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Abstract

:

The balanced allocation of medical and health resources is an important basis for the sustainable development of health undertakings. In recent years, China has made remarkable achievements in the medical and health services, but there is still a phenomenon of unbalanced allocation of medical and health resources among different regions, which has become an urgent problem to be solved in deepening the reform of the medical and health system during the 14th Five-Year Plan period. From the perspective of people’s needs for health, this study analyzed the equity and efficiency of urban medical and health resources allocation in China by using the Theil index method and DEA method. Meanwhile, the authors used the coupling coordination degree model to construct a balanced development model with equity and efficiency as subsystems, taking the city of Nanjing as an example to analyze its balanced allocation of medical and health resources from 2008 to 2019. In general, taking Nanjing as an example, it shows that the balanced allocation of medical and health resources in Chinese cities is good, but in geographical dimension, the level of balanced allocation is low, and there are still significant differences in the equity and efficiency of allocation among regions. In the future, the government can strengthen the rationality of regional planning, appropriately increasing health investment and medical supply, considering both equity and efficiency to further realize the balanced allocation of medical and health resources and improve the sustainability of urban medical service system. The main contribution of this paper lies in that, from the perspective of sustainable development, the evaluation system is integrated to measure the equity and efficiency respectively, and the balanced development model is used to investigate the allocation of urban medical and health resources. The research results can provide reference for optimizing resources allocation and promoting the sustainable development of medical and health undertakings.
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1. Introduction


According to the theory of sustainable development, sustainable development can be defined as meeting the needs of the present generation without hindering the development of the ability of future generations to meet the needs. It focuses on multi-dimensional development, including equity, efficiency, integrity and sustainability of development [1]. As a new concept of social development and values, the 2030 Agenda for Sustainable Development was adopted by The United Nations Sustainable Development Summit in 2015. One of the 17 Sustainable Development Goals (SDGS) is to “Ensure healthy lives and promote well-being for all at all ages” [2]. Health is a basic right of mankind, and health care for all is the goal of the development of medical and health services. From the perspective of sustainable development, the sustainability of the development of medical and health services should be reasonable allocation and effective use of medical and health resources under the premise of not violating the objective law of development, which should not only meet the growing needs of current residents, but also contribute to the long-term development of medical and health service system, so as to achieve the improvement of human health level [3]. As a social resource to implement medical and health care activities, medical and health resources are scarce and limited. The rational allocation of these resources matters to realize the sustainable development of medical and health undertakings and protect citizens’ equal right to health, which is advocated as a basic principle by the World Health Organization [4]. However, this is also a worldwide problem in health system reform. There are differences in regional health resource allocations both in developing and developed countries [5].



As the largest developing country and the most populous country in the world, China has repeatedly proposed to deepen the reform of the medical and health system, and has tried to increase health investment and implement graded diagnosis and treatment to guide the sinking of high-quality medical and health resources since the implementation of the new medical reform in 2009 [6]. The government aims to improve the current situation of “difficult and expensive medical treatment” of residents, meet the growing medical needs of the people and gradually realize the equity of medical and health services. However, drawbacks still exist in the aspects of the unbalanced urban-rural distribution of medical and health resources [7] and unequal access to resources and structural imbalance [8]. The medical and health resources in different urban areas may vary from each other even in the first-tier and new first-tier cities like Beijing, Shenzhen and Nanjing, which is mainly reflected in the concentration of resources in the central urban area [9,10]. The resources of large hospitals in cities are over concentrated and the patients are overcrowded, while the total resources of primary medical and health institutions are insufficient and less utilized [11]. The medical and health service system is structured as an “inverted pyramid”, and the imbalance tends to expand further between and within regions. As the increasing aging of the population, people’s health demands have been further released with the substantial improvement in residents’ living standards and the medical security system. Accordingly, the apparent contradiction has intensified between the unbalanced and insufficient allocation of medical and health resources and people’s demand for high-quality medical and health resources. At the end of 2019, the sudden outbreak of the coronavirus (COVID-19) epidemic not only challenged the country’s governance capacity as well as the prevention and control capacity of the whole society, but also tested the medical and health resources of cities, exposing their many shortcomings [12]. On 13 March 2021, the Outline of the 14 Five-Year Plan (2021–2025) for National Economic and Social Development and the Long-Range Objectives Through the Year 2035 of the People’s Republic of China, was released, which stressed to deepen the reform of the medical and health system, expand the supply of medical service resources guided by improving medical quality and efficiency, and speed up the expansion of high-quality medical resources and regionally balanced layout [13]. Therefore, in this context, it remains an obstacle for China in the current and future to optimize the allocation of medical and health resources, promote the modern medical and health service system and effectively improve the social security for people in the sustainable development of medical and health undertakings.



