0.200 0.169 0.150 0.296 0.127  0.263 0.168 0.231
2010 yl 0.222 0.058 0.064 0177  0.141 0.104 0.256 0.069 0.090
y2 0.178 0.166 0.243 0.157  0.289 0.137 0327  0.154 0.196
2011 yl 0.216 0.075 0.035 0.167  0.103 0.304 0.105 0.120 0.124
y2 0.227 0.206 0.241 0.158 0.358 0.174 0.351 0.165 0.135
2012 yl 0.168 0.088 0.049 0.142 0.073 0.288 0.103 0.108 0.111
y2 0.276 0.228 0.243 0.205 0.362 0.184 0227  0.264 0.185
2013 yl 0.075 0.096 0.064 0.190 0.072 0.302 0.090 0.159 0.138
y2 0.359 0.336 0.286 0.232 0.363 0.196 0.286 0.271 0.260
2014 yl 0.003 0.103 0.082 0.168 0.056 0.280 0.097  0.162 0.133
y2 0.471 0.473 0.425 0.292 0.358 0.286 0.304 0.381 0.303
2015 yl 0.137 0.210 0.120 0.123 0.082 0.280 0.075 0.172 0.250
y2 0.576 0.535 0477  0.343 0.397 0.324 0.478 0.345 0.412
2016 yl 0.025 0.149 0.074 0.107  0.071 0.203 0.096 0.242 0.125
y2 0.594 0.579 0.413 0.516 0.341 0.454 0.354 0.411 0.388
2017 yl 0.148 0.314 0.335 0.153 0.133 0.260 0.203 0.266 0.297
y2 0.549 0.495 0.508 0.503 0.372 0.455 0.353 0.513 0.501

ZS—Z7hongshan district; XG—Xigang district; SHK—Shahekou district; GJZ—Ganjingzi district; JZ—Jinzhou district; LSK—Lyushunkou
district; PLD—Pulandian district; WFD—Wafangdian district; ZH—Zhuanghe district.

2.2.5. Coupling Coordination Model

Referring to the concept of Capacitive Coupling and the capacity coupling coefficient
model in physics [35,36], the coupling degree model for multiple systems (or elements) is
generalized as follows:

co [ ik ©
(Y1 +Y2)
where C denotes the coupling degree; Y; is population index; and, Y, is the medical service
index. In the formula, coupling degree value C < [0, 1].

Coordination refers to the different parts of the germplasm for every factor in the
evolution process of the system. It is the harmonious and consistent attribute of forming a
unified whole. Based on literature, an organic connection exists between population and
medical services. Compared with the coupling degree, the coupling coordination model
can better reflect the degree of coordination between population and medical services and
is given by the following equations:

Y =aY; + BY> (7)
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D=VCxY ®)

where D is the coupling coordination degree; C is the coupling degree, Y is the comprehen-
sive evaluation index of population and health services, and « and p are the undetermined
weights. As population and health services are equally important, « and B are both
given the value of 0.5. See Table 5 for the specific division criteria of coupling degree
and coordination degree, and Table 6 for the coupling degree and coordination degree of
different regions.

Table 5. Value range and corresponding explanation of coupling degree and coordination degree.

C (Coupling Degree) D (Coupling Coordination Degree)

(0,0.3] The system is at a lower level of coupling. Low-coordinated coupling

The coupling of the system is in a period

(03,05] of stagnation.

Moderately coordinated coupling

The coupling of the system enters the
(0.5,0.8] running-in stage, and the two become Highly coordinated coupling
benign coupling.

(0.8,1.0] The system is at a high level of coupling. Extremely coordinated coupling

The coupling degree of the system is the
largest, and the system achieves a benign
resonance coupling and tends to a new
ordered structure.

Extremely coordinated coupling

Table 6. For the coupling degree and coordination degree of different regions.

