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Abstract

:

This study combines the latest vague set similarity measurement method with the entropy weight TOPSIS method; furthermore, it applies the grey relational analysis method to establish a model for the synergistic development of supply and demand in the health industry, and it empirically analyzes the development status, synergy level, and synergistic development level of China’s health industry supply and demand from 2013 to 2021. The findings reveal that: (1) China’s health industry supply maintains steady growth, while demand grows rapidly. However, the overall level of supply and demand development is generally low, indicating significant potential for future development. Moreover, the development of the supply lags behind that of the demand, leading to an increasing gap year by year. (2) The level of synergy between supply and demand in China’s health industry is relatively high but is decreasing year by year. Although the degree of synergistic development between supply and demand continues to increase, it remains at a low level, indicating that high coordination between supply and demand comes at the cost of a low development level. (3) There exists a significant regional imbalance in the development of China’s health industry, with the overall difference showing a widening trend year by year. Regional disparities are the main source of the overall difference.
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1. Introduction


The development of China’s health industry is occurring during a rare era of opportunities. On one hand, China is facing a serious issue of population aging. By the end of 2021, the number of elderly people aged 60 and above in China reached 267 million, accounting for 18.9% of the total population [1]. In the vast population of China, the increase in the elderly population has led to a sharp rise in the demand for the health industry. On the other hand, the concept of nationwide health has been widely established and promoted in China. Since the 18th National Congress of the Communist Party of China, the Chinese government has introduced a series of policies to promote public health, such as the “Healthy China 2030” outline [2] and the “14th Five-Year Plan” for national health. Concepts like “Health is the foundation of people’s livelihood”, and “Without nationwide health, there is no comprehensive well-off society” have become deeply rooted in the hearts of the Chinese people. At the same time, the rapid increase in demand poses many new challenges to the development of the health industry, including regional uneven distribution of resources, disparities in the accessibility of health services, and the rising cost of medical expenses. To effectively address these challenges, it is necessary to conduct a thorough assessment of the current state of the health industry’s development and to undertake deeper research to identify more comprehensive and sustainable development models.



As a populous nation with a population of 1.4 billion, China’s health industry development should leverage the advantage of an enormous market, promote a virtuous cycle of “mutual promotion of supply and demand, and integrated production and marketing,” and firmly grasp the initiative for development. However, in China, the intricate interplay of multiple factors, such as the availability of healthcare services, medical resources, and the preferences and needs of the population, poses a formidable challenge to the coordinated development of the health industry. Therefore, this paper conducts an evaluative study of the coordination between supply and demand in the health industry and the level of industry development, aiming to comprehensively understand the operational status of China’s health industry and to identify the current problems and bottlenecks in the industry development through separate analysis and coordination between its supply and demand. Based on the evaluation results, government departments and enterprises can formulate corresponding policies and measures to promote the optimization of resource allocation and the upgrading of the health industry, thereby enhancing its service level and market competitiveness.



This study makes the following marginal contributions:




	(1)

	
The existing research on the development of China’s health industry tends to focus more on the study of the status of medical services [3] and public health [4,5] development in China; standardized definitions of the health industry in the literature and the provision of systematic methods to construct a comprehensive evaluation index system for assessing the development of China’s health industry are lacking. We established a comprehensive evaluation index system to assess the development of China’s health industry based on a supply–demand perspective.




	(2)

	
The evaluation research on the development level of the health industry supply and demand often neglects the existence of uncertain fuzzy data and their impact on the evaluation results. To address this issue, this study introduces the method of fuzzy set similarity measurement from fuzzy mathematics. This method enhances representational capability when dealing with evaluation problems characterized by fuzziness and uncertainty.




	(3)

	
Given the vast territory and significant economic and cultural disparities among regions in China, we incorporate kernel density methods and Gini coefficient analysis into the study of China’s health industry development, aiming to further analyze regional disparities in China’s health industry development and to identify their main causes.









The structure of the remaining chapters in this paper is as follows: Section 2 provides a review of the relevant literature. Section 3 introduces the research methods. Section 4 introduces the evaluation index system established in this paper. Section 5 analyzes the synergy and development status of supply and demand in China’s health industry. Section 6 summarizes the research conclusions and provides relevant recommendations.




2. Literature Review


2.1. Definition of the Health Industry


The health industry is a typical complex industry, and in order to study its development, it is necessary to provide a clearer definition of it. Different scholars define the health industry differently. Relman [6] provided an authoritative definition of the health industry for the first time, describing it as a “new medical-industrial complex” with a profit-oriented purpose; it encompasses a vast new industry that offers various healthcare services, including specialized hospitals, nursing homes, and home care. Tien et al. [7] depicted the health industry as a people-centered, complex service system composed of personnel, processes, and products. Based on their research, we defined the health industry. The health industry is a highly integrated sector with healthcare and pharmaceutical industries at its core; it expands and merges with multiple industries, such as health product manufacturing, health services, long-term care, and health insurance.




2.2. Evaluation of the Development Level of the Health Industry


Evaluating the development level of the health industry is a significant research area. Various methodologies have been used by both government and academia to assess this level. As early as 2007, the World Health Organization established a comprehensive assessment framework for the health industry, encompassing six essential components: services, workforce, information systems, pharmaceuticals and technology, financial aspects, and governance [8]. The Consolidated Health Economic Evaluation Reporting Standards 2022 (CHEERS 2022) stands as the most recent milestone in health economic evaluation [9] and is known for its universality. A continuous influx of scholarly articles focuses on assessing health industry development. For instance, Assaf et al. [10] demonstrated precise analysis of the health food service sector through data envelopment analysis. Moreover, Anderson et al. [11] introduced an innovative assessment framework for evaluating health industry development, focusing on gauging industrial resilience. Some studies have also touched upon the development of China’s health industry. Li et al. [3] conducted an assessment of the present quality of primary healthcare in China, elucidating its principal challenges and proposing potential solutions. Wang et al. [4] conducted a historical retrospective study on the development of public health in China spanning the last seven decades. They advocated prioritizing prevention and enhancing the quality of public health services for the future. Deng et al. [5] analyzed the principal inputs and outputs of China’s public health and healthcare policies, spotlighting the prevailing issues and challenges in the industry’s development.



Despite the important contributions made by the aforementioned studies in assessing the development of the health industry, there are still two unresolved issues at present. On the one hand, despite numerous studies on public health in China, there is still a lack of academic works that specifically focus on studying the Chinese health industry. On the other hand, there is currently no research that has established an evaluation index system suitable for assessing the development of the health industry in China. Due to China’s large population, vast territory, and significant regional differences in terms of economic, cultural, and environmental aspects, it is necessary to establish a multi-indicator evaluation system based on reasonable criteria when assessing the development of the health industry. This system should objectively and accurately reflect the actual level of health industry development in the different regions of China.




2.3. Research on the Synergistic Development of Supply and Demand in the Health Industry


The utilization of supply and demand analysis in industry development is broad. Comparing industry supply with demand through research enables a precise alignment of these factors, enhances industry synergies, mitigates supply–demand disparities, and fosters the industry’s health within a state of equilibrium between supply and demand. Many studies have also recognized the importance of supply–demand coordination in industrial development and have conducted in-depth discussions on the development of the health industry from this perspective. Engel et al. [12] focus on the supply–demand gap and utilize survey results from participants in the Harvard Global Health Delivery Project to investigate the inconsistency between medical diagnostic demand and supply. Gopalan et al. [13] studied how fiscal incentives on the demand side influence the coordination of supply and demand in the healthcare industry in low- and middle-income countries. Govinda et al. [14] applied the theory of supply–demand coordination in management studies, analyzing the decision making associated with the healthcare supply chain and demand management after the outbreak of the 2019 coronavirus disease. Vidoli et al. [15] conducted a case study in Italy to examine the spatial alignment of demand and supply in the healthcare industry at the municipal level. Referring to the above studies, in establishing an evaluation index system for the development level of China’s health industry, we chose to conduct our study from the perspective of supply and demand. Based on this, we selected the supply–demand synergy degree in the health industry to determine the balance of development on both sides of the industry’s supply and demand; then, through the degree of the synergistic development of supply and demand in the health industry, we comprehensively considered the overall development level of the health industry.





