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Abstract 

Objective  To analyze the coupling and coordination level of medical education and health resource alloca-
tion in China, and to provide scientific basis for promoting the high-quality development of medical education 
and the efficient allocation of health resources.

Methods Based on the panel data from 2011 to 2021, the coupling coordination degree model was used to meas-
ure the coupling coordination index of medical education and health resources in China. The spatial auto-correlation 
model was used to analyze the development status and distribution characteristics of the coupling coordination 
degree of the two systems. The kernel density estimation method was used to analyze the dynamic evolution trend 
of the coupling coordination of the two systems. The QR quantile regression model was used to explore the key fac-
tors affecting the coupling coordination degree of the two systems.

Results During the observation period, the coupling coordination degree of the two systems increased from 0.393 
to 0.465, with a growth rate of 18.3%. The coupling coordination degree between regions gradually decreased 
in the eastern-central and eastern-western regions, and there were still large differences between the central 
and western regions. The coupling coordination degree of the two systems in the region was significantly different 
in the eastern and western regions, and the central region was relatively similar. There is a positive spatial correla-
tion between the provinces, and 25.81% of the provinces have transitions. Finally, the number of points in the first 
and third quadrants is higher than that in the second and fourth quadrants. In the process of dynamic distribution, 
the degree of polarization of the coupling coordination degree curve of the two systems is gradually weakened. Per 
capita GDP, residents ’ income difference and population size are the positive and significant factors driving the cou-
pling and coordinated development of the two systems.

Conclusion The coupling and coordination degree of the two systems of medical education and health resource 
allocation showed a stable upward trend during the observation period, and the global spatial positive correla-
tion also gradually increased, showing the spatial agglomeration characteristics of ’ high-high agglomeration ’ and ’ 
low-low agglomeration ’. The spatial difference of coupling coordination degree shows a shrinking trend and devel-
ops towards equalization. The coupling coordination degree of the two systems is affected by social, economic 
and demographic factors to varying degrees. Therefore, it is necessary to innovate the coordinated development 
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mechanism of the two systems, promote the two-way flow of medical education and health resource allocation 
in talents, technology and other elements, and then promote the coupling and coordinated development of the two 
systems.

Keywords Medical education, The allocation of health resources, The coupling coordination, Time and space 
dynamic evolution

The distribution of health resources plays a crucial role 
in fostering the growth of healthcare service capabilities, 
with medical education serving as the primary resource 
[1]. Medical education encompasses the deliberate and 
organized educational activities aimed at nurturing med-
ical and healthcare professionals in response to societal 
demands. Serving as a crucial method for developing 
medical professionals, it spans from foundational knowl-
edge to hands-on clinical experience. The curriculum 
and instructional approaches in medical education play 
a significant role in shaping the objectives, framework, 
and proficiency of healthcare professionals [2]. The Min-
istry of Education and other relevant departments have 
proposed that China should expedite the establishment 
of a high-quality medical education system, enhance 
the equity of medical education, accelerate the bal-
anced growth of medical education resources, optimize 
the distribution of regional medical education resources 
[3], facilitate the seamless integration of undergraduate 
medical education, postgraduate medical education, and 
continuing medical education, and strive to enhance the 
quality of college education, advance postgraduate edu-
cation, and ensure comprehensive coverage of continuing 
education. These efforts are essential to promoting the 
high-quality advancement of medical education, aligning 
with the common goals outlined in the ’14th Five-Year 
Plan’ to fully support the ’Healthy China’ strategy and the 
effective implementation of the ’talent power’ strategy 
[4]. The allocation of health resources involves distribut-
ing resources to various sectors, areas, and populations 
in a fair and efficient manner to address the health needs 
of the public. Currently, global health resource allocation 
encounters several challenges, including disparities in 
resource distribution, significant urban–rural disparities, 
and variations in service quality. Enhancing the alloca-
tion of health resources and optimizing resource utiliza-
tion efficiency are crucial issues in the global health sec-
tor [5, 6]. With the advancement of the ’Healthy China 
2030’ plan outline [7], optimizing the medical and health 
service system, innovating the medical and health sup-
ply model, and improving the medical level and quality 
have become crucial focal points for the efficient and 
rational allocation of health resources. Medical education 
plays a vital role in cultivating high-level health literacy 
talents and providing health human resources, scientific 

and technological achievements, and social services to 
advance the development of China’s healthcare initia-
tives and overall societal progress [8]. In order to ensure 
fair and equitable access to medical and health services 
and achieve the goal of ’basic medical and health services 
for all,’ it is crucial to optimize the rational allocation of 
health resources [9]. Promoting the coordinated develop-
ment of medical education and health resource alloca-
tion has a profound impact on actively responding to the 
Healthy China strategy and promoting the high-quality 
development of medical education.

By 2022, the scale of higher education in China will 
further expand to 46.55 million, with a gross enroll-
ment rate of 59.6%. At the same time, the number of 
medical undergraduate enrollment in China is also 
growing steadily, with an average annual growth rate 
of 8.04%. Higher medical education in China is facing 
great challenges, especially the cultivation of high-qual-
ity and high-level applied medical technology profes-
sionals has become one of the important tasks to be 
solved urgently in colleges and universities.In recent 
years, as the country pays more and more attention 
to the development of medical and health undertak-
ings, the people ’s demand for medical services has also 
increased, which requires medical institutions to con-
tinuously improve the service level and quality level 
to meet the needs of the majority of patients. At the 
same time, the number of medical college graduates in 
China is increasing year by year. At present, graduated 
medical students have become an important force in 
health human resources. By the end of 2021, the total 
number of staff in China ’s medical and health indus-
try has reached 13,983,000, an increase of 508,000 
compared with the previous year, with a growth rate 
of 3.8%, effectively alleviating the long-term shortage 
of talents in China ’s medical and health care.The aver-
age life expectancy of Chinese residents has increased 
from 77.93 years in 2020 to 78.2 years in 2021. At the 
same time, the maternal mortality rate decreased from 
16.9 / 100,000 to 16.1 / 100,000, and the infant mortal-
ity rate also decreased from 5.4 ‰ to 5.0 ‰. The above 
data clearly show that the ability and quality of medical 
services in China have been significantly improved. At 
the same time, it is inseparable from the rapid devel-
opment of medical education in China, the continuous 
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updating of education and teaching concepts, and the 
continuous innovation of education models.