C (Coupling Degree) City Rural
Year  p (Coupling Coordination Degree) 75 XG SHK GJZ LSK |4 PLD WFD ZH
2008 C 0981 1.000 0953 0984 0999 0965 1.000 0936  0.684
D 0422 0299 0317 0414 0347 0519 0507 0403 0297
2009 C 0985 0948 0.894 0994 0979 0972 1.000 0852  0.949
D 0402 0380 0323 0410 0321 0482 0514 0306  0.408
2010 C 0994 0875 0.812 0998 0991 0938 0993 0925 0.928
D 0446 0313 0353 0408 0346 0449 0538 0321  0.364
2011 C 1.000 0.884 0663 1.000 0962 0.834 0842 0988  0.999
D 0471 0352 0303 0403 0480 0439 0439 0375  0.360
2012 C 0970  0.896 0.749 0984 0975 0.749 0928 0908  0.968
D 0464 0376 0331 0413 0480 0.404 0391 0411 0378
2013 C 0756 0833  0.774 0995 0977 0744 0853 0966  0.951
D 0405 0424 0368 0458 0493  0.402 0400 0456  0.435
2014 C 0171 0767 0736 0963 1.000 0.684 0858 0915 0.921
D 0201 0470 0432 0470 0532 0376 0415 0498  0.448
2015 C 0.788 0900 0.803 0.882 0997 0.753 0.685 0943  0.969
D 0530 0579 0489 0454 0549 0424 0435 0494  0.566
2016 C 0397 0807 0719 0755 0924 0.756 0.820 0966  0.859
D 0351 0542 0418 0485 0551 0395 0430 0562  0.469
2017 C 0.819 0975 0979 0846 0962 0.881 0963 0948  0.967
D 0534 0628 0.642 0527 0587 0472 0518 0608  0.621

ZS—Zhongshan district; XG—Xigang district; SHK—Shahekou district; GJZ—Ganjingzi district; JZ—Jinzhou district; LSK—Lyushunkou
district; PLD—Pulandian district; WFD—Wafangdian district; ZH—Zhuanghe district.

2.3. Statistical Analysis

We used the comprehensive development index model and the coupling coordination
degree model to calculate the comprehensive development indices for population and the
medical and health services, the coupling degree, and the coupling coordination degree of
urban and rural areas. We used Origin 2018 to draw the population development index
and medical service development index, and the contour change map of the coupling
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degree and coordination degree for 2008-2017. We used ArcGIS10-5 software to draw
the comprehensive development indices and the coupling degree in Dalian for 2008,
2012, and 2017.

3. Results
3.1. The Difference of Population and Medical Comprehensive Development Index in Urban and
Rural Areas

Changes in the population development index between urban and rural areas in
Dalian were significant from 2008~2017 (Figure 2A). The overall population development
index in urban areas was low. The population development index in Zhongshan District
was the most unstable, fluctuating from 0.075 to 0.003 for 2013-2014 and from 0.003 to
0.137 for 2014-2015. Xigang and Shahekou Districts experienced long-term low-level
development from 2008 to 2014. The overall level of population development index among
rural areas was relatively high. Except for Lushunkou District, other rural areas experienced
a long-term high-level development trend. For instance, Jinzhou District experienced a
very significant high-level development trend in 20112015, growing from 0.280 to 0.304.

The change in population development index from 2008 to 2017 was then analyzed
for each region (Figure 2A). We found that the population development index declined
considerably for Zhongshan (—31.51%), Ganjingzi (—25.67%), Lushunkou (—35.45%), and
Pulandian (—19.59%) Districts. Among urban areas, the largest increase was in Shahekou
District (0.073-0.335, 356.10%), while among rural areas, Zhuanghe City (0.035-0.297,
752.94%) registered the highest growth.

Compared with the population development index, the overall development index in
medical services among urban and rural areas showed a steady upward trend (Figure 2B).
After 2014, the development index of medical services in urban areas increased significantly,
with the highest values found in Zhongshan (0.594) and Xigang Districts (0.579) in 2016.
Compared with urban areas, the improvements in the development index of medical
services among rural areas were not significant. Jinzhou was the only district to achieve
a stable growth trend. By comparing the regional medical service development index
(Figure 2B) in 2008 and 2017, we found that both urban and rural areas had positive growth
in the medical service development index. The medical service development index in
urban areas increased by more than 200%, with Xigang District (0.091~0.495, 446.72%)
experiencing the largest increase at 446.72% (0.091-0.495). Among rural areas, the largest
increase was in Jinzhou District (0.115-0.455, 294.30%)