3. Methods


3.1. Evaluation of Vague Value Calculation for Evaluation Data


3.1.1. Transformation of the Initial Vague Value of Evaluation Data


The development level of the health industry is influenced by many factors, such as society, environment, economy, ethnicity, and local culture, which are difficult to precisely calculate. Therefore, the assessment of the development level of the health industry presents a problem with apparent uncertainty, and it should be explored and understood using fuzzy set theory. The core purpose of fuzzy set theory is to describe two types of information, support and opposition, using the concept of a membership degree. However, in reality, it is common not only to have elements supporting and opposing fuzzy concepts but also to exhibit hesitancy between support and opposition. The vague set is an extension of the fuzzy set and introduces the concept of vagueness. A vague set is more flexible than a fuzzy set in dealing with uncertain and fuzzy information and is closer to reality in describing objective phenomena; hence, it is more widely used in the research process.



We draw on the latest research findings of Feng Weibing et al. [16] and improve the traditional vague set evaluation method using a similarity measurement approach based on inclusion relationships. The specific calculation steps are as follows: first, each single-value data point within all the collected evaluation indicators is denoted as     x   i t j    , which represents the single-value data point for area   i   in year   t   and indicator   j  , which is then transformed into an initial vague value data point. An initial vague set for the supply–demand evaluation is established as A, and the true membership function is defined as       t   A   ( x   i t j   )  , which represents the lower bound of membership for the supporting evidence, while the false membership function is denoted as       f   A   ( x   i t j   )  , which represents the lower bound of membership for the opposing evidence. For convenience,       t   A   ( x   i t j   )   and       f   A   ( x   i t j   )   are represented, respectively, as     t   i t j     and     f   i t j    , and the transformation formula for the initial vague value data is defined based on the nature of the indicators. Let     x   i t j   m a x   =   m a x   1 ≤ i ≤ n   {   x   i t j   }  ,     x   i t j   m i n   =   m i n   1 ≤ i ≤ n       { x   i t j   }  :



The transformation formula for the initial vague value data is:


  A     x   i t j     =     t   i t j   , 1 −   f   i t j     =                 x   i t j       p   −       x   i t j   m i n       p           x   i t j   m a x       p   −       x   i t j   m i n       p     , 1 −     x   i t j   m a x   −   x   i t j       x   i t j   m a x   −   x   i t j   m i n       ,   Efficiency   Metrics             x   i t j   m a x   −   x   i t j       x   i t j   m a x   −   x   i t j   m i n     , 1 −         x   i t j       p   −       x   i t j   m i n       p           x   i t j   m a x       p   −       x   i t j   m i n       p       ,         Cost   Metrics                      



(1)







In the formula,   p   is typically set to 2.



At this point, the uncertainty of the initial vague set is denoted as     π   i t j    :


    π   i t j   = 1 −   t   i t j   −   f   i t j    



(2)








3.1.2. Improvement of the Initial Vague Set Using Similarity Measurement Methods Based on Inclusion Relationships


Define     α   i t j    ,     β   i t j    , and     γ   i t j     as the support, opposition, and uncertainty when considering the secondary evaluation, which is calculated as follows:


      γ   i t j   = 1 −   α   i t j   −   β   i t j    










  = 1 −     t   i t j   +   π   i t j   ×   t   i t j     −     f   i t j   +   π   i t j     × f   i t j      



(3)







Then, the new vague set for the supply–demand evaluation is established as    A ′   :


   A ′      x   i t j     =     α   i t j   , 1 −   β   i t j      



(4)









3.2. Selection of Positive and Negative Ideal Points in TOPSIS Based on the Entropy Weight of New Vague Values


The core of the TOPSIS (Technique for Order Preference by Similarity to Ideal Solution) method lies in the calculation of the weighted Euclidean distance between each solution and the positive and negative ideal values, using the degree to which each solution is close to the positive ideal value and far from the negative ideal value as the evaluation criterion. This evaluation method combined with the vague set can not only simultaneously express information regarding “support”, “opposition”, and “uncertainty” but can also determine the relative advantages of the evaluation objects based on the amount of relatively known and unknown information. We employed the entropy weight method to determine the indicator weights and, based on the calculated new vague set, identified the positive and negative ideal points in the TOPSIS method [17]. First, all the single-value data     x   i t j     are standardized and denoted as     x   i t j   *    :


    x   i t j   *   =           x   i t j   −   x   i t j   m i n       x   i t j   m a x   −   x   i t j   m i n       ,     Efficiency   Metrics           x   i t j   m a x   −   x   i t j       x   i t j   m a x   −   x   i t j   m i n     ,           Cost   Metrics                    



(5)







Next, the utility value     g   j     of the indicators is calculated, where   n   represents the total number of regions in area   i  , and   T   represents the total number of time periods   t  .


    g   j   = 1 + 1 / l n ⁡ ( n )   ∑  i = 1   n          ∑  t = 1   T              x   i t j   *       ∑  i = 1   n      ∑  t = 1   T      x   i t j   *         × l n ⁡     x   i t j   *       ∑  i = 1   n      ∑  t = 1   T      x   i t j   *            



(6)







The weights for the supply and demand indicators are calculated separately based on the utility value     g   j     [18], where the total number of supply and demand indicators is denoted as     m   1     and     m   2    , respectively.     w   j     is used to represent the weights for the indicators:


    w   j   =           g   j       ∑  j = 1     m   1            g   j     ,   Supply           g   j       ∑  j = 1     m   2            g   j     ,   Demand        



(7)







Then, the corresponding fitness using the new vague value and the selected positive and negative ideal points is calculated accordingly. Let     b   i t j     represent the fitness of individual i with respect to indicator j at different times t:


    b   i t j   =   α   i t j   −   β   i t j    



(8)







The supply of positive and negative ideal points can be represented as follows:


        V   t   +   =           v   t 1   +   ,   v   t 2   +   , ⋯ ,   v   t   m   1     +     ,   Efficiency   Metrics           v   t 1   −   ,   v   t 2   −   , ⋯ ,   v   t   m   1     −     ,                   Cost   Metrics           ,     V   t   −   =           v   t 1   −   ,   v   t 2   −   , ⋯ ,   v   t   m   1     −     , Efficiency   Metrics           v   t 1   +   ,   v   t 2   +   , ⋯ ,   v   t   m   1     +     ,                 Cost   Metrics                     



(9)







The demand for positive and negative ideal points can be represented as follows:


        V   t   +   =           v   t 1   +   ,   v   t 2   +   , ⋯ ,   v   t   m   2     +     , Efficiency   Metrics           v   t 1   −   ,   v   t 2   −   , ⋯ ,   v   t   m   2     −     ,                 Cost   Metrics           ,   V   t   −   =           v   t 1   −   ,   v   t 2   −   , ⋯ ,   v   t   m   2     −     , Efficiency   Metrics           v   t 1   +   ,   v   t 2   +   , ⋯ ,   v   t   m   2     +     ,                 Cost   Metrics                     



(10)







    v   t j   +     represents the corresponding vague value in the new vague set for     m a x   1 ≤ i ≤ n   {   b   i t j     }  , and     v   t j   −     represents the corresponding vague value within the new vague set for     m i n   1 ≤ i ≤ n   {   b   i t j   }  .




3.3. Calculating the Development Degree of Supply and Demand Based on the New Vague Set


Based on the selected positive and negative ideal points, the development status of the health industry’s supply and demand at different time points and the similarity to the positive and negative ideal points, denoted as     d   i t   +     and     d   i t   −    , is calculated using the following formula:


    d   i t   =         d   i t   +   =         ∑  j = 1     m   1            w   j   M       α   i t j   , 1 −   β   i t j     ,   v   t j   +     ,   Supply         ∑  j = 1     m   2            w   j   M       α   i t j   , 1 −   β   i t j     ,   v   t j   +     ,   Demand               d   i t   −   =         ∑  j = 1     m   1            w   j   M       α   i t j   , 1 −   β   i t j     ,   v   t j   −     ,   Supply         ∑  j = 1     m   2            w   j   M       α   i t j   , 1 −   β   i t j     ,   v   t j   −     ,   Demand              



(11)







The similarity measurement formula for the new vague set’s singularity and the ideal point is as follows:


  M ( x , y ) =       m i n     α   x   ,   α   y     + m i n     β   x   ,   β   y     + 1 / 3 m i n     γ   x   ,   γ   y     ,   t   x   ≠ 0 ,   f   x   ≠ 0 ,   t   y   ≠ 0 ,   f   y   ≠ 0 ;       1 −   3     α   x   −   β   x   −     α   y   −   β   y       + 3     α   x   −   α   y       12 +     γ   x   −   γ   y     +   γ   x   +   γ   y               −   3     β   x   −   β   y     +     γ   x   −   γ   y     +   γ   x   +   γ   y     12 +     γ   x   −   γ   y     +   γ   x   +   γ   y     ,   t   x   = 0   o r     f   x   = 0   o r     t   y   = 0   o r     f   y   = 0        



(12)







The calculation of the development degree of supply and demand is as follows:


    λ   i t   =     d   i t   +       d   i t   −   +   d   i t   +      



(13)




where     λ   i t     ∈ [0, 1], a higher value of     λ   i t       indicates a greater similarity between the development status of the health industry’s supply and demand and the positive ideal point, implying a higher level of development.