The high-quality and balanced development of health 
resources has always been a hot issue concerned by 
scholars at home and abroad, and the high-quality devel-
opment of medical education is a booster to promote the 
rational allocation of health resources.Under the guid-
ance of the global standards for medical education for-
mulated by the World Federation for Medical Education 
( WFME), China ’s medical education has achieved sub-
stantial equivalence with the quality assurance of inter-
national medical education, which plays an important 
supporting role in the improvement of medical and health 
service capabilities and high-quality economic develop-
ment.In recent years, the research of foreign scholars has 
focused on the improvement of medical education qual-
ity and the innovation of teaching methods. In terms of 
improving the quality of education, foreign scholars have 
emphasized the importance of education evaluation. A 
scientific and objective education evaluation mechanism 
can accurately reflect the students ’ learning situation and 
teaching effect, so as to provide strong support for teach-
ing improvement [10]. To this end, scholars have actively 
advocated the construction of a comprehensive educa-
tion evaluation system, which should cover multiple 
dimensions such as curriculum setting, teaching meth-
ods, and faculty to comprehensively ensure the quality 
and effectiveness of medical education. Through such a 
system, we can better diagnose the problems reflected in 
the process of medical education, so as to improve and 
promote the development of medical education in China 
to a higher level [11]. In the innovation of teaching meth-
ods, foreign scholars have actively explored a variety of 
new teaching methods. They advocate the student-cen-
tered teaching concept and focus on cultivating students 
’ initiative and creativity. For example, they put forward 
teaching methods such as case teaching and scenario 
simulation, so that students can learn and master medical 
knowledge in practice by simulating real medical scenar-
ios [12, 13]. In addition, foreign scholars have also paid 
attention to the huge potential for integration between 
information technology and medical education. Using 
cutting-edge technologies such as artificial intelligence, 
big data, and virtual reality to improve medical teaching 
methods, in order to improve teaching effectiveness and 
provide a strong basis for personalized teaching [14].

Compared with foreign scholars ’ research on the 
scale and quality improvement of medical education, 
domestic scholars mostly analyze from the perspec-
tive of medical education mode, mainly focusing on 
the following two aspects: first, the current situation of 
medical education, examining the interaction between 
medical education and external environment such as 

society, economy and culture at the macro level, deeply 
exploring the ought-to-be logic of the coordination 
between social needs and the connotative development 
of medical education [15], and exploring how to adapt 
to and promote social and economic changes. Espe-
cially in the context of the current medical and health 
system reform, scholars have paid great attention to the 
positioning and future development direction of medi-
cal education. The aim is to construct a medical educa-
tion development model in line with China ’s national 
conditions [16]. In addition, through the comparative 
analysis of the similarities and differences of medical 
education at home and abroad, in order to learn from 
the experience and lessons, to provide a useful refer-
ence for the reform of medical education in China 
[17]. At the micro level, domestic scholars have paid 
close attention to the internal mechanism and process 
of medical education. It focuses on specific aspects 
such as teaching methods, curriculum setting and 
practical links, and deeply explores the core elements 
that affect the quality of medical education. In view of 
the problems revealed in traditional medical educa-
tion, we have actively put forward a series of innova-
tive reform proposals to stimulate students ’ initiative 
and innovative spirit by introducing more interactive 
and heuristic teaching methods. At the same time, the 
curriculum should be optimized, and the close combi-
nation of basic medicine and clinical medicine should 
be strengthened to cultivate students ’ comprehensive 
quality and innovation ability [18]. The second is the 
reform of medical education. At the theoretical level, 
the reform is committed to updating educational con-
cepts and innovating educational models to adapt to 
the ever-changing medical environment. Modern medi-
cal education emphasizes student-centered and focuses 
on cultivating students ’ clinical thinking ability and 
practical ability. Educators need to constantly update 
educational concepts, change from teacher-centered 
to student-centered, and emphasize students ’ subjec-
tivity and participation. At the same time, the inno-
vation of education mode is also very important. By 
introducing modern teaching methods such as blended 
teaching and online courses, the teaching effect and 
learning experience can be improved. At the practical 
level, medical education reform focuses on the com-
bination of clinical practice teaching and community 
service. Clinical practice teaching is an indispensable 
part of medical education. Students need to practice 
in a real clinical environment to improve clinical skills 
and coping ability [19]. In addition, medical education 
also encourages students to participate in community 
services and provides medical services for community 
residents to cultivate their sense of social responsibility 
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and mission. This practice-oriented teaching method 
helps to improve students ’ practical ability and team-
work spirit, and lays a solid foundation for future medi-
cal work [20].

The academic circles have rich discussions on the allo-
cation of health resources, mainly including the meas-
urement of its fairness and accessibility, the construction 
of the index system, and the in-depth exploration of the 
influencing factors. At the level of research methods, it 
mainly involves the evaluation of fairness and accessi-
bility. Using multivariate statistical analysis, geographic 
information system and other diversified tools, com-
bined with economic methods such as Gini coefficient 
and Theil index, it analyzes in detail the distribution 
differences of health resources among different regions 
and different groups, and how these differences affect 
the convenience of residents ’ access to medical services 
[21–24]. When constructing the index system, schol-
ars not only consider the quantity of resources, but also 
pay attention to the improvement of the quality and effi-
ciency of resources. They not only use the traditional 
quantitative indicators of health resource allocation, 
such as the number of health technicians per thousand 
population and the number of beds, but also introduce 
a series of indicators to measure service quality, such as 
medical service efficiency and patient satisfaction, so as 
to evaluate the effect of health resource allocation more 
comprehensively and scientifically and provide a more 
solid basis for relevant policy formulation [25, 26]. In 
terms of exploring the influencing factors, the academic 
community has also conducted extensive and in-depth 
research, including factors such as economic develop-
ment level, population structure and government poli-
cies, which have a profound impact on the allocation of 
health resources [27, 28]. Generally, regions with higher 
levels of economic development have stronger economic 
strength and can invest more funds in the construction 
and development of health resources. At the same time, 
the change of population structure will also have an 
important impact on the allocation of health resources. 
For example, with the increasing trend of population 
aging, the demand for medical services is also increas-
ing, which puts forward higher requirements for the allo-
cation of health resources. Government policy is a key 
means of regulation, which can influence and guide the 
allocation of health resources by adjusting capital invest-
ment and optimizing the structure of resource allocation, 
so as to meet the different needs of society.