We calculated the difference between the comprehensive index of population status
and the medical and health service index, and the results are in Table 7. As shown in Table 6,
the difference between the comprehensive index of population status in urban areas and
the medical and health services index was not significant from 2008 to 2012. Among rural
areas, Lushun Port District (2011 0.255; In 2012, 0.288) and Pulandian (2011, 0.246) had
large differences. From 2013 to 2017, the difference between the comprehensive index
of population status and the medical and health services index in urban and rural areas
increased significantly. Significant difference changes were observed in Zhongshan District
(2016 0.569), Xigang District (2016 0.430), Shahekou District (2015 0.356), and Ganjingzi
District (2016 0.408). Although the difference in rural areas showed significant changes
in 2015-2017, the change was relatively small compared to urban areas. By 2017, Xigang
district (0.181), Shahekou District (0.173), Jinzhou (0.194), PuLanDian area (0.150) in the
population present situation and better coordination of medical and health services. and in
(0.401), was seated (0.350), Lyshunkou (0.239), Wafangdian city (0.247), Zhuanghe (0.204)
of the population present situation and the medical and health services optimization has
the larger development space.
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A
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0.3350
02935
0.2520
0.2108
0.1690
2012
01275
2011
0.0860 Population index of 2008
0
- (10035
2009 i [J0.035~0.088
[0.088 ~ 0.126
0.0030
ZS XG SHK GJZ LSK JZ PLD WFD ZH -..l25~..2|7
Distract o217 ~0252

Population index of 2012 Population index of 2017
049 o33
[0.049 ~ 0.088 10133 ~0153
[E0.088 ~0.111 0.153 ~0.203
0.1 ~0.168 0203 ~0.266
0.168 ~0.288 0266 ~0335

Medical Index of 2008
[Jo.oor
[J0.091~0.115
E0.115~ 0.146
0.146 ~ 0.261
0.261 ~0.353

ZS XG SHK GJZ LSK JZ PLD WFD ZH
Distract
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Figure 2. Population index and medical index between urban and rural areas (A for Population
index, B for medical index).
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3.2. The Difference of Coupling Degree between Population and Medical Service in Urban and
Rural Areas

In 2008-2017, there was a noticeable coupling run-in stage between urban areas and
rural areas (Figure 3A). The coupling degree between population and medical services
in urban areas was unstable, and there was a relatively long coupling run-in stage in
Zhongshan District (2013-2016) and Shahekou District (2011-2014), and obvious low-level
coupling occurred in Zhongshan District (0.171) in 2014. Among rural areas, Lyshunkou
District (0.962-1) and Wafangdian City (0.852-0.988) maintained high levels of coupling,
while Jinzhou District (2012-2016, 0.684-0.756) experienced a long period of coupling
and running-in. Comparing the coupling degree between population and medical ser-
vices, we found that most areas in Dalian City experienced a decrease in the coupling
for 2008-2017. The few areas that experienced positive growth include Shahekou District
(2.66%), Wafangdian City (1.34%), and Zhuanghe City (41.39%).

3.3. The Difference in Coordination between Population and Medical Service in Urban and
Rural Areas

Note that the decline in the coupling degree is significantly higher among urban
areas than rural areas. Among urban districts, the highest negative growths were found
in Zhongshan District and Ganjingzi District at more than 10%, while among rural areas,
the highest rate was in Jinzhou District at 8.71%. We also found that both urban and rural
areas experienced long moderate coordination (Figure 4A). Except for Zhongshan District,
with an unstable movement in coordination degree, most urban areas had a generally
stable transition from the moderate coordination stage towards the high coordination stage.
The overall coordination degree in Lushunkou District and Wafangdian City indicates
a steady growth trend in rural areas. Lushunkou District (2008-2013) achieved a high
level of coordinated development for population and medical services in only six years,
significantly less than their urban counterparts. We also found that only Jinzhou District
(—9.17%) showed negative growth in the coordination degree for population and medical
services from 2008 to 2017 (Figure 4B). The highest growth rate among rural areas reached
109.31%, much higher than in urban areas at 83.66%.

Table 7. Difference between population index and medical and health service index in urban and
rural areas (Y1-Y2).