Furthermore, the development degree of the entire health industry in the time period   t   is denoted as     λ   t   .   Calculating     λ   t     based on the above formula results in the supply development degree being denoted as     λ   i t   S     and the demand development degree being denoted as     λ   i t   D    , with the calculation of     λ   t     as follows:


    λ   t   =   w   S   ×   λ   i t   S   +   w   D   ×   λ   i t   D    



(14)







Due to practical significance, an equal weight of 0.5 is assigned to both supply and demand, where     w   S   =   w   D   = 0.5  .




3.4. Calculation of the Correlation between the Development of the Health Industry Supply and Demand


Based on the development of the health industry supply and demand and referring to the calculation method used by Luo et al. [19], the grey relative correlation and grey absolute correlation between the two are calculated to study the interaction and impact between health supply and demand. First, the absolute correlation is calculated: organize the development degree sequences of supply and demand, with the supply development degree denoted as     X   S   =     λ   i 1   S   ,   λ   i 2   S   , ⋯ ,   λ   i T   S       and the demand development degree denoted as     X   D   =     λ   i 1   D   ,   λ   i 2   D   , ⋯ ,   λ   i T   D      , and zeroize the initial sequence:


          X   s   0   =     λ   i 1   S   −   λ   i 1   S   ,   λ   i 2   S   −   λ   i 1   S   , ⋯ ,   λ   i T   S   −   λ   i 1   S     =     λ   i 1   S 0   ,   λ   i 2   S 0   , ⋯ ,   λ   i T   S 0             X   D   0   =     λ   i 1   D   −   λ   i 1   D   ,   λ   i 2   D   −   λ   i 1   D   , ⋯ ,   λ   i T   D   −   λ   i 1   D     =     λ   i 1   D 0   ,   λ   i 2   D 0   , ⋯ ,   λ   i T   D 0            



(15)







Organize the zeroed sequence of supply development degree as     s   S     and the zeroed sequence of demand development degree as     s   D    .


            s   S     =     ∑  t = 2   T − 1          λ   i t   S 0   +   1   2     λ   i T   S 0               s   D     =     ∑  t = 2   T − 1          λ   i t   D 0   +   1   2     λ   i T   D 0            



(16)







Calculate the absolute value of the difference between     s   S     and     s   D    .


      s   S   −   s   D     =     ∑  t = 2   T − 1            λ   i t   S 0   −   λ   i t   D 0     +   1   2       λ   i T   S 0   −   λ   i T   D 0        



(17)







The grey relative correlation between supply and demand is as follows:


    u   S D   =   1 +     s   S     +     s   D       1 +     s   S     +     s   D     +     s   S   −   s   D        



(18)







    u   S D     ranges from 0 to 1, with a higher value indicating a higher degree of correlation, and a lower value indicating a lower degree of correlation.



Next, calculate the relative correlation. Use the following formula to transform the initial sequence:


          X   S   ′   =       λ   i 1   S       λ   i 1   S     ,     λ   i 2   S       λ   i 1   S     , ⋯ ,     λ   i T   S       λ   i 1   S       =     λ   i 1    S ′    ,   λ   i 2    S ′    , ⋯ ,   λ   i T    S ′              X   D   ′   =       λ   i 1   D       λ   i 1   D     ,     λ   i 2   D       λ   i 1   D     , ⋯ ,     λ   i T   D       λ   i 1   D       =     λ   i 1    D ′    ,   λ   i 2    D ′    , ⋯ ,   λ   i T    D ′             



(19)







After reorganizing, the transformed sequences of supply and demand development degrees are denoted as     s   S   ′     and     s   D   ′    , respectively:


            s   S   ′     =     ∑  t = 2   T − 1          λ   i t    S ′    +   1   2     λ   i T    S ′                  s   D   ′     =     ∑  t = 2   T − 1          λ   i t    D ′    +   1   2     λ   i T    D ′             



(20)







The grey relative correlation between supply and demand is as follows:


    v   S D   =   1 +     s   S   ′     +     s   D   ′       1 +     s   S   ′     +     s   D   ′     +     s   S   ′   −   s   D   ′        



(21)







    v   S D     represents the degree of correlation of the supply and demand change rate, with a value ranging from 0 to 1. A higher value indicates that the change rate between the supply and demand is closer.



Finally, calculate the grey comprehensive correlation:


    α   S D   = θ ×   u   S D   +   1 − θ   ×   v   S D    



(22)







The grey comprehensive correlation comprehensively represents the degree of correlation between supply and demand in the health industry. In this article, θ = 0.5 is used to indicate equal attention to absolute quantity and change rate.




3.5. Calculation of the Synergy and Synergistic Development Degree of the Health Industry Supply and Demand


The distance coordination model is adopted to measure the synergy and synergistic development degree of the health industry; essentially, it measures the coordination of the system by measuring the Euclidean distance between the actual development status and the ideal status of supply and demand. By calculating the development degrees     λ   i t   S     and     λ   i t   D     based on Equation (11), which computes the distances between supply and demAand and their positive and negative ideal points, we consider the interaction between the supply and demand in the industry and calculate the coupling development degree of the health industry supply and demand, denoted as     λ   i t    S ′      and     λ   i t    D ′     , respectively:


          λ   i t    S ′    =   w   S   ×   α   S D   ×   λ   i t   S   +   w   D   ×   α   S D   ×   λ   i t   D             λ   i t    D ′    =   w   D   ×   α   S D   ×   λ   i t   S   +   w   D   ×   α   S D   ×   λ   i t   D            



(23)







Calculate the synergy degree of the health industry’s supply and demand:


    C   t   =        λ   i t   S           λ   i t   S     +     λ   i t   S   −   λ   i t    S ′        ×       λ   i t   D           λ   i t   D     +     λ   i t   D   −   λ   i t    D ′          



(24)







Finally, calculate the synergistic development degree of the health industry’s supply and demand:


    D   t   =    C   t   ×   λ   t     



(25)








3.6. Analysis of the Synergy and Synergistic Development Degree of the Health Industry Supply and Demand


3.6.1. ArcGIS


With the cross-integration of economics with other disciplines such as environmental economics and urban economics, there is an increasing demand for geographic information. ArcGIS can integrate economic data with geographic location information, thereby analyzing economic phenomena more comprehensively. This paper utilizes ArcGIS version 10.2 to express the spatial distribution of the synergy and development degree of the health industry by geographic region, thereby visually depicting the differences and connections between different regions more intuitively.




3.6.2. Kernel Density Estimation Analysis


The kernel density estimation method is a research approach that studies the distribution characteristics of data using the data themselves, overcoming the subjectivity issue of function form setting in parameter estimation and exhibiting strong robustness. This paper employs the kernel density estimation method [20], following the methods of Terrell and Scott, to examine the spatial distribution of the level of synergistic development in the health industry during the sample period. The basic functional form of kernel density estimation is as follows:


  f   a   =   1   n h   ×   ∑  i = 1   n    K (     A   i   − a   h     )  



(26)






  K   a   =   1    2 π      e   −     a   2     2      



(27)







In Equations (26) and (27),   n   represents the number of observations,   a   denotes independently and identically distributed observations, namely the synergistic development degree of supply and demand for the health industry.   K   ·     is the kernel density function; this paper uses the Gaussian kernel density function.   h   represents the optimal bandwidth, which is determined using the “rule of thumb”.




3.6.3. Dagum Gini Coefficient


This paper introduces Dagum’s Gini coefficient theory to decompose the spatial differences in the development level of the health industry, exploring regional disparities and their sources. The specific decomposition method refers to the study by Dagum [21].