Based on the existing achievements, medical educa-
tion has undoubtedly accumulated human capital stock 
for the development of medical and health undertakings, 
and also provided intellectual resources for the opti-
mization of health resource allocation, thus providing 

favorable support for the health needs of the Chinese 
population. In previous studies, domestic and foreign 
scholars ’ research on the two independent fields of 
medical education and health resource allocation is rela-
tively mature, but there are still some shortcomings: in 
terms of research depth, most of the research on medi-
cal education and health resource allocation focuses on 
independent research in two different fields, and less 
can be included in the same framework to discuss the 
coupling and coordination relationship between medi-
cal education and health resource allocation. In terms 
of time span and research objects, many existing studies 
are mainly carried out from regions or single provinces 
and urban agglomerations, and there is a lack of research 
on the dynamic evolution and change trend of the spatial 
and temporal pattern across the country and across ten 
years. In terms of research methods, the existing related 
research is more qualitative research from an independ-
ent perspective. Even if the empirical analysis method is 
used, it is mostly the description of the current situation 
of Niki coefficient, Theil index, DEA-Malmquist and so 
on. It is less involved in the heterogeneity analysis of the 
coupling and coordination level between the two. The 
research method of quantile regression has not been used 
to accurately explore the key factors affecting the rela-
tionship between the two and its heterogeneity research.

In view of this, in order to identify the spatial and tem-
poral pattern and heterogeneity of the coupling and coor-
dination between medical education and health resource 
allocation level, the specific research design of this study 
is as follows: Firstly, a coupling coordination degree 
model is constructed to measure the coupling coordi-
nation degree of medical education and health resource 
allocation level in each year. Secondly, according to the 
coupling coordination degree reflected, the spatial and 
temporal variation characteristics between regions are 
investigated by spatial autocorrelation model, kernel den-
sity estimation and decomposition. Finally, the quantile 
regression model is constructed to analyze the influenc-
ing factors of society, economy and population from the 
perspective of coupling coordination level difference, 
and to reveal the key influencing factors under different 
quantile coupling coordination levels.

Evaluation of coupling coordination degree 
between medical education and health resource 
allocation
Construction of index system
In order to fully reflect the coordination relationship 
between medical education and health resource alloca-
tion, the medical education system is divided into two 
criteria layers: talent training and social service based 
on the previous research and the research of Wang Ji 
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et  al. [29, 30]. The existing medical education evalu-
ation system is improved and updated, and six index 
layers including the number of students in school and 
medical research institutions are selected.Based on the 
research of Zhang Jinqiu et al. [31, 32], the allocation of 
health resources is divided into three subsystems: human 
resources, material resources and financial resources. 
The human resource criterion layer includes two repre-
sentative indicators: the number of health technicians 
per thousand population and the average number of vis-
its by residents. The material criterion layer includes two 
representative indicators: the proportion of tertiary hos-
pitals and the density of medical institutions; the finan-
cial criterion layer includes two representative indicators: 
the proportion of total health expenditure in GDP and 
per capita total health expenditure (Table 1).

Data sources
This study mainly takes 31 provinces in China from 2011 
to 2021 as samples to measure the comprehensive devel-
opment level and coupling coordination relationship of 
medical education and health resource allocation. The 
comprehensive evaluation system data are selected from 
the ’ China Statistical Yearbook ’ ’ China Health Statistics 
Yearbook ’ ’ China Health and Family Planning Statistics 
Yearbook ’ ’ China Health Statistics Yearbook ’ ’ China 
Education Statistics Yearbook ’ over the years. Accord-
ing to the division criteria of the National Health Com-
mission, 31 provinces in China are divided into three 
regions: eastern, central and western regions [33].

Research methods
Entropy method
When medical education and health resource allocation 
are coupled, the entropy method is used to determine the 

weight of each index layer, and the final comprehensive 
evaluation results are obtained according to the calcu-
lation results of each index [34]. Through the results to 
evaluate and analyze the comprehensive development 
degree of medical education and health resource alloca-
tion in various regions, the formula for calculating the 
comprehensive development level by entropy method is:

Sij represents the proportion or contribution of the j th 
index of the i th year studied, Xij represents the j th index 
value of the i th region, ej represents the entropy value 
of the j th index, gj represents the information entropy 
redundancy, Wj represents the weight of the j th index, 
and Mi represents the comprehensive score of the i th 
year studied.

Coupling coordination degree model
The coupling coordination degree model can better eval-
uate and analyze the coordinated development between 
two or more systems, and the model calculation is sim-
pler and the results are more intuitive. Therefore, this 
study uses the coupling coordination degree model to 

(1)sij = xij/
∑n

i=1
xij

(2)ej = −1/ln(n)
n

i=1
sijlnsij

(3)gj = 1− ej

(4)Wj = gj/
∑p

j=1
gj

(5)Mi =

∑p

j=1
Wjxij

Table 1 Coupled comprehensive evaluation system of medical education and health resource allocation

System Criterion layer Index level weight

Medical education Personnel training Number of students enrolled 0.119

Proportion of medical graduates 0.048

Number of students enrolled in medical colleges and universities 
per 10,000

0.046

Social service Medical research institution 0.101

Medical on-the-job training institution 0.185

Number of health education trainings 0.217

Health resources manpower Number of health technicians per 1,000 population 0.032

Ratio of care to care 0.017

Material resources Number of health care institutions 0.033

Number of bed 0.082

Financial resources Total health expenditure as a share of GDP 0.052

Total health expenditure per capita 0.068
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explain the interaction between the two subsystems of 
medical education and health resource allocation. Based 
on this, the overall coupling coordination degree of the 
system is further measured [35, 36], and the calculation 
formula of the coupling coordination degree is as follows:

D represents the degree of coupling coordination, and 
the value range is [ 0, 1]. C is the degree of coupling, 
and the value range is [ 0, 1]. The larger the value is, the 
greater the degree of correlation between medical educa-
tion and health resource allocation is. U1 and U2 are the 
comprehensive evaluation indexes of the two systems of 
medical education and health resource allocation respec-
tively. N is the comprehensive evaluation index of the two 
systems as a whole, and α and β represent the contribu-
tion coefficients of the two systems respectively.

Spatial auto‑regression model
Spatial auto-correlation analysis is one of the statistical 
test methods. It can measure the auto-correlation of the 
distribution of spatial things. It is divided into global and 
local tests. The correlation represents whether the space 
has agglomeration characteristics [37, 38]. The spatial 
auto-correlation calculation formula is:

yi represents the composite index of the i th province, 
n represents the number of provincial units, S2 repre-
sents the sample variance, and Wij represents the spatial 
weight.

Kernel density estimation
In order to effectively investigate the dynamic evolution 
trend of the coupling coordination level distribution of 
medical education and health resource allocation, the 
kernel density curve is used to describe the distribution 
pattern of the coupling coordination level of the two sys-
tems and estimate the probability density [39]. Assuming 
that f ( x) is the density function of random variable x, the 
formula of probability density estimation is:

(6)C =







U1U2
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U1+U2
2
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(7)D =

√

C ·N

(8)N = αU1 + βU2

(9)Moran’s I =

∑n
i=1

∑n
j=1 Wij

(

yi − y
)

(

yj − y
)

S2
∑n

i=1

∑n
j=1 Wij

Where N is the number of observations, Xi is the inde-
pendent distribution of observations, x is the mean value, 
K is the kernel density function, and h is the broadband.