City Rural
Year VA XG SHK GJzZ LSK JZ PLD WEFD ZH

2008 0.070  —0.003 —0.064 0.063 —0.147 0.011 —-0.008 —0.122 —0.188
2009 0056 —-0.097 -0.104 0.036 0113 -0.043 0.004 -0.115 -0.111
2010 0.043 -0.109 -0179 0020 —-0.148 —-0.033 —-0.071 —-0.085 —0.107
2011 -0.010 -0.131 -0.207 0.009 —-0255 0130 —0246 —0.045 —0.011
2012 -0.108 -0.141 -0.193 —-0.062 -0.288 0104 —-0.123 -0.156 —0.074
2013 —-0284 —-0.240 -—-0222 -0.042 -0291 0105 —-0.196 —0.111 —-0.123
2014 —-0467 —-0370 —-0.343 —-0.124 0302 -0.006 —-0.206 —0.219 —0.170
2015 —-0439 -0325 035 —0220 -0315 -—-0.044 -0403 -0.173 —0.163
2016 —-0569 —-0430 -0339 0408 —-0270 —-0.251 —0.258 —0.169 —0.263
2017 -0401 -0181 -0173 —-0.350 —0.239 —-0.194 —-0.150 —0.247 —0.204
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Figure 3. Change trend of coupling degree and coordination degree between urban and rural areas.
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Figure 4. Change in coupling and coordination between urban and rural areas.

4. Discussion

From 2008 to 2017, Dalian’s overall development in medical security system was
relatively good, but there were still significant differences in the development between
urban and rural areas. We analyzed the index weight in the evaluation system. We found
that the parameters population over 60 years old, the number of employees insured, and the
number of medical institutions belongs to the top five indicators for both urban and rural
areas. Among urban areas, the parameters, population over 60 years old (C2, 10.04-15.22%)
and the number of medical institutions (C11, 11.67-13.51%), were found to have very strong
effects on the sustainable and coordinated development of medical care. In comparison,
the parameters, number of medical institutions (C11, 10.17-12.96%), and the government
medical expenditure (C12, 10.29-13.87%), were found to significantly affect the sustainable
and coordinated development of medical care among rural areas.

Pragmatically resolving the growing medical needs of an increasingly aging popu-
lation has become a major issue in many urban areas, particularly ensuring a sustainable
and coordinated development in medical care and health services. For rural areas, we
found that sustainable and coordinated development in medical care depends mainly
on the number of medical institutions and government expenditure. In some areas, the
contributions from government medical expenditure were as high as 13.87% (Pulandian)
and 13.21% (Wafangdian). Significant private investments towards local health services
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must be encouraged to minimize the over-reliance on government support, particularly
among rural communities.

Our results also showed that the development trend in medical services has been more
stable than the population index. This suggests that while Dalian was able to improve its
medical and healthcare sector, such improvements did not directly translate into raising the
population development level. When we calculated the difference between the population
and the medical service development indexes for each region, except for Wafangdian, most
areas had a decreasing trend. When we looked further into the trends, we found that
parts of the city had varying levels of coordination. For instance, the difference between
population and medical service development indexes in Xigang District (urban) was
64.87 times higher than in Jinzhou District (rural). In general, the index differences were
considerably higher in urban areas compared to their rural counterparts. Such disparities
between urban and rural areas may seriously affect the overall coordination in population
and medical care development and hinder meaningful progress to the city’s healthcare
system. Dalian’s urban areas should seriously consider adopting major changes in policy
and strategies that would focus on improving coordination development of the population
and medical services.

Our results also show that although the city has a high overall coupling degree,
Dalian has not reached a high degree of coordination. Lyshunkou District was the only
area to register continued growth in coordination degree. In 2017, most areas reached
high coordination in population and medical service development. We then evaluated
the population development index, medical service development index and coordinated
dispatch for the different regions. Our results show that with continued improvements in
medical services, population development became a major determinant influencing the
coordination of urban and rural medical care in Dalian. Measures and policies aimed at
improving the coordinated development of population and medical services should not
only focus on improving the medical and healthcare system, but also include reducing the
impact of population development on the sustainable and coordinated development of
urban and rural medical care.

5. Conclusions

The results of this study have some useful applications to multiple stakeholders,
including policymakers. Compared with previous studies, we deliberately chose to use a
city-level perspective to explore and assess the improvements in the public health system
and its impact on the health of a city. The results of this study have some useful applications
to multiple stakeholders, including policymakers. Compared with previous studies, we
deliberately chose to use a city-level perspective to explore and assess the improvements
in the public health system and its impact on the health of a city. By combining the
comprehensive development index model and the coupling coordination model, we were
able to analyze changes to the population and medical services for different parts of the
city and evaluate the level of coordination in development in terms of coupling degree and
coordination degree.