4. Indicator System Construction and Data Sources


We select several indicators to assess the development levels of both supply and demand in the health industry, constructing evaluation index systems for the development of health industry supply and demand, respectively. The evaluation indicator system for health industry supply development is constructed based on the “Health Industry Classification (2019)”, published by the National Bureau of Statistics. Considering data availability, 12 major categories comprising a total of 35 indicators are selected to measure the development level of health industry supply, as shown in Table 1.



The evaluation indicator system for health industry demand development is constructed from the perspectives of the consumption capacity and consumption potential of the health industry. Consumption capacity includes residents’ expenditure, expenditure by enterprises and social organizations, government expenditure, and imports and exports. Consumption potential includes income, population, and consumption preferences. A total of 7 categories comprising 18 indicators were selected to measure the development level of health industry demand, as shown in Table 2.



Based on the construction of the indicator system, we selected panel data from 31 provinces (autonomous regions and municipalities directly under the Central Government) of China from 2013 to 2021 as research samples. Considering the accessibility of data, Taiwan, Hong Kong, and Macau were excluded. The data for this study mainly come from the “China Health and Health Statistical Yearbook”, “China High-tech Industry Statistical Yearbook”, and “China Statistical Yearbook”, with some data sourced from the National Economic and Social Development Statistical Bulletin, provincial statistical yearbooks, and the website of the National Bureau of Statistics (The above data can be obtained from the following websites: Various statistical yearbooks are from the EPS data platform: https://www.epsnet.com.cn/ (accessed on 1 September 2022) and the National Bureau of Statistics website: http://www.stats.gov.cn/ (accessed on 1 September 2022); National Economic and Social Development Statistical Bulletin data are from the National Development and Reform Commission website: http://www.ndrc.gov.cn/ (accessed on 1 September 2022)). The original data were processed as follows. To ensure the integrity of the data, interpolation was used to estimate individual missing data; some proportion data (such as the proportion of health industry exports to GDP and the proportion of traditional Chinese medicine planting area to total arable land area of crops, etc.) were calculated using original data.



Using Formulas (5)–(7), the weights for the various indicators of the development levels of health industry supply and demand were calculated, as shown in Table 1 and Table 2.




5. Analysis of the Level of Synergy and Synergistic Development of Supply and Demand in the Chinese Health Industry


5.1. Evolutionary Characteristics of the Supply and Demand Development Level of the Health Industry


Based on Equations (1)–(13), this paper calculates the supply and demand development level of the health industry in various regions and divides the 31 provinces (autonomous regions and municipalities directly under the central government) into 4 major economic zones: the eastern, central, western, and northeastern regions. (The eastern region includes Beijing, Tianjin, Hebei, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong, and Hainan. The central region includes Shanxi, Anhui, Jiangxi, Henan, Hubei, and Hunan. The western region includes Inner Mongolia, Guangxi, Chongqing, Sichuan, Guizhou, Yunnan, Shaanxi, Gansu, Qinghai, Ningxia, Xinjiang, and Tibet. The northeastern region includes Liaoning, Jilin, and Heilongjiang). Thus, the changing trends of the supply and demand development levels of the health industry in each region are illustrated, as shown in Figure 1.



From the perspective of supply development, the supply development level of China’s health industry shows a trend of low-level steady growth and widening regional disparities year by year. Overall analysis shows that the supply level of China’s health industry is relatively low. Although the average supply development index has steadily increased from 0.0961 in 2013 to 0.1589 in 2021, it has not yet reached 0.2. Analysis of the original data reveals significant structural disparities in the supply of health industry. The increase in the number of elderly care beds, the development of health education, the growth of medical and pharmaceutical patents, and the number of doctors has exceeded 500%, far outpacing other sectors. Meanwhile, the growth of other indicators remains relatively stable, indicating that the aging population and the increasing health awareness among residents have influenced the internal structure of healthcare industry development. A comparative analysis of the regional differences shows that the supply development index is highest in the eastern region, followed by the central region, and then by the western region and northeastern region, which have similar development levels. Since 2019, the supply development index in the northeastern region has consistently been slightly lower than that in the western region and has been the lowest among the four major economic regions. The supply development index of the health industry in various regions of China is showing a trend of widening disparities year by year. The gap in the supply development index between the eastern region and the northeastern region has increased from 0.0577 in 2013 to 0.1431 in 2021, a growth of 148.25%.



In terms of the degree of demand development, the demand development level of China’s health industry is also at a relatively low level, but the growth rate is fast, and there is a significant regional development imbalance phenomenon. The average development degree of demand in the health industry has rapidly increased at an average annual rate of 9.27%, from 0.1188 in 2013 to 0.2409 in 2021, an increase of 102.76%. A comparative analysis of the original data reveals that the indicators showing the greatest growth on the demand side of the health industry are the export value of the health industry, the number of participants in medical insurance, total health expenditure, and government budgetary health expenditure. This indicates that the demand for the health industry has been strengthened in various aspects, possibly due to factors such as changes in population structure, advancements in medical technology, and government policy support. This also reflects the increasing importance people place on health and medical care, indicating that the outlook for the development of the health industry is promising. However, while the demand for the health industry is rapidly developing, the gap in demand development degree between regions is also rapidly widening. The gap between the eastern and northeastern regions increased from 0.0919 in 2013 to 0.2427 in 2021, an increase of 164.25%. This exacerbates the regional imbalance in the development level of demand for the health industry. Currently, the development level of demand for the health industry shows the highest level in the eastern region, followed by the central region, and the lowest level in the western and northeastern regions. In 2021, the demand development degree in the eastern region had reached 2.73 times that of the northeastern region.



Combining the analysis of supply and demand development, the health industry in China is in a state of “supply shortage”, and the gap in the level of supply and demand development has been widening year by year. During the period from 2013 to 2021, the development degree of supply in various regions was lower than that of demand. According to the calculation of the gap in the level of supply and demand development in the average health industry in China, the difference was only 0.0227 in 2013, while it had reached 0.0820 in 2021. Moreover, the average annual growth rate of demand over the eight years was 12.85%, while supply was only 8.17%, which will further widen the gap between supply and demand in the future. By analyzing the gap in supply and demand between regions, it was found that the regions with higher levels of health industry development also have larger gaps in supply and demand development. Ranking regions according to the difference in supply and demand development degree in 2021 from high to low, they are, respectively, the eastern, central, northeastern, and western regions, with differences of 0.1495, 0.0715, 0.0499, and 0.0390. It can be seen that although the overall scale of the health industry continues to expand, the problem of imbalance in supply and demand development is becoming more serious. The promotion of the synergistic development of supply and demand in the health industry is an urgent issue that needs to be addressed.




5.2. Grey Comprehensive Correlation and Coupling Development Degree between Supply and Demand in the Health Industry


Using Formulas (14)–(22), the grey comprehensive correlation between supply and demand in the health industry from 2013 to 2021 was calculated overall, and the results are shown in Table 3.



Overall, the grey comprehensive correlation between the supply and demand of the health industry in various provinces and regions of China is relatively high, with the correlation level in each region averaging above 0.80, and 22 provinces and regions have a grey comprehensive correlation above 0.9, indicating that there is a significant interaction between the supply and demand of the health industry. Based on this, the degree of coupling development between the supply and demand of the health industry is calculated using Equation (23), and the results are shown in Table 4.



Compared to unilateral development degrees, the coupling development degree can portray the development of supply and demand while considering their interaction in the health industry. By analyzing the data in Table 4 and comparing them with those in Figure 1, three conclusions can be drawn.



After coupling, the degree of supply and demand development in the health industry shows a convergence trend, and the gap in the level of supply and demand development narrows. Due to the relatively increased level of supply development and the relatively decreased level of demand development in the health industry after coupling, the gap between supply and demand in various regions has been significantly reduced. Taking the year 2021 as an example, the national average gap between supply and demand in the health industry before coupling was 0.0820, which reduced to 0.0035 after coupling. Due to the significant reduction in the gap in the degree of supply and demand development after coupling, the development trend of the coupling degree between supply and demand showed a high degree of synchronicity, indicating the obvious mutual constraint and driving the relationship between supply and demand in the Chinese health industry.