QR quantile regression
QR quantile regression can be used to explore the rela-
tionship between the conditional distribution of depend-
ent variables at different quantiles and independent 
variables. Compared with the traditional least squares 
method ( OLS), it can not only provide the relationship 
between the conditional mean of the dependent vari-
able and the independent variable, but also describe the 
characteristics of the conditional distribution of the 
dependent variable at different quantiles. This feature 
makes QR quantile regression more flexible and robust 
in dealing with problems such as heterogeneity, asymme-
try, and outliers [40, 41]. In this study, 0.1–0.9 quantiles 
were selected to analyze the impact of each variable on 
the coupling and coordination of medical education and 
health resource allocation in China. The calculation for-
mula is:

Qyi ( δ / Xi) represents the quantile of the δ th condi-
tion of yi, and β ( δ) represents the estimation of the δ th 
quantile coefficient.

Evaluation of coupling coordination degree 
between medical education and health resource 
allocation
The coupling coordination degree model can provide a 
systematic perspective, which regards medical educa-
tion and health resource allocation as two interrelated 
and interactive subsystems. It can not only describe the 
static relationship between medical education and health 
resource allocation, but also reveal the dynamic evolu-
tion process between them. Through the analysis of time 
series data, we can observe how the degree of coordi-
nation between the two changes over time, and then 
explore the influencing factors and mechanisms behind 
this change.

Time series characteristics
From the temporal level, the coupling coordination 
degree of the two systems in each province shows a slow 
upward trend from 2011 to 2021, which is similar to the 
national average trend, as shown in Fig.  1. In general, 
the annual average value of the coupling coordination 
degree between medical education and health resource 

(10)f(x) =
1

Nh

N
∑

i=1

K

(

Xi − x

h

)

(11)Qyi

(

δ
/

Xi

)

= X′

i + β(δ)+ ε(δ)
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allocation in China is 0.430, and there are 16 provinces 
that exceed the average value. Among them, 7 prov-
inces in the eastern region, such as Beijing, Shanghai and 
Guangdong, exceed the average value, and 5 provinces 
in the central region, such as Henan, Heilongjiang and 
Hubei, exceed the average value, while only 4 provinces 
in the western region, such as Gansu, Inner Mongo-
lia, Sichuan and Shaanxi, exceed the average value. The 
coupling coordination degree of the two systems in each 
province shows a good development trend, but in terms 
of index size, most provinces are generally far from the 
ideal state.

From the regional level, taking the end of the observa-
tion period in 2021 as an example, the top three prov-
inces in the eastern region are Jiangsu ( 0.609), Fujian ( 
0.566) and Shanghai ( 0.557). The top three provinces in 
the central region are Hubei ( 0.519), Jilin ( 0.504), Jiangxi 
( 0.499) and Shanxi ( 0.499). The top three provinces in 
the western region are Shaanxi ( 0.591), Sichuan ( 0.553), 
and Inner Mongolia ( 0.462). During the observation 
period, the top five provinces in the growth rate are Tibet 

( 37.66%), Anhui ( 36.26%), Jiangxi ( 33.93%), Yunnan ( 
33.59%), and Guizhou ( 31.12%). The top five provinces 
are Zhejiang ( 0.63%), Liaoning ( 3.36%), Gansu ( 5.28%), 
Shaanxi ( 5.35%) and Qinghai ( 8.28%). The western 
region is gradually catching up with the eastern and cen-
tral regions, and the regional gap is shrinking.

Different space levels
The spatial autocorrelation model can reveal the internal 
relationship and interaction mechanism of the coupling 
coordination degree of medical education and health 
resource allocation in spatial layout. By quantifying the 
spatial autocorrelation coefficient ( Moran ’s I), it reveals 
the mutual influence and dependence between adjacent 
areas, and deeply analyzes the distribution pattern of the 
coupling coordination degree of the two systems in geo-
spatial space. It is further helpful to identify high-value 
agglomeration areas and low-value agglomeration areas, 
so as to reveal the spatial heterogeneity of the coupling 
coordination degree of the two systems between regions. 
In addition, the spatial autocorrelation model also 

Fig. 1 Trend of coupling coordination degree between medical education and health resource allocation in China from 2011 to 2021
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provides a scientific basis for optimizing the allocation of 
medical education resources and health resources, and 
promotes the balanced development of the two systems 
between regions.

Global spatial auto‑correlation analysis
Based on the results data in Fig.  1, the global auto-cor-
relation analysis of the coupling and coordination level 
of medical education and health resource allocation in 
China is carried out. The results are shown in Table  2. 
From 2011 to 2021, the global spatial auto-correlation 
P value of the coupling coordination degree of the two 
systems was less than 0.05, which passed the signifi-
cance test, and the Moran index was positive, indicating 
that there was a significant spatial positive correlation 
between the coupling coordination level of medical edu-
cation and health resource allocation in China. The spa-
tial agglomeration gradually increased, and the spatial 
distribution had rules to follow, that is, the provinces and 
cities with higher coupling coordination level were adja-
cent to each other, the provinces and cities with lower 
coupling coordination level were adjacent to each other, 
the similarity between adjacent provinces and cities was 
high, and the regional development was uneven. How-
ever, in general, the Moran index showed a slight upward 
trend from 2011 to 2021.

Local spatial auto‑correlation analysis
In order to investigate the spatial distribution of the cou-
pling of medical education and health resource alloca-
tion in China, the local spatial autocorrelation is used to 
measure the spatial agglomeration level of the coupling 
coordination degree of the two systems, as shown in 
Table 3. The results show that the global Moran index of 
the coupling of medical education and health resource 
allocation in China in 2011 is 0.048 ( p = 0.011), indicat-
ing that there is a positive spatial auto-correlation rela-
tionship between medical education and health resource 
allocation at a significant level of 5%, that is, there is 
spatial dependence. Some provinces are spatially con-
centrated. From the perspective of spatial distribution, 
there are 6 and 8 provinces in the first and third quad-
rants, respectively, showing high-high agglomeration and 
low-low agglomeration. There are 12 and 5 provinces in 
the second and fourth quadrants, respectively, showing 
high-low agglomeration and low–high agglomeration.In 
2021, the global Moran index of the coupling of medi-
cal education and health resource allocation in China is 
0.051 ( p = 0.011), indicating that there is a positive spa-
tial auto-correlation relationship between medical educa-
tion and health resource allocation at a significant level 
of 5%. From the perspective of spatial distribution, there 
are 7 and 15 provinces in the first and third quadrants, 