Over the past decade, Dalian has made significant efforts to improve its medical and
healthcare services. However, if the city is unable to achieve a high level of coordination
in the development of its medical services and its urban and rural populations, the im-
pact of improvements to the healthcare system would be significantly reduced. The UN
Sustainable Development Goals on healthcare would then be difficult to achieve. Reach-
ing sustainable and coordinated development of urban and rural medical care in Dalian
remains highly problematic. The city’s aging population, the number of medical institu-
tions, and government medical expenditures have become the primary factors hindering
development. More attention should be given to improving the coordination degree in
urban parts of the city compared with rural areas. More effective policies on population
and medical services should be implemented in various regions to promote the sustainable
and coordinated development of urban and rural medical care.
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6. Limitations

There were a number of limitations in this study that could be improved in future
research. First, due to constraints in data availability, we included only a limited number
of indicators in our proposed evaluation system. Future studies can incorporate other
healthcare indicators, such as bed utilization rate and hospital consultation, to improve
the assessment. Second, the proposed evaluation index system is composed mainly of
objective data. Subsequent research may look into including subjective data, such as resi-
dent satisfaction with medical services and infrastructure obtained through questionnaire
surveys, to provide a more comprehensive assessment of the healthcare system.

Author Contributions: Conceptualization, Y.Q. and W.L.; methodology, Y.Q.; software, Y.Q.; vali-
dation, Y.Q.,WL., J.G,, C.S. and PJ.; formal analysis, Y.Q.; investigation, Y.Q.; resources, Y.Q., W.L.,
J.G.; data curation, Y.Q.; writing—original draft preparation, Y.Q.; writing—review and editing,
Y.Q. and PJ.; visualization, Y.Q.; supervision, W.L., ].G. and C.S.; project administration, Y.Q.; fund-
ing acquisition, Y.Q., W.L. and J.G. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by National Natural Science Foundation of China, grant number
41871112 and 51808094. LiaoNing Revitalization Talents Prograrn, grant number XLYC2007174.
Additionally, The APC was funded by National Natural Science Foundation of China.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Our data comes from https:/ /stats.dl.gov.cn/ (accessed on 10 June 2021).

Acknowledgments: We are grateful to the comments provided by reviewers and the editor which
were of great value for improving the final version of the manuscript.

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

References

1. The Lancet. 2020: Unleashing the Full Potential of Nursing; Lancet: London, UK, 2019; Volume 394, p. 1879.

2. China SCo. Notice of the State Council on Issuing the 13th Five-Year Plan to Deepen the Reform of the Medical and Health System;
Shanghai Cooperation Organisation: Beijing, China, 2019.

3. Bank, W. Atlas of Sustainable Development Goals 2017; World Bank Publications: Washington, DC, USA, 2017.

4. Administration CNMS. Notice of the State Council on Issuing the 13th Five-Year Plan to Deepen the Reform of the Medical and Health
System; Shanghai Cooperation Organisation: Beijing, China, 2016.

5. China SCo. Opinions on Integrating the Basic Medical Insurance System for Urban and Rural Residents; Shanghai Cooperation
Organisation: Beijing, China, 2016.

6.  China SCo. Notice on Doing a Good Job in the 2016 New Rural Cooperative Medical System; Shanghai Cooperation Organisation:
Beijing, China, 2016.

7. Yaya, S.; Uthman, O.A.; Okonofua, F.; Bishwajit, G. Decomposing the rural-urban gap in the factors of under-five mortality in
sub-saharan africa? Evidence from 35 countries. BMC Public Health 2019, 19, 616. [CrossRef]

8.  Huang, X,; Peterson, S.; Lavergne, R.; Ahuja, M.; McGrail, K. Predicting the cost of health care services: A comparison of case-mix
systems and comorbidity indices that use administrative data. Med. Care 2019, 58, 114-119. [CrossRef]

9. Jung, A.L;Jong, P; Myung, K. Social and physical environments and self-rated health in urban and rural communities in korea.
Int. ]. Environ. Res. Public Health 2015, 12, 14329-14341.