After coupling, the degree of supply and demand development in the health industry still shows a “supply shortage” situation, and the backward development level on the supply side has a greater hindering effect on industry development. Although the gap in the degree of supply and demand development after coupling is significantly smaller than before coupling, the health industry still maintains a “supply shortage” status on both sides, and the gap between supply and demand continues to widen year by year. Further analysis of the changes in the development levels of supply and demand on both sides of the health industry before and after coupling reveals that the magnitude of the increase in supply level after coupling is smaller than that of the demand level, indicating that the hindrance of demand development in the health industry by supply is greater than the effort to promote supply development from the demand side of the health industry. It can be seen that the lag in supply-side development is an urgent issue that needs to be addressed in the development of the Chinese health industry.



After coupling, the regional differences in the degree of supply and demand development in the health industry continue to increase year by year. Due to the convergence effect of the coupling between supply and demand on the degree of development, the regional differences in supply and demand development are also somewhat reduced when the coupling effect is not considered. However, the gap in supply and demand levels between regions still maintains a trend of increasing year by year after coupling. In addition, the gap in the level of supply and demand development in the health industry after coupling still shows the highest distribution pattern in the east, followed by the central region, and the lowest distribution pattern in the western and northeastern regions, which is consistent with the distribution status before coupling.




5.3. Health Industry Supply–Demand Synergy Degree and Supply–Demand Synergistic Development Degree


5.3.1. Calculation of Supply–Demand Synergy Degree and Supply–Demand Synergistic Development Degree


The health industry supply–demand synergy degree and supply–demand synergistic development degree between 2013 and 2021 in each province (autonomous region and municipality directly under the Central Government) were calculated based on Formulas (24) and (25). The supply–demand synergy degree reflects the level of synergy in the development of health industry supply and demand, and the supply–demand synergistic development degree reflects the overall development level of the industry under the influence of the synergy level of health industry supply and demand. Table 5 shows the calculation results for some of the years.



The degree of synergistic development between supply and demand in the health industry is far lower than the degree of synergy between supply and demand; yet, as the level of industry development gradually increases, the degree of synergy decreases. The reason lies in the fact that although the overall development level of the health industry in various regions has been continuously improving in recent years, the gap in the supply and demand development levels has widened with the development of the industry, and the speed of overall development growth lags behind the speed at which the gap in supply and demand widens. The problem of “supply exceeding demand” is becoming increasingly serious, leading to a downward trend in the synergy between supply and demand. It is worth noting that, by combining the supply development degree not exceeding 0.24 and the demand development degree not exceeding 0.39 of the health industry in various regions, although there is a gap in the development of supply and demand in the health industry, the development degrees are both relatively low. Therefore, it is on the basis of low-level development on both the supply and demand sides that a higher composite synergy degree between supply and demand in the health industry is achieved. It can be seen that the development of China’s health industry not only needs to address the increasingly serious imbalance between supply and demand but also needs to improve the overall development level of the industry to break out of the development dilemma of “high coordination and low growth”. There is still a lot of room for improvement in the development of the health industry.



A further examination of the development status of the health industry in various provinces and regions was conducted. Using the two indicators of mean value and annual average growth rate for analysis, the four quadrants were divided based on the national average level; they were high level–high growth, low level–high growth, low level–low growth, and high level–low growth (Figure 2 and Figure 3). Regarding the analysis of supply–demand synergy, most provinces are located in the first and third quadrants, indicating that regions with high supply–demand synergy can still resist the trend of decline during the industrial development process, while regions with low synergy decline more rapidly, with the gap between the two widening over time, showing the “Matthew effect” of “the strong get stronger, the weak get weaker”; Hainan, Tibet, Anhui, and Shanghai are located in the second quadrant, indicating that although their overall synergy level is lower than the national average, their decline rate is slower; Hebei, Guizhou, Liaoning, Zhejiang, and Beijing are located in the fourth quadrant, where the industrial supply–demand synergy level is relatively high, but the trend of declining synergy is also more pronounced.



Regarding the analysis of supply–demand synergy development, Jiangsu, Guangdong, Zhejiang, and other regions located in the first quadrant have a good momentum in the development of the health industry, ranking at the forefront in both overall strength and growth rate and maintaining advantages; Yunnan, Xinjiang, Guizhou, and other regions are located in the second quadrant, indicating that although their overall level is lower than the national average, the growth rate of the health industry is relatively fast; most regions are located in the third quadrant, indicating that the Chinese health industry is still in an emerging growth stage with a low level and low growth rate, with enormous future development potential; Shandong and Hebei, located in the fourth quadrant, have strong development capabilities in the health industry, and after experiencing rapid growth, they have entered a stable development stage of improving quality and efficiency.




5.3.2. Spatial–Temporal Distribution of Supply–Demand Synergy and Supply–Demand Synergy Development


Based on Table 5, the supply–demand synergy and supply–demand synergistic development values of the health industry in various provinces (autonomous regions and municipalities directly under the central government) of China are calculated. Using data from 2021 as the baseline, and referring to the results of the natural break method for grouping, the level of synergy is divided into a moderate level (value lower than 0.6419), a relatively high level (value between 0.6419 and 0.8041), a high level (value between 0.8041 and 0.8987), and an extremely high level (value higher than 0.8987); the level of development is divided into a low level (value lower than 0.2041), a relatively low level (value between 0.2041 and 0.3445), a moderate level (value between 0.3445 and 0.4585), and a relatively high level (value higher than 0.4585). Selecting data from the years 2013 and 2021 as representatives, the distribution map of the composite supply–demand synergy and development degree of the health industry in China’s provinces is drawn using ArcGIS software 10.2 (Figure 4 is drawn based on the standard map of the Ministry of Natural Resources Map Technical Review Center (Review Number GS(2022)1873), and the boundaries of the base map remain unaltered) (Figure 4).



From 2013 to 2021, the overall synergy between supply and demand in the health industry presented a distribution pattern of “high in the middle, low in the east and west”. The eastern region had relatively low synergy between supply and demand; although its levels of supply and demand development were relatively high, the gap between its supply and demand development levels was the largest, and the imbalance in supply and demand was greater than the degree of development, resulting in its relatively low synergy. Conversely, the central region had smaller gaps between supply and demand compared to other regions with similar levels of development, thus showing higher synergy during the observation period. The western region showed the most stable synergy between supply and demand; although there was a decrease in synergy during the observation period, the fluctuation amplitude was smaller compared to other regions; however, its synergy between supply and demand was also relatively low. The northeastern region experienced the most significant overall decline in synergy between supply and demand. In combination with Table 5, it can be seen that the synergy level of the health industry between supply and demand in the northeastern region was the highest among the four major economic regions in 2013, but by 2021, the synergy had decreased by 10.53%, while the other three regions only averaged a decrease of 6.38%.



From 2013 to 2021, the level of synergistic development of supply and demand in the health industry showed a distribution pattern of “high in the east and south, low in the west and north”. In combination with data from Table 5, it can be seen that during the observation period, the levels of health industry development in the eastern, central, and western regions all showed significant improvement, with an average growth of 32.44% in the three regions. In contrast, the level of development in the northeastern region not only ranked the lowest among the four major economic regions, but also only increased by 11.42%. In combination with Table 5, it can be seen that the provinces with the slowest growth in composite synergy development between supply and demand in the health industry from 2013 to 2021 were Liaoning (7.96%), Qinghai (9.44%), and Jilin (9.69%); all except Qinghai belong to the northeastern region; thus, northeastern region ranks lower in the synergy development of the health industry between supply and demand. It is worth noting that compared with the synergy between supply and demand in the health industry, the level of industrial development in each region is not higher than 0.5, indicating a low level of development. Each region should implement corresponding measures to promote the synergy between supply and demand in the health industry, and the northeastern region should pay more attention to the development issues of the health industry.




5.3.3. Analysis of the Core Density of Health Industry Development


Based on the calculated degree of supply–demand synergistic development in the health industry, this study adopts the kernel density estimation method to investigate the dynamic evolution of the distribution of the health industry development levels during the sample period.



Observed from a national perspective (Figure 5), the center of gravity of the kernel density curve of the health industry development is generally left-skewed, with a noticeable phenomenon of “low-side peaks”, where high-value areas are scarce and low-value areas are abundant. The increasing number of peaks indicates a trend of increasing dispersion in the level of health industry development across regions during the sample period. In the observed low-value areas, the main peak height does not show a significant downward trend, confirming the overall low level of China’s health industry development. In the observed high-value areas, the gradually emerging peaks indicate that the level of health industry development in some provinces is higher than in other domestic provinces and that their development speed is rapid.