Scientific evaluation of the allocation of medical and health resources within the city is an evidence-based premise for optimizing the input structure and rational allocation of resources. At present, many scholars have measured and analyzed the level of medical and health resources allocation from national and provincial macro levels, but few studies have focused on cities and their interior. However, in the context of China’s aging urban population and increasing urbanization, attention should be paid to the sustainable development of urban medical and health service system. We not only need to evaluate and analyze the equity and efficiency of the allocation of medical and health resources within the city through scientific methods, but also should further analyze the coordination of these two goals, which plays an important role in improving the rationality of the allocation of medical and health resources and maximizing the benefit of the government’s financial investment.



In view of this, this paper intends to use the mainstream methods of resources allocation equity and efficiency evaluation to analyze the allocation of urban medical and health resources. On this basis, using the coupling coordination degree model for reference, the balanced development model of medical and health resources allocation is constructed to further analyze the coordination between the two goals of equity and efficiency. According to the results of empirical analysis, effective suggestions are put forward to help relevant departments formulate targeted policies and measures to strengthen the balanced allocation of medical and health resources, promote the rational planning and scientific layout of urban medical and health resources, and lay an important foundation for the sustainable development of medical and health undertakings.




2. Literature Review


Throughout history, equity and efficiency has been an important issue and main goal of medical and health resources allocation [14]. To scientifically and accurately evaluate the equity and efficiency of medical and health resources allocation is the key to optimizing its configuration. Therefore, many scholars have conducted in-depth studies on this topic. From the perspective of research objects, some scholars have evaluated the equity or efficiency of the allocation of medical and health resources in the region as a whole at the macro level, taking regions, countries, provinces and cities as different decision-making units. For example, Dlouhý used Robin Hood Indexes (RHIs) and the Data Envelopment Analysis (DEA) method to measure the inequality of health resource allocation in the Czech Republic [5]. Xu et al. applied a hybrid of panel data analysis and an augmented DEA to comprehensively evaluate the allocation efficiency of community health resources in 13 cities in Jiangsu Province of China from the perspective of horizontal and vertical integration. It was found that the overall efficiency of health resources allocation in Jiangsu province improved, but there was still a significant gap between regions [15]. Some scholars evaluated the allocation of medical and health resources from the micro level, taking hospitals, primary health care institutions and other medical and health institutions as decision-making units. Shinjo and Aramaki selected 348 Secondary Healthcare Service Areas (SHSAs) in Japan as the research objects and used Lorenz curve and Gini coefficient to evaluate the equity of doctor allocation between hospitals and clinics [16]. Czypionka et al. evaluated the efficiency of the acute care sector in Austrian, using DEA models based on data of 128 public and private non-profit hospitals from 2010 [17]. After reviewing the literature, it is found that few scholars take cities as their research objects to conduct in-depth analysis on the allocation of medical and health resources within the city. What is the input and utilization condition of medical and health resources in urban areas? Is there waste and the allocation equitable? These issues are worth exploring in depth.



From the perspective of research content, some scholars had evaluated the equity of medical and health resources allocation. For example, Horev et al. used the Gini coefficient to measure the degree of equality in the distribution of doctors and hospital beds in various states and counties in the United States [18]. Zhang et al. evaluated equity of medical and health resources allocation between hospitals and primary care institutions in China [19]. Liu et al. applied the Theil index to study the equity and changes of medical and health resources allocation in China from 2009 to 2013 [20]. Most scholars had evaluated the efficiency of medical and health resources allocation. For example, Cetin and Bahce assessed the allocation of health resources in 34 OECD countries and found that 11 countries are more efficient in the allocation and 15 countries still have room for improvement Using health resources as the input indicator [21]. Top et al. measured the efficiency of health care systems in 36 African countries and found that 41.67% of them have inefficient health care systems [22]. Retzlaf-Roberts et al. utilized the traditional DEA model to analyze the utilization efficiency of medical and health resources in each OECD country from a technical perspective [23]. De et al. used DEA and Tobit models to compare the efficiency of health systems and their influencing factors in various Indian states [24]. Yi et al. [25] and Lin et al. [26] respectively analyzed the input and utilization efficiency of medical and health resources in China by using super efficiency three-stage slack-based measure model (SBM-DEA) and DEA-Malmquist Index model. Furthermore, some scholars conducted a comprehensive evaluation from the above two perspectives by measuring equity and efficiency at the same time. For example, Sun et al. investigated the equity of health resources allocation in China from 2011 to 2015 by adopting Gini coefficient and Concentration index, and evaluated the allocation efficiency by using DEA method [27]. Zhang et al. used the same method to measure the equity and efficiency of medical and health resources and services in 31 provinces of China in 2011 [28]. However, existing studies simply evaluated the equity and efficiency of medical and health resources allocation, few scholars had effectively combined equity and efficiency to analyze the internal coordination mechanism between them. Are equity and efficiency developing in a coordinated way? Do they promote or constrain each other? How balanced is the allocation of medical and health resources? Obviously, it is of great significance to study these problems to optimize the allocation of medical and health resources.