10. Han, W.; Ang, L. Analysis on the Integration of Urban and Rural Medical Insurance System. In Proceedings of the IOP Conference
Series: Materials Science and Engineering, Nanjing, China, 17-19 August 2018.

11. Xu, J.; Wang, J.; King, M,; Liu, R.; Yu, E; Xing, J.; Su, L.; Lu, M. Rural-Urban Disparities in the Utilization of Mental Health
Inpatient Services in China: The Role of Health Insurance. Int. . Health Econ. Manag. 2018, 18, 377-393. [CrossRef]

12. Li, Y;Sun, Y,; Zhang, Y.; Yi, D.; Ma, C.; Ma, S. Rural-urban disparity in health care: Observations from Suzhou, China. Public
Health 2016, 138, 164-167. [CrossRef]

13.  Fairchild, A.L. The rise and fall of the medical gaze: The political economy of immigrant medical inspection in modern America.
Sci. Context 2006, 19, 337. [CrossRef] [PubMed]

14. Linde, A. The impact of improvements in medical care resources on homicide trends: The case of germany (1977-2011). Eur. ].
Crim. Policy Res. 2017, 24, 1-21. [CrossRef]

15.  Saaty, T.L. Decision-making with the ahp: Why is the principal eigenvector necessary. Eur. J. Oper. Res. 2003, 145, 85-91. [CrossRef]


https://stats.dl.gov.cn/
http://doi.org/10.1186/s12889-019-6940-9
http://doi.org/10.1097/MLR.0000000000001247
http://doi.org/10.1007/s10754-018-9238-z
http://doi.org/10.1016/j.puhe.2016.03.026
http://doi.org/10.1017/S0269889706000962
http://www.ncbi.nlm.nih.gov/pubmed/17214434
http://doi.org/10.1007/s10610-017-9340-7
http://doi.org/10.1016/S0377-2217(02)00227-8

Int. J. Environ. Res. Public Health 2021, 18, 6395 15 of 15

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Ayag, Z. A fuzzy ahp-based simulation approach to concept evaluation in a npd environment. Iie Trans. 2005, 37,
827-842. [CrossRef]

Ma, J.; Fan, Z.P.; Huang, L.H. A subjective and objective integrated approach to determine attribute weights. Eur. J. Oper. Res.
1999, 112, 397-404. [CrossRef]

Zhang, H.; Gu, C.L.; Gu, LW,; Zhang, Y. The evaluation of tourism destination competitiveness by topsis & information
entropy—A case in the yangtze river delta of china. Tour. Manag. 2011, 32, 443-451.

Parlak, I.B.; Tolga, A.C. Evaluation of Medical Devices Using Fuzzy Topsis with Type-2 Fuzzy Numbers. In Proceedings of the
International Flins Conference on Decision Making & Soft Computing, Joao Pessoa, Brazil, 17-20 August 2014.

Lin, C.T.; Tsai, M.C. Development of an expert selection system to choose ideal cities for medical service ventures. Expert Syst.
Appl. 2009, 36, 2266—2274. [CrossRef]

WHO. World Health Statistics 2017: Checking Health Status against the Sustainable Development Goals; WHO: Geneva,
Switzerland, 2017.

Li, Z.; Zza, D.; Ywa, B.; Qh, B.; Yong, S.; Dbb, D. Weighting of toilet assessment scheme in China implementing analytic hierarchy
process. . Environ. Manag. 2021, 283, 111992.

Gul, M. Application of pythagorean fuzzy ahp and vikor methods in occupational health and safety risk assessment: The case of
a gun and rifle barrel external surface oxidation and colouring unit. Int. J. Occup. Saf. Ergon. JOSE 2020, 26, 705-718. [CrossRef]
Anser, M.K; Mohsin, M.; Abbas, Q.; Chaudhry, 1.S. Assessing the integration of solar power projects: Swot-based ahp—f-topsis
case study of turkey. Environ. Sci. Pollut. Res. 2020, 27, 1-13.

Hz, A,; Hy, A.; Rong, W.B.; Jing, T.A.; Mnm, C. An empirical investigation of the coordinated development of natural resources,
financial development and ecological efficiency in china-sciencedirect. Resour. Policy 2020, 65, 101580.