The dynamic evolution characteristics of kernel density in the four major economic regions (Figure 6) were analyzed. (1) Eastern Region: Compared with the number of peaks in other regions, the eastern region shows a more obvious multipeak pattern, indicating a significant trend of polarization in the development level of the health industry in the eastern region. (2) Central Region: During the sample period, the kernel density curve of the central region shows a significant bimodal phenomenon, and the two peaks gradually shift towards the high-value area, indicating the existence of polarization in the development level of the health industry in the central region. Although the regional development level generally improves, the gap between extreme values and the average value within the region has not gradually narrowed. (3) Western Region: In a similar manner to the central region, the western region also exhibits a significant bimodal phenomenon, and the distance between the main peak and the side peak increases year by year. The polarization characteristics tend to strengthen overall, and the degree of differentiation within the region gradually increases. (4) Northeastern Region: The development level of the health industry in the northeastern region is relatively low. Compared with other economic regions of China, the kernel density curve distribution in the northeastern region during the sample period is the most concentrated, and the height increases year by year, with the smallest development gap within the region.




5.3.4. Analysis of Spatial Differences and Sources Decomposition of the Development Level of the Health Industry


Based on the calculated synergy of supply and demand in the health industry, this paper employs Gini coefficient calculation and the decomposition method to study the regional differences and their sources in the development of the health industry. The calculation and decomposition results of the Gini coefficient of the synergy between supply and demand in the health industry are shown in Table 6.



Overall, the Gini coefficient of the development of the health industry shows an increasing trend during the sample period, indicating that the inter-provincial gap in the development of the health industry continues to widen without showing a trend of convergence. In terms of contribution rate, regional differences are the main source of inter-provincial differences in the development of the health industry in China, indicating that regional disparities are the main problem restricting the synergy between supply and demand in the Chinese health industry. The contribution rates of super-variable density differences and intra-regional differences are particularly stable, and both have been maintained at around 25% for a long time.



Further analysis of the Gini coefficient in each region reveals the following. Firstly, except for the northeastern region, the intra-regional differences generally show an increasing trend. The eastern and central regions exhibit relatively small fluctuations in intra-regional differences, while the western region experiences a rapid increase in intra-regional differences, and the northeastern region undergoes a sharp decline in intra-regional differences. This aligns with the conclusions drawn from the previous kernel density analysis, indicating that during the sample period, the western region tends to strengthen its polarization in development, while the development level in the three northeastern provinces is generally low, with the smallest regional differences. Secondly, in terms of inter-regional differences, the disparity between the eastern and western regions is the largest, followed by the difference between the eastern and northeastern regions, indicating that the development level of the health industry in the eastern region significantly surpasses that of the whole country, leading to a development gap with other regions. The levels of difference between the eastern and central regions, the northeastern and central regions, and the northeastern and western regions only show slight fluctuations during the study period, while the development gap between the central and western regions experiences a leapfrog increase. In combination with Table 5, it can be observed that the gap in the synergy of supply and demand in the health industry between the central and western regions increased by 55.21% during the study period. While the central region significantly outperforms the western region in terms of the foundation of health industry development, its development speed is also faster, leading to a gradual widening of the gap between the two.






6. Conclusions and Discussion


6.1. Conclusions


Based on the perspective of supply and demand, this study constructs a model of synergistic development of supply and demand in the health industry, and empirically analyzes the development status, degree of synergy, and level of synergistic development of supply and demand in the Chinese health industry from 2013 to 2021. The main research conclusions are as follows:




	(1)

	
The level of development of China’s health industry supply and demand is relatively low, and the phenomenon of supply not meeting demand is becoming increasingly serious. The supply growth rate is slow, while the demand growth rate is fast, leading to significant regional development disparities. By independently analyzing the development status of both the supply and demand sides of the health industry during the study period, China’s health industry exhibited steady growth on the supply side and rapid development on the demand side, but the overall level of supply and demand development was low, with significant regional disparities. The level of supply development both before and after coupling generally lagged behind the level of demand development, and the gap between supply and demand widened year by year with the development of the industry.




	(2)

	
The level of synergy between supply and demand in the health industry is relatively high, but it has been decreasing year by year, while the degree of synergistic development continues to grow, albeit at a low level. However, the high level of synergy in the industry is based on low levels of supply and demand. The overall synergy between supply and demand presents a distribution pattern of “high in the middle, low in the east and west,” and there is a solidified hierarchical development situation of “the higher get higher, the lower get lower.” The level of synergistic development in the health industry decreases from southeast to northwest, and as a “sunrise industry” in its rising phase, the synergy between supply and demand in most provinces still remains at a low level with low growth rates.




	(3)

	
The spatial distribution of the health industry development is uneven, and regional disparities are increasingly widening. The number of peaks in the kernel density curve shows an increasing trend year by year, indicating that the differences between the provinces within the region are gradually expanding and that the level of dispersion is strengthening. The calculation and decomposition results of the Dagum Gini coefficient indicate that the overall difference in the development of the health industry is expanding nationwide, with regional disparities being the main source of the overall difference, while intra-regional differences and ultra-density variations contribute relatively less to the overall difference.










6.2. Theoretical Contribution


The results of this study offer several noteworthy theoretical contributions. Firstly, we explicitly defined and delineated the Chinese health industry as the focus of our study and constructed an evaluation index system based on the statistical classifications provided by the National Bureau of Statistics of China; this system holds a certain value for the advancement of the research on the Chinese health industry. Furthermore, we adopted a supply–demand perspective as the primary approach for evaluating the health industry and introduced fuzzy mathematical evaluation methods to consider the uncertain information in the assessment of the developmental level of the health industry, which enables a more comprehensive assessment of the development of the health industry and aids in the identification of potential issues and development opportunities within the industry. Lastly, the introduction of vague evaluation methods to handle uncertain information has provided a new approach for assessing the developmental level of the health industry, enhancing the scientific rigor and accuracy of the evaluation.




6.3. Managerial Contribution


This study holds practical significance for policymakers, urban planners, and city officials. Firstly, it emphasizes that the Chinese health industry is still in its early stages of development and cannot meet the growing health demands of the population. For the government and relevant practitioners, this indicates that the primary goal of development should be to improve the overall development level of the health industry. Furthermore, this study underscores the increasing disparity between supply and demand in the health industry over time. Decision makers involved in the development of the health sector should prioritize achieving supply–demand equilibrium to foster comprehensive coordinated advancement. They should acknowledge the existence of lagging supply-side progress, identify the underlying causes, and present tailored remedies. Additionally, the study highlights the importance of narrowing the development gap in the health industry between regions. For urban officials and planners, on one hand, development in the eastern and central regions can drive the development of the western and northeastern regions, deepen the exchange and cooperation of the health industry between regions, strengthen investment attraction and industrial transfer in the health industry field, and narrow the gap in the development level of supply and demand in the health industry between regions. On the other hand, through inter-provincial industrial docking and transfer, policy support, and other means, the exchange of health capital between adjacent provinces can be promoted in order to continuously promote the interconnection of natural, material, financial, social, and human health capital elements, thereby promoting coordinated development of supply and demand in the health industry.




6.4. Limitations and Future Research


Due to limitations in the data sources and the complexity and diversity of the Chinese health industry, there may be other unconsidered factors influencing industry development; thus, this study did not delve deeper into the reasons for market and industry evolution. Therefore, future research could focus more on the processes of market and industry evolution, as well as the factors influencing these processes, thereby providing a more comprehensive and in-depth understanding. Additionally, if research could be conducted using data from Chinese health industry enterprises to understand how these enterprises respond to government policies, changes in consumer demand, and their strategies and behaviors at different stages, it would provide valuable insights into the dynamic micro-level development of the health industry.
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Figure 1. Trend chart of the development of supply and demand in the health industry from 2013 to 2021. 
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Figure 2. Average level and annual growth rate of supply–demand synergy degree in the health industry. 
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Figure 3. Average level and annual growth rate of supply–demand synergistic development in the health industry. 
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Figure 4. Spatial–temporal distribution of supply–demand synergy and supply–demand synergistic development. 
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Figure 5. Density curve of supply–demand synergistic development degree of China’s health industry from 2013 to 2021. 
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Figure 6. Density curve of supply–demand synergistic development degree of China’s health industry from 2013 to 2021 (four major economic zones). 
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Table 1. Evaluation index system and weights for the development of the health industry supply.
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Primary Indices