Table 2 Global Moran index variation of the coupling coordination between the two systems from 2011 to 2021

year 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

I value 0.048 0.038 0.041 0.061 0.061 0.073 0.044 0.067 0.067 0.062 0.051

P value 0.011 0.015 0.012 0.006 0.006 0.006 0.016 0.007 0.006 0.005 0.011

Table 3 Spatial distribution pattern of local Moran index for the coupling coordination between the two systems in 2011–2021

Year District HH region LH region LL region HL region

2011 The east area Jiangsu, Zhe-
jiang, Fujian, 
Guangdong, 
and Shanghai

Shandong, Tianjin, Hebei, Hainan, 
Liaoning

Beijing

The midland area Hubei Heilongjiang, Jilin, Anhui, Jiangxi, 
Hunan

Shanxi Henan

The west area Yunnan, Guangxi Nei menggu, Xinjiang, Ningxia, 
Qinghai, Xizang, Guizhou, Chong-
qing

Gansu, Shaanxi, and Sichuan

2021 The east area Jiangsu, Zhe-
jiang, Fujian, 
Guangdong, 
and Shanghai

Shandong, Tianjin, and Hebei Hainan, Liaoning Beijing

The midland area Hubei, Jiangxi Anhui, Hunan Heilongjiang, Jilin and Shanxi Henan

The west area Nei menggu, Xinjiang, Ningxia, 
Qinghai, Xizang, Guizhou, Chong-
qing, Gansu, Yunnan, Guangxi

Shaanxi, Sichuan
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respectively, showing high-high agglomeration and low-
low agglomeration. There are 5 and 4 provinces in the 
second and fourth quadrants, respectively, showing high-
low agglomeration and low–high agglomeration. From 
the perspective of transition, 25.81% of the provinces 
have transitions, among which Jiangxi has transitioned 
from low–high agglomeration to high-high agglomera-
tion, Heilongjiang, Jilin, Yunnan and other six provinces 
have negative transition from low–high agglomera-
tion to low-low agglomeration, and Gansu has negative 
transition from high-low agglomeration to low-low 
agglomeration.

Kernel density estimation analysis
The kernel density function, with its non-parametric 
characteristics, intuitive visualization ability and sensi-
tivity to local analysis, can intuitively observe the spatial 
distribution pattern and relative intensity of the coupling 
coordination degree of medical education and health 
resource allocation with the help of kernel density map, 
and then evaluate the coupling coordination of the two 
systems, so as to more comprehensively understand the 
distribution characteristics and interrelationships of 
medical education and health resource allocation in dif-
ferent regions. In order to better show the temporal and 
spatial evolution of the coupling coordination degree of 
medical education and health resource allocation in 31 
provinces of China, this paper uses the kernel density 
estimation method to analyze the evolution characteris-
tics and differences of the coordination degree between 
the two systems. The kernel density results of the cou-
pling coordination degree of the two systems are shown 
in Fig. 2 and Table 4.

It can be seen from Fig. 2 ( a) that the dynamic evolu-
tion of the coupling and coordination degree of medical 
education and health resource allocation has the follow-
ing characteristics through the distribution characteris-
tics of the curve: in 2011, the kernel density curve moved 
first left and then right, indicating that the coupling and 
coordination degree of medical education and health 
resource allocation increased significantly nationwide. 
From the perspective of curve distribution, the height 
of the main peak shows a trend of increasing first and 
then decreasing, and the width shows a trend of narrow-
ing first and then widening, indicating that the coupling 
coordination degree shows a trend of narrowing first and 
then expanding. From the perspective of curve extensi-
bility, the kernel density curve of each year shows a clear 
right-tailed widening phenomenon, indicating that the 
gap in coupling coordination between the two is gradu-
ally expanding from 2011 to 2021. From the perspective 
of the number of curve peaks, the change trend during 
the observation period is ’ single peak-double peak-single 

peak ’, indicating that the polarization degree of the cou-
pling and coordination degree of medical education and 
health resource allocation in China is weakened and 
gradually develops towards equalization.

In order to further analyze the dynamic evolution of 
the coupling coordination degree of medical education 
and health resource allocation in the eastern, central and 
western regions, this paper describes the nuclear density 
results of the coupling coordination level of the two sys-
tems from 2011 to 2021, as shown in Fig. 2 ( b-d). From 
the perspective of distribution location, the center of the 
curve in the central region shows an evolution process of 
moving right year by year, and the eastern and western 
regions show a trend of moving left first and then moving 
right. From the perspective of distribution pattern, there 
are obvious differences in the three regions. The peak 
value of the eastern and central regions shows a down-
ward trend in the fluctuation, and the trend of the peak 
width is ’ narrowing-widening ’, while the peak fluctua-
tion of the western region shows an upward trend, and 
the width becomes narrower, which indicates that the 
coupling and coordination degree of medical education 
and health resource allocation in the eastern and cen-
tral regions has been down-regulated, while the coupling 
degree of the two in the western region has been signifi-
cantly up-regulated.From the perspective of curve ductil-
ity, the kernel density curves of the eastern and central 
regions showed a right-tailed widening trend during the 
investigation period, indicating that the gap between the 
coupling coordination degree of the two systems in each 
region increased. The nuclear density curve in the west-
ern region shows a left tail, and the tail is getting shorter 
and shorter, which indicates that the gap between the 
coupling coordination degree of the two systems in each 
region is narrowing. From the number of curve peaks, 
during the investigation period, except that the western 
region has always been stable as a single peak, it shows 
that the western region is currently in a state of graded 
weakening; the eastern and central regions showed a 
trend of ’ single peak-double peak-single peak ’, indicating 
that it showed a polarization state in the early stage, and 
then the degree of polarization gradually weakened, and 
the gap within the region gradually decreased.