Selimefendigil, F.; Ztop, H.E. Effects of conductive curved partition and magnetic field on natural convection and entropy
generation in an inclined cavity filled with nanofluid. Phys. A Stat. Mech. Appl. 2020, 540, 123004. [CrossRef]

Alsabery, A.L; Gedik, E.; Chamkha, A.J.; Hashim, I. Impacts of heated rotating inner cylinder and two-phase nanofluid model on
entropy generation and mixed convection in a square cavity. Heat Mass Transf. 2020, 56, 321-338. [CrossRef]

Razzak, M.L; Imran, M.; Xu, G. Big data analytics for preventive medicine. Neural Comput. Appl. 2019, 32, 4417-4451.
[CrossRef] [PubMed]

Zhang, X.; Zhang, M.; Zhao, Z.; Huang, Z.; Deng, Q.; Li, Y.; Pan, A.; Li, C.; Chen, Z.; Zhou, M; et al. Obesogenic environmental
factors of adult obesity in China: A nationally representative cross-sectional study. Environ. Res. Lett. 2020, 15, 044009. [CrossRef]
Hafezalkotob, A.; Hafezalkotob, A.; Liao, H.; Herrera, F. An overview of multimoora for multi-criteria decision-making: Theory,
developments, applications, and challenges. Inf. Fusion 2018, 51, 145-177. [CrossRef]

Fang, Y,; Nie, Y,; Penny, Z. Transmission dynamics of the COVID outbreak and effectiveness of government interventions: A data
riven analysis. J. Med. Virol. 2020, 92, 645-659. [CrossRef] [PubMed]

Fang, H.; Baret, E; Plummer, S.; Schaepman-Strub, G. An overview of global leaf area index (lai): Methods, products, validation,
and applications. Rev. Geophys. 2019, 57, 739-799. [CrossRef]

Simms, K.T.; Steinberg, J.; Caruana, M.; Smith, M.A.; Lew, ].B.; Soerjomataram, I.; Castle, PE.; Bray, F; Canfell, K. Impact of scaled
up human papillomavirus vaccination and cervical screening and the potential for global elimination of cervical cancer in 181
countries, 2020-2099: A modelling study. Lancet Oncol. 2019, 20, 394-407. [CrossRef]

Geng, Y.; Wei, Z.; Zhang, H.; Maimaituerxun, M. Analysis and prediction of the coupling coordination relationship be-
tween tourism and air environment: Yangtze river economic zone in China as example. Discret. Dyn. Nat. Soc. 2020,
2020, 1406978. [CrossRef]

Li, Y.; Zheng, Y. Regional agricultural industry economic development based on embedded system and internet of things.
Microprocess. Microsyst. 2021, 82, 103852. [CrossRef]

Harker, P. The Art and Science of Decision-Making. Anal. Hierarchy Process 1989, 3, 3-36.


http://doi.org/10.1080/07408170590969852
http://doi.org/10.1016/S0377-2217(98)00141-6
http://doi.org/10.1016/j.eswa.2007.12.056
http://doi.org/10.1080/10803548.2018.1492251
http://doi.org/10.1016/j.physa.2019.123004
http://doi.org/10.1007/s00231-019-02698-8
http://doi.org/10.1007/s00521-019-04095-y
http://www.ncbi.nlm.nih.gov/pubmed/32205918
http://doi.org/10.1088/1748-9326/ab6614
http://doi.org/10.1016/j.inffus.2018.12.002
http://doi.org/10.1002/jmv.25750
http://www.ncbi.nlm.nih.gov/pubmed/32141624
http://doi.org/10.1029/2018RG000608
http://doi.org/10.1016/S1470-2045(18)30836-2
http://doi.org/10.1155/2020/1406978
http://doi.org/10.1016/j.micpro.2021.103852

	Introduction 
	Methods 
	Study Design and Data Collection 
	Mathematical Model 
	Analytic Hierarchy Process (AHP) 
	Entropy Weight Method (EWP) 
	Comprehensive Weight Model 
	Comprehensive Development Index 
	Coupling Coordination Model 

	Statistical Analysis 

	Results 
	The Difference of Population and Medical Comprehensive Development Index in Urban and Rural Areas 
	The Difference of Coupling Degree between Population and Medical Service in Urban and Rural Areas 
	The Difference in Coordination between Population and Medical Service in Urban and Rural Areas 

	Discussion 
	Conclusions 
	Limitations 
	References