	
Secondary Indices

	
Unit

	
Weight

	
Attribute






	
Medical and Health Services

	
Number of Medical and Health Institutions

	
Units

	
0.0264

	
+




	
Number of Health Personnel

	
People

	
0.0192

	
+




	
Number of Beds in Medical Facilities

	
Units

	
0.0193

	
+




	
Number of Practicing Doctors

	
People

	
0.0186

	
+




	
Health Affairs, Healthy Environment Management, and Research Technology Services

	
Urban Sewage Treatment Rate

	
%

	
0.0027

	
+




	
Harmless Treatment Rate of Household Garbage

	
%

	
0.0027

	
+




	
Full-time Equivalent Research and Development (R&D) Personnel in Medical Research Institutions

	
People

	
0.0424

	
+




	
Number of Medical Research Institutions

	
Units

	
0.0328

	
+




	
Health Talent Education and Health Knowledge Dissemination

	
Health Education: Technical Consultation and Policy Advice

	
Occurrences

	
0.0669

	
+




	
Number of Health Education Training Participants in Health Education Professional Institutions

	
Occurrences

	
0.0316

	
+




	
Public Health Education Activities

	
Occurrences

	
0.0286

	
+




	
Health Promotion Services

	
Number of Public Libraries

	
Units

	
0.0176

	
+




	
Number of Travel Agencies

	
Units

	
0.0191

	
+




	
Number of Employees in the Tourism Industry

	
People

	
0.0324

	
+




	
Number of Elderly Care Institutions

	
Units

	
0.0241

	
+




	
Number of Maternal and Child Health Centers (Stations)

	
Units

	
0.0185

	
+




	
Number of Elderly Care Beds

	
Units

	
0.0246

	
+




	
Health Security and Financial Services

	
Insurance Density (Life Insurance)

	
CNY

	
0.0206

	
+




	
Insurance Depth (Life Insurance)

	
CNY

	
0.0083

	
+




	
Smart Health Technology Services

	
Percentage of Internet-related Professionals

	
%

	
0.0585

	
+




	
Number of Patents in Pharmaceuticals and Medical Equipment

	
Units

	
0.0500

	
+




	
Percentage of Mobile Internet Users

	
%

	
0.0130

	
+




	
Distribution Services for Pharmaceuticals and Other Health Products

	
Number of Pharmacists

	
People

	
0.0192

	
+




	
Product Quality Compliance Rate

	
%

	
0.0114

	
+




	
Other Health-related Services

	
Number of Disease Prevention and Control Centers

	
Units

	
0.0172

	
+




	
Number of Health Education Institutions

	
Units

	
0.0373

	
+




	
Number of Health Supervision Centers

	
Units

	
0.0153

	
+




	
Number of Convalescent Homes

	
Units

	
0.0364

	
+




	
Pharmaceutical Manufacturing

	
Equivalent Full-time R&D Personnel in Pharmaceutical Manufacturing Industry

	
People

	
0.0431

	
+




	
Number of Enterprises in the Pharmaceutical Manufacturing Industry

	
Units

	
0.0262

	
+




	
Manufacture of Medical Instruments and Equipment, Health Products, Apparatus, and Intelligent Devices

	
Equivalent Full-time R&D Personnel in the Manufacture of Medical Instruments and Equipment Industry

	
People

	
0.0757

	
+




	
Number of Enterprises in the Manufacture of Medical Instruments and Equipment Industry

	
Units

	
0.0640

	
+




	
Construction of Medical and Health Institution

	
Facilities: Number of Grade III Class A Hospitals in the Region

	
Units

	
0.0160

	
+




	
Cultivation, Farming, and Collection of Chinese Medicinal Herbs

	
Percentage of Chinese Medicinal Herb Planting Areas in Cropland

	
‰

	
0.0276

	
+




	
Output Value of Chinese Medicinal Herbs

	
CNY

	
0.0326

	
+











 





Table 2. Evaluation index system and weights for the development of the health industry demand.
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Primary Indices

	
Secondary Indices

	
Unit

	
Weight

	
Attribute






	
Household Expenditure

	
Personal Health Expenditure in Total Health Expenses

	
CNY

	
0.0532

	
+




	
Number of Outpatient Visits to Medical Institutions

	
People

	
0.0707

	
+




	
Number of Inpatient Admissions to Medical Institutions

	
People

	
0.0589

	
+




	
Urban Residents’ Medical and Healthcare Expenditure as a Percentage of Consumption Expenditure

	
%

	
0.0234

	
+




	
Rural Residents’ Medical and Healthcare Expenditure as a Percentage of Consumption Expenditure

	
%

	
0.0202

	
+




	
Corporate and Social Organization Expenditure

	
Social Health Expenditure in Total Health Expenses

	
CNY

	
0.0706

	
+




	
Increase in Non-current Assets of Medical and Healthcare Institutions

	
CNY

	
0.0326

	
+




	
Government Expenditure

	
Government General Budget Expenditure on Medical and Healthcare

	
CNY

	
0.0587

	
+




	
Government Health Expenditure in Total Health Expenses

	
CNY

	
0.0577

	
+




	
Imports and Exports

	
Percentage of Health Industry Exports to Current Year’s GDP

	
‰

	
0.1492

	
+




	
Income

	
Per Capita Disposable Income

	
CNY

	
0.0893

	
+




	
Economic Development Level

	
-

	
0.0409

	
+




	
Social Consumption Level

	
%

	
0.0273

	
+




	
Population

	
End-of-Year Population

	
People

	
0.0574

	
+




	
Natural Population Growth Rate

	
‰

	
0.0291

	
+




	
Percentage of Population Aged 65 and Over

	
%

	
0.0202

	
+




	
Consumption Preferences

	
Number of Hospital Outpatient Visits for Health Check-ups, People

	
People

	
0.0826

	
+




	
Number of People Covered by Medical Insurance

	
People

	
0.0582

	
+











 





Table 3. 2013–2021 grey comprehensive correlation between supply and demand in the health industry in China.
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	Province/City
	Relevance
	Province/City
	Relevance
	Province/City
	Relevance
	Province/City
	Relevance





	Gansu
	0.9899
	Jiangsu
	0.9445
	Yunnan
	0.9322
	Fujian
	0.8827



	Inner Mongolia
	0.9743
	Ningxia
	0.9426
	Qinghai
	0.9317
	Liaoning
	0.8809



	Hainan
	0.9620
	Heilongjiang
	0.9405
	Guangdong
	0.9269
	Hebei
	0.8776



	Anhui
	0.9534
	Xinjiang
	0.9393
	Hubei
	0.9206
	Shandong
	0.8733



	Shanghai
	0.9516
	Shanxi
	0.9391
	Hunan
	0.9173
	Zhejiang
	0.8678



	Beijing
	0.9474
	Tianjin
	0.9388
	Jilin
	0.9126
	Henan
	0.8503



	Tibet
	0.9463
	Jiangxi
	0.9365
	Guangxi
	0.8930
	Sichuan
	0.8372



	Chongqing
	0.9457
	Guizhou
	0.9353
	Shaanxi
	0.8877
	
	










 





Table 4. Coupling development degree of supply and demand in the health industry in China from 2013 to 2021.
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Regions

	
Degree

	
2013

	
2014

	
2015

	
2016

	
2017

	
2018

	
2019

	
2020

	
2021






	
Eastern

	
Supply

	
0.1502

	
0.1633

	
0.1719

	
0.1909

	
0.1990

	
0.2129

	
0.2279

	
0.2507

	
0.2915




	
Demand

	
0.1515

	
0.1649

	
0.1741

	
0.1942

	
0.2025

	
0.2167

	
0.2322

	
0.2553

	
0.2978




	
Central

	
Supply

	
0.1050

	
0.1153

	
0.1192

	
0.1260

	
0.1442

	
0.1536

	
0.1657

	
0.1787

	
0.2003




	
Demand

	
0.1060

	
0.1162

	
0.1209

	
0.1279

	
0.1478

	
0.1575

	
0.1696

	
0.1821

	
0.2035




	
Western

	
Supply

	
0.0671

	
0.0730

	
0.0767

	
0.0843

	
0.0905

	
0.0978

	
0.1048

	
0.1082

	
0.1190




	
Demand

	
0.0673

	
0.0734

	
0.0772

	
0.0852

	
0.0921

	
0.0995

	
0.1069

	
0.1102

	
0.1205




	
Northeast

	
Supply

	
0.0790

	
0.0871

	
0.0868

	
0.0916

	
0.0975

	
0.1011

	
0.0971

	
0.0988

	
0.1085




	
Demand

	
0.0793

	
0.0874

	
0.0877

	
0.0929

	
0.0991

	
0.1031

	
0.0990

	
0.1009

	
0.1109




	
National

	
Supply

	
0.1024

	
0.1117

	
0.1166

	
0.1275

	
0.1366

	
0.1461

	
0.1556

	
0.1669

	
0.1894




	
Demand

	
0.1031

	
0.1126

	
0.1179

	
0.1294

	
0.1392

	
0.1489

	
0.1587

	
0.1700

	
0.1928











 