QR quantile regression analysis
Quantile Regression ( QR) can reveal the influence of 
independent variables on dependent variables at dif-
ferent quantiles, so as to understand the relationship 
between variables more comprehensively. When deal-
ing with the spatial and temporal heterogeneity of vari-
ables, compared with the traditional OLS model, the 
QR model can better capture the complexity of the data, 
reduce the problems caused by outliers and non-normal 



Page 10 of 17Jieting et al. BMC Medical Education          (2024) 24:863 

Fig. 2 Distribution evolution of coupled coordination degree between two systems

Table 4 Distribution characteristics of kernel density curves of coupling coordination of medical education and health resource 
allocation in China and the three major regions

District The number of crest 
changes

Main peak 
displacement

Main peak change Ductility Polarization 
characteristics

The whole country Unimodal-Bimodal-
Unimodal

Move left-Move right rise-fall Right trailing widens Polarization-Less polariza-
tionnarrower-wider

The east area Unimodal-Bimodal-
Unimodal

Move right-Move left rise-fall Right trailing widens Polarization-Less polariza-
tionnarrower-wider

The midland area Unimodal-Bimodal-
Unimodal

Move right rise-fall Right trailing widens Polarization-Less polariza-
tionnarrower-wider

The west area Unimodal-Unimodal Move right-Move left fall-rise Left trailing convergence Differentiation weakening

wider-narrower
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distribution, so as to avoid the deviation that may be 
caused in statistical analysis. By setting different quan-
tiles, the QR model weights the samples according to 
these quantiles, so as to estimate the conditional distri-
bution of dependent variables under different conditions, 
and then reveal the marginal effect of the coupling coor-
dination degree between medical education and health 
resource allocation. The advantage of this method is that 
it not only avoids sample reduction, but also considers 
the information of the entire sample set, thus provid-
ing a more robust analysis framework to supplement the 
limitations of the OLS model. Therefore, this paper intro-
duces the QR quantile regression model to further ana-
lyze the influence of each variable at different quantiles 
on the coupling coordination degree of medical educa-
tion and health resource allocation, as shown in Table 5.

Based on the analysis of quantile regression model, per 
capita GDP, residents ’ income difference and population 
size all have a significant positive impact on the coupling 
coordination level of the two systems. Specifically, the β 
coefficient of per capita GDP at each quantile fluctuates 
between 2.666 and 7.931, and basically shows a V-shaped 
trend. Among them, the 0.1–0.4 quantiles basically show 
a gradual weakening trend, and the 0.5–0.9 quantiles 
show a gradual upward trend, and all passed the signifi-
cance test at the 1% level. It shows that the level of eco-
nomic development has a positive effect on the degree of 
coupling and coordination between the two systems, and 
the higher the level of economic development, the higher 
the degree of coupling and coordination between the two 
systems. The income difference of residents in the 0.2–
0.9 quantile has a positive impact on the coupling coordi-
nation degree of the two systems. Specifically, the 0.2–0.5 
quantile basically shows a gradual upward trend, and the 
0.6–0.9 quantile shows a gradual downward trend. The 
variation range of the β coefficient is between 0.033 and 
0.071, and all passed the significance test of the 5% level. 
This shows that the income difference of residents has a 
positive effect on the coupling coordination degree of the 
two systems, but this effect is not nonlinearly increasing, 
but gradually decreases with the expansion of the income 
gap.The population size has a significant positive impact 
on the coupling coordination degree of the two systems, 
and its β coefficient fluctuates between 0.015 and 0.037, 
and both pass the significance test at the 5% level, indi-
cating that with the increase of population size, the cou-
pling coordination degree between the two systems will 
also increase accordingly. However, the level of R & D 
innovation has a significant negative impact on the cou-
pling coordination level of the two systems only at the 
0.3–0.5 quantile, and its β coefficient is between-0.005 
and 0.004, and both pass the significance test of the 5% 
level, which indicates that at the low quantile level, with 

the improvement of the level of R & D innovation, the 
coupling coordination level between the two systems has 
declined. The degree of aging has not passed the signifi-
cance test for the coupling coordination level of the two 
systems at each quantile, so it cannot be said that there is 
a significant correlation between the degree of aging and 
the coupling coordination level of the two systems.

Robustness test
In order to ensure the stability and reliability of the 
results obtained, this paper conducts a lag-phase robust-
ness test on the explanatory variable, that is, the coupling 
coordination level of the two systems. Model ( 1) is the 
benchmark regression result, and Model ( 2) is the one-
period lag two-system coupling coordination level lag 
one-period regression result. The results of the test show 
that the positive and negative of the main explanatory 
variables and the overall significance have not changed 
significantly, which further confirms the robustness of 
the benchmark regression results. The results are shown 
in Table 6.

Discussions
The coupling coordination degree of medical education 
and health resource allocation in China shows a steady 
upward trend. Although the growth rate is relatively flat, 
the coupling coordination degree of each province has 
been improved to a certain extent. With the improve-
ment of the quality of medical education and the optimi-
zation of health resource allocation, the interaction and 
synergy between the two systems have been enhanced as 
a whole. With the continuous growth of China ’s econ-
omy and the overall progress of society, the government 
’s investment in medical and health undertakings has 
increased year by year, which provides a solid material 
basis for the development of medical education. The edu-
cation department has significantly improved the quality 
of medical education by reforming the medical education 
system, strengthening the construction of teaching staff, 
and updating teaching equipment and teaching materi-
als. At the same time, with the improvement of residents 
’ health awareness, the demand for high-quality medical 
services is increasing, which forces medical education to 
adapt to the market demand and cultivate more medi-
cal talents with clinical practice ability [42]. Comparing 
the coupling coordination degree between regions, the 
gap between East-Central and East–West is gradually 
narrowing, while there are still significant differences 
between Central-West. With the advancement of eco-
nomic integration in the eastern and central regions, the 
effective diffusion of education and health resources to 
the central region has been promoted, and the rapid rise 
of the central region has been accelerated. At the same 
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time, the cooperation and fixed-point assistance in medi-
cal education and health resources between the eastern 
and western regions continued to deepen, and the medi-
cal education and health resources in the western region 
were improved, which promoted the construction of a 
diversified medical system with medical and health care 
as the core and medical education as the support, and 
gradually improved the medical security system. Rely-
ing on the advantages of economic development, the 
eastern region has gathered high-quality medical educa-
tion resources, attracted high-tech talents, and formed a 
strong atmosphere of medical education. High popula-
tion density and high-quality living needs have created an 
urgent need for high-quality medical services, and pro-
moted the concentration and optimal allocation of medi-
cal resources in the region. Due to the remote location 
and inconvenient transportation in the western region, 
the development of medical education and the flow of 
medical resources are limited, and the number and qual-
ity of medical colleges are limited, which leads to the lack 
of medical education resources and affects the training 
and reserve of local medical talents.As a transitional zone 
between the eastern and western regions, the central 
region enjoys the economic radiation effect of the east-
ern region and faces the development needs of the west-
ern region, which has unique geographical advantages. 
With the steady economic growth and population growth 
in the central region, the demand for medical services 
has grown steadily, providing lasting impetus for medi-
cal education and health resource allocation. Through 
national policy support to promote the development of 
medical and health care in the central region, narrow the 
gap with the eastern and western regions, and promote 
the balanced distribution and optimal allocation of medi-
cal and health resources in the country.

From 2011 to 2021, the spatial distribution character-
istics of medical education and health resource alloca-
tion in China showed significant spatial correlation and 
cluster effect. The global Moran ’s I index has been posi-
tive for many years. The stability of this statistical index 
reflects that the spatial distribution of medical educa-
tion resources and health resource allocation across 

the country is not random, but shows a certain regular-
ity, that is, the geographically close regions have similar 
trends in the development level of these two aspects. 
The spatial distribution of medical education and health 
resources allocation showed a clear change from east to 
west. Due to the high level of economic development, 
population density and policy support, the provinces in 
the eastern region have relatively more investment and 
accumulation in medical education and health resource 
allocation, attracting a large number of medical and 
health high-tech talents, forming a ’ high-high ’ agglom-
eration model. At the same time, due to the remote 
geographical location, poor natural conditions, lagging 
economic development and brain drain, the provinces 
in the western region have relatively less investment and 
accumulation in medical education and health resource 
allocation, and the level of medical services is relatively 
low, forming a ’ low-low ’ agglomeration model.From 
2011 to 2021, the Chinese government has implemented 
a series of policies and measures aimed at optimizing the 
allocation of resources and narrowing the regional devel-
opment gap, such as the western development, the revi-
talization of the northeast, the rise of the central region 
and other strategies, as well as poverty alleviation work 
in poverty-stricken counties and medical and health sup-
port policies for rural areas. The implementation effect 
of these policies is reflected in the spatial distribution of 
medical education and health resource allocation. For 
example, the local Moran ’s I index rose from 0.048 in 
2011 to 0.051 in 2021.Although the change range is not 
large, it shows that the imbalance of resource allocation 
has improved, and resources have begun to flow to the 
central and western regions, but the overall gap between 
the eastern and central and western regions is still sig-
nificant. In addition, with the passage of time, some 
provinces located in the second and fourth quadrants 
have gradually transitioned to the first and third quad-
rants, which reflects that the spatial distribution of medi-
cal education and health resource allocation in China is 
undergoing a process from equilibrium to imbalance, 
and then to a new equilibrium adjustment. This change is 
not only guided by national policies, but also affected by 

Table 6 Robustness test results

*** represents the significance level of 1 %

System Index (1) (2)

Din 0.391*** (0.057)

Economic development level Per capita GDP 2.254***(0.540) 1.797***(0.556)

Differences in residents’ income 0.057***(0.008) 0.029*** (0.008)

Population development level Population size 0.001(0.002) 0.002 (0.002)

Social development level the level of R & D innovation -0.001(0.001) -0.001(0.001)

The degree of aging -0.001(0.001) -0.001(0.001)
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multiple factors such as market forces, population mobil-
ity and social needs.

The Kernel density estimation analysis reveals the 
dynamic characteristics of the coupling coordination 
level of medical education and health resource allocation 
in different geographical regions over time. In the whole 
country and the eastern region, the coupling and coordi-
nation degree of medical education and health resource 
allocation tends to be concentrated after experiencing 
initial fluctuations, and the polarization phenomenon 
has weakened. This change trend may be related to the 
country ’s key development policy for the eastern region. 
As an economically developed region, the eastern region 
has given priority to the development of infrastructure 
construction and public service system, and various 
undertakings, including medical education and health 
resource allocation, have also been significantly strength-
ened. With the passage of time, the medical education 
and health resource allocation in this area have gradu-
ally achieved more efficient integration and utilization, 
thus improving the level of coupling and coordination. 
The change trend of coupling coordination degree in the 
central region is similar to that in the whole country and 
the eastern region, but because of its low starting point, 
the coupling coordination degree is obviously improved. 
This indicates that the central region may have taken a 
series of measures to strengthen the allocation of medi-
cal education and health resources in recent years, such 
as improving the level of medical education, optimizing 
the allocation of medical education and health resources, 
and improving medical and health infrastructure.The dis-
tribution of coupling coordination degree in the western 
region is relatively stable, but the shift of peak position 
and the weakening of polarization may reflect the special 
development trend and regional differences in medical 
education and health resource allocation in the region. 
As an economically underdeveloped area, the infra-
structure construction and public service system in the 
western region started late. However, in recent years, the 
state ’s support for the western development strategy has 
been increasing, which may lead to the investment and 
development of medical education and health resource 
allocation in the region. However, due to factors such as 
economic development and natural conditions, the devel-
opment of the western region still faces many challenges, 
which may lead to the improvement of its coupling coor-
dination degree is not as obvious as that of the eastern 
and central regions.The main peak displacement in the 
whole country and the eastern region shows that the cou-
pling and coordination degree of medical education and 
health resource allocation has improved over time. These 
regions have made some progress in integrating medical 
education and health resources. However, the transfer of 

the main peak position and the weakening of the polari-
zation degree may also mean that although the overall 
improvement has been made, in some sub-regions or 
specific time periods, there may be resource reallocation, 
resulting in fluctuations in the degree of coupling and 
coordination. This suggests that while promoting overall 
development, policymakers should also pay attention to 
balanced development within the region, avoid excessive 
concentration or neglect of resources, and ensure that all 
regions can share development results fairly.