Table 5. Supply and demand synergy degree and synergistic development degree of the health industry.
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Region

	
Supply and Demand Synergy

	
Supply and Demand Synergistic Development




	
2013

	
2017

	
2021

	
2013

	
2017

	
2021






	
Guangdong

	
0.8711

	
0.8327

	
0.8460

	
0.5098

	
0.5810

	
0.7381




	
Jiangsu

	
0.9430

	
0.9669

	
0.9735

	
0.4780

	
0.5786

	
0.7006




	
Shandong

	
0.9404

	
0.8977

	
0.8987

	
0.4817

	
0.5527

	
0.6053




	
Zhejiang

	
0.9384

	
0.8759

	
0.8041

	
0.4166

	
0.4725

	
0.5673




	
Beijing

	
0.9620

	
0.9224

	
0.7576

	
0.3397

	
0.3913

	
0.4585




	
Hebei

	
0.9429

	
0.8687

	
0.8625

	
0.3696

	
0.4085

	
0.4458




	
Shanghai

	
0.5273

	
0.5647

	
0.6028

	
0.2913

	
0.3045

	
0.3773




	
Fujian

	
0.8429

	
0.7242

	
0.6096

	
0.2625

	
0.2731

	
0.3219




	
Tianjin

	
0.6002

	
0.5935

	
0.4733

	
0.1937

	
0.2169

	
0.2680




	
Hainan

	
0.6221

	
0.6766

	
0.5861

	
0.1469

	
0.1809

	
0.1834




	
Eastern Region Average

	
0.8190

	
0.7923

	
0.7414

	
0.3490

	
0.3960

	
0.4666




	
Henan

	
0.9362

	
0.7852

	
0.8836

	
0.4151

	
0.4426

	
0.5648




	
Hunan

	
0.9206

	
0.8243

	
0.8738

	
0.3323

	
0.3777

	
0.4395




	
Anhui

	
0.8296

	
0.8168

	
0.8747

	
0.2745

	
0.3246

	
0.4281




	
Hubei

	
0.8216

	
0.7571

	
0.7481

	
0.2993

	
0.3502

	
0.4012




	
Jiangxi

	
0.9496

	
0.8344

	
0.8930

	
0.2673

	
0.2980

	
0.3644




	
Shanxi

	
0.9707

	
0.9499

	
0.9592

	
0.2854

	
0.3046

	
0.3303




	
Central Region Average

	
0.9047

	
0.8280

	
0.8721

	
0.3123

	
0.3496

	
0.4214




	
Sichuan

	
0.9297

	
0.8813

	
0.9264

	
0.4228

	
0.4716

	
0.5864




	
Yunnan

	
0.9677

	
0.8849

	
0.9675

	
0.2734

	
0.3161

	
0.3938




	
Shaanxi

	
0.9488

	
0.9030

	
0.9097

	
0.2848

	
0.3118

	
0.3590




	
Xinjiang

	
0.9314

	
0.8483

	
0.8854

	
0.2389

	
0.2567

	
0.3445




	
Guangxi

	
0.8682

	
0.7493

	
0.7486

	
0.2640

	
0.2862

	
0.3242




	
Inner Mongolia

	
0.9643

	
0.9392

	
0.9389

	
0.2631

	
0.2959

	
0.3110




	
Guizhou

	
0.8838

	
0.8725

	
0.7710

	
0.2055

	
0.2535

	
0.2835




	
Gansu

	
0.9171

	
0.9887

	
0.8649

	
0.2386

	
0.2905

	
0.2759




	
Chongqing

	
0.7116

	
0.6990

	
0.6419

	
0.2066

	
0.2405

	
0.2638




	
Ningxia

	
0.7936

	
0.7417

	
0.6916

	
0.1828

	
0.2013

	
0.2041




	
Qinghai

	
0.7206

	
0.8084

	
0.6393

	
0.1628

	
0.2176

	
0.1781




	
Tibet

	
0.5910

	
0.6630

	
0.6238

	
0.1235

	
0.1573

	
0.1655




	
Western Region Average

	
0.8523

	
0.8316

	
0.8008

	
0.2389

	
0.2749

	
0.3075




	
Liaoning

	
0.9444

	
0.9095

	
0.8237

	
0.3135

	
0.3422

	
0.3384




	
Heilongjiang

	
0.9667

	
0.8528

	
0.9218

	
0.2751

	
0.2930

	
0.3216




	
Jilin

	
0.8604

	
0.7755

	
0.7343

	
0.2391

	
0.2485

	
0.2622




	
Northeastern Region Average

	
0.9238

	
0.8459

	
0.8266

	
0.2759

	
0.2946

	
0.3074




	
National Average

	
0.8586

	
0.8196

	
0.7979

	
0.2922

	
0.3303

	
0.3808











 





Table 6. Spatial differences and sources decomposition of the development level of the health industry from 2013 to 2021.






Table 6. Spatial differences and sources decomposition of the development level of the health industry from 2013 to 2021.





	
Year

	
Total Gini Coefficient

	
Inter-Regional Gini Coefficient




	
East–Central

	
East–West

	
East–Northeast

	
Central–West

	
Central–Northeast

	
West–Northeast






	
2013

	
0.1836

	
0.1712

	
0.1937

	
0.2511

	
0.0876

	
0.1683

	
0.1344




	
2014

	
0.1850

	
0.1725

	
0.1977

	
0.2505

	
0.1005

	
0.1706

	
0.1380




	
2015

	
0.1834

	
0.1754

	
0.2072

	
0.2492

	
0.1004

	
0.1613

	
0.1286




	
2016

	
0.1809

	
0.1800

	
0.2159

	
0.2461

	
0.1034

	
0.1507

	
0.1201




	
2017

	
0.1811

	
0.1798

	
0.2146

	
0.2447

	
0.1026

	
0.1544

	
0.1171




	
2018

	
0.1790

	
0.1829

	
0.2201

	
0.2427

	
0.1012

	
0.1468

	
0.1055




	
2019

	
0.1871

	
0.1814

	
0.2309

	
0.2479

	
0.1247

	
0.1614

	
0.1191




	
2020

	
0.1938

	
0.1819

	
0.2560

	
0.2444

	
0.1748

	
0.1493

	
0.1156




	
2021

	
0.2084

	
0.1821

	
0.2736

	
0.2498

	
0.1992

	
0.1576

	
0.1365




	
Year

	
Intra-Regional Gini Coefficient

	
Contribution rate (%)




	
Eastern

	
Central

	
Western

	
Northeastern

	
Intra-Regional Gini Coefficient

	
Inter-Regional Gini Coefficient

	
Super-Variogram Density




	
2013

	
0.1939

	
0.0824

	
0.0600

	
0.1595

	
25.8476

	
48.2396

	
25.9128




	
2014

	
0.1959

	
0.0880

	
0.0764

	
0.1553

	
25.6757

	
47.3981

	
26.9263




	
2015

	
0.2011

	
0.0768

	
0.0754

	
0.1490

	
25.7063

	
47.8129

	
26.4809




	
2016

	
0.2026

	
0.0729

	
0.0794

	
0.1385

	
25.5212

	
47.7386

	
26.7401




	
2017

	
0.2033

	
0.0769

	
0.0707

	
0.1406

	
25.6943

	
47.7130

	
26.5926




	
2018

	
0.2061

	
0.0793

	
0.0587

	
0.1332

	
25.7377

	
46.7302

	
27.5321




	
2019

	
0.2069

	
0.0879

	
0.0664

	
0.1482

	
25.9240

	
46.6997

	
27.3763




	
2020

	
0.2075

	
0.0940

	
0.1542

	
0.0549

	
25.5691

	
49.1875

	
25.2434