The RQ quantile regression analysis shows that the 
impact of per capita GDP on the medical and health field 
is a dynamic and non-linear process. When the per capita 
GDP is low, although the financial resources are limited, 
the optimal allocation of medical resources can be real-
ized through scientific planning, effective management 
and innovative financing mode, so as to strengthen the 
primary medical service system, improve the accessibil-
ity of medical services, and provide basic guarantee for 
public health [43]. With the growth of per capita GDP, 
the increase of fiscal revenue enables the government 
to increase investment in medical education and health 
resource allocation, so as to promote the quality and 
efficiency of medical services, improve the imbalance 
of resource allocation [44], and provide support for the 
sustainable development of the economy. The positive 
incentive effect of residents ’ income difference on the 
coupling and coordination of the two systems at the mid-
dle and high quantiles is gradually weakened, indicating 
that moderate income difference can stimulate social 
vitality and creativity, and then provide more impetus 
and resource support for medical education and health 
resource allocation.When the income difference of resi-
dents exceeds the threshold, its positive incentive effect 
on the coupling and coordination level of medical educa-
tion and health resources tends to weaken. Low-income 
groups may be difficult to obtain necessary medical ser-
vices due to limited resources, which directly affects their 
health level. The inequality of income difference may 
further aggravate the differentiation of the labor market, 
limit the employment opportunities and career develop-
ment of low-income groups, and thus pose a threat to the 
stability and growth of the entire economic system. The 
population size has a significant positive impact on it in 
the middle and high quantiles. The expansion of popula-
tion size leads to a significant increase in the demand for 
medical services, especially in densely populated areas. 
This trend has prompted the government and educational 
institutions to increase investment in medical education, 
and optimize the allocation of health resources. By opti-
mizing medical personnel training, facility construction 
and improving the public health system, strengthening 
medical security system and scientific and technological 
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innovation, promoting cross-regional cooperation, and 
paying attention to health education and public health 
emergency preparedness [45], in order to meet the health 
needs of the people, so as to better promote the sustained 
and healthy development of China ’s medical and health 
undertakings.The level of R & D innovation has a negative 
impact on it at low quantiles, indicating that the level of R 
& D innovation has not yet reached a higher stage, and its 
relatively low development trend may hinder the effective 
integration and synergy of medical education and health 
resource elements. Insufficient technological innova-
tion, limited R & D investment, and low conversion rate 
of innovation results limit the technological progress and 
application expansion of the two systems, which in turn 
affects the level of coupling and coordination between 
the two systems. In terms of resource allocation, due to 
the lack of advanced technical support and innovation 
guidance, it may lead to low efficiency of resource alloca-
tion and waste of resources, which restricts the improve-
ment of medical education and health service quality 
[46]. On the one hand, aging may lead to changes in the 
labor market, changes in consumer demand, etc., which 
will have a positive impact on the two systems [47]. On 
the other hand, aging may also bring problems such as 
social welfare pressure and increased demand for medi-
cal care, which have a negative impact on the two sys-
tems [48]. The offsetting of these positive and negative 
effects may lead to the fact that the degree of aging has 
no significant effect on the improvement of the coupling 
and coordination level of the two systems.

Advantages and limita‑tions
This study also has some limitations. First of all, due to 
data limitations, this study did not discuss the different 
educational levels, scales and structures of undergradu-
ate, postgraduate and doctoral students in medical edu-
cation from 2010 to 2020 on the level of health resource 
allocation. Secondly, when determining the appropriate 
scale of medical education, this study mainly focuses on 
demand-side factors such as resident population, float-
ing population and urban–rural differences, and does not 
explore supply-side factors such as training conditions 
of medical colleges and universities. In view of the above 
shortcomings, it is expected to continue to improve in 
future research in order to obtain more reliable conclu-
sions and policy recommendations.

Conclusion and policy suggestion
Healthy China needs a high-quality medical education 
system. Correct understanding of the coupling and 
coordination degree of medical education and health 
resource allocation, as well as the influencing factors of 
distribution dynamics, spatial and temporal evolution 

and social economy, can provide practical guidance 
for the construction of a new pattern of medical edu-
cation development. The study found that the coupling 
coordination degree of the two systems of medical 
education and health resource allocation level showed 
a steady upward trend during the observation period, 
and the global spatial positive correlation was gradually 
enhanced. The spatial agglomeration characteristics of 
’ high-high agglomeration ’ and ’ low-low agglomera-
tion ’ were found locally, and 25.81% of the provinces 
had transitions in the distribution pattern. The spa-
tial difference of coupling coordination degree shows 
a narrowing trend and develops towards equalization. 
Affected by social, economic and demographic factors, 
per capita GDP, residents ’ income difference and pop-
ulation size have a positive effect on the coupling and 
coordinated development of the two systems. Based on 
the above research conclusions, the following policy 
recommendations are proposed.

First of all, we should strengthen the quality moni-
toring of medical education and improve the contri-
bution of medical education in the allocation of health 
resources. The results show that the establishment of 
a supply and demand balance mechanism for medi-
cal education and health resource allocation, and the 
reasonable determination of the scale, structure and 
distribution of medical education are conducive to 
promoting the improvement of regional medical and 
health service capabilities [49, 50]. Although improv-
ing the scale of medical education can meet the needs 
of medical and health services for human capital to a 
certain extent, it can promote the improvement of the 
coupling and coordination between medical educa-
tion and health resource allocation in various regions. 
However, when the scale effect is lost, the develop-
ment level of medical education is difficult to support 
the construction of medical and health service system. 
Therefore, while moderately expanding the scale of 
medical education, we should focus on optimizing the 
quality of education, increase investment in medical 
education funds, policies and resources at the national 
level, and decentralize powers to provincial educa-
tion administrative departments in a step-by-step and 
phased manner. According to the actual needs of the 
allocation of health resources in local regions, each 
province connects the development of medical educa-
tion with the improvement of the allocation of health 
resources, and promotes the improvement of regional 
medical and health standards [51, 52]. Focusing on the 
national medical center and the national regional medi-
cal center, we will build a regional medical education 
community, narrow the differences in medical educa-
tion between regions, realize the sharing of medical 
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resources in the region, strengthen the complementary 
advantages of cooperation, and realize the high-quality 
development of medical education.

Secondly, we should give full play to the resource 
advantages of talent gathering in the ’ highland ’ of medi-
cal education, make better use of the mechanism of influ-
encing factors such as socio-economic population, and 
promote the coupling and coordination level of the two 
systems to develop in a high-quality and coordinated 
manner. Although there are significant spatial differ-
ences in the coupling and coordination degree between 
medical education and health resource allocation, in the 
face of the structural imbalance of health resource allo-
cation, resource misallocation and low input efficiency, 
especially the lack of effective supply of high-quality 
health resources in grass-roots and rural areas, the con-
tradiction between supply and demand of medical and 
health resources has become increasingly prominent 
[53]. Therefore, it is necessary to use the positive spatial 
correlation between the coupling coordination degree of 
medical education and regional innovation level, build 
a long-term cooperation and collaborative governance 
mechanism of regional medical education, and give full 
play to the spatial radiation effect of high coupling coor-
dination region, which can not only promote the posi-
tive diffusion of coupling coordination level, but also 
promote the coupling coordination degree of medical 
education and regional health resource allocation to the 
high-quality coordination level [54]. In the new stage of 
development, economic development is mainly driven by 
innovation, and the development of medical and health 
undertakings also depends on the innovative role of med-
ical education knowledge and technology [55]. Therefore, 
with the improvement of economic development level, 
accelerating the promotion of regional R & D level is con-
ducive to laying the economic and technical foundation 
for medical education. Then, under the influence of pop-
ulation size and aging process, the medical and health 
industry should actively feedback the talent demand 
intention to colleges and universities in combination with 
social reality, promote multi-agent active docking, and 
form a cultivation mechanism of government, universi-
ties and industry coordination [56].
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