To sum up, existing studies have carried out a large number of beneficial explorations on the allocation of medical and health resources, laying an important foundation for the development of this study. However, existing studies mostly start from the micro level or are based on the macro level of national and provincial administrative regions, while few scholars focus on the urban regional level to analyze the allocation of medical and health resources. In addition, few scholars consider the balanced allocation of resources from the perspective of sustainability. Therefore, this paper makes a further breakthrough from the research object and perspective, and conducts an in-depth study on the allocation of medical and health resources.




3. Materials and Methods


3.1. Study Area and Potential Data Sources


Under the guidance of the general strategy of national medical reform, cities in China, especially the first-tier and new first-tier cities with great economic power, have launched a series of reforms to promote the balanced allocation of medical and health resources in combination with their actual situation. For example, Nanjing, as a representative of the new first-tier cities, has actively promoted the construction of modern urban medical and healthcare systems under the concept of “Healthy Nanjing”. By the end of 2019, the number of beds per 1000 population, licensed (Assistant) physicians and registered nurses in the city had reached 6.95, 4.20 and 5.00 respectively, which were higher than the provincial average level, but there was still a certain gap from the expected target. In addition, there were significant differences among different administrative regions in Nanjing in the allocation of medical resources. The number of beds per 1000 people in Gulou district was 17.17, the number of licensed (assistant) physicians and registered nurses were 9.10 and 13.37 respectively. By contrast, the numbers in Pukou district were only 3.42, 2.49 and 2.58. As the capital of Jiangsu Province, and the core city of Nanjing metropolitan area, Nanjing was the only megacity in the Yangtze River Delta city group (a city with a permanent urban population of 5 million to 10 million), with 8,085,241 people living in urban areas, and the urbanization rate was 86.80%. Meanwhile, Nanjing was also one of the earliest cities in China to enter the aging population. By the end of 2020, 18.98% of the city’s permanent residents were aged 60 and above, among which 13.70% were aged 65 and above [29]. It can be seen that Nanjing is a typical sample of China’s urban development with a certain degree of representativeness. Therefore, this paper takes Nanjing city as an example to analyze the equity and efficiency of urban medical and health resources allocation based on the existing research status and urban healthy development needs. At the same time, with the help of balanced development model, the coupling coordination relationship between the equity and efficiency is analyzed to measure the balanced allocation of medical and health resources. The aim is to provide scientific basis for Nanjing to optimize the allocation of medical and health resources and promote the sustainable development of medical and health undertakings, and to provide reference for other cities.



The original data (2008–2019) of each index in this paper mainly came from literature (2009–2020), including Jiangsu Statistical Yearbook, Nanjing Statistical Yearbook, Statistical Bulletin on the Development of Health Care in Jiangsu and Statistical Bulletin of National Economic and Social Development in Nanjing. At the same time, the statistical information and publicity documents published on official websites of Nanjing municipal government and Nanjing health commission were also included. In addition, according to the geographical location and the regional division in the official document issued by Nanjing municipal government, Nanjing is divided into the main urban region, Jiangbei region and Ningnan region from north to south (Figure 1). Meanwhile, Nanjing carried out the adjustment of urban administrative divisions in 2013. Namely, the original Qinhuai district and Baixia district were merged as the new Qinhuai district and the original Gulou district and Xiaguan district were merged as the new Gulou district, and the original Lishui county and Gaochun county were changed into Lishui district and Gaochun district. Therefore, to ensure the consistency of statistical caliber of index data, the author merged the data of the original Qinhuai district withBaixia district from 2008 to 2012 into the data of Qinhuai district, combined the data of the original Gulou district with Xiaguan district into the data of Gulou district, and took the data of Lishui county and Gaochun county as the data of Lishui district and Gaochun district.




3.2. Evaluation Index


According to the objective and principle of balanced allocation of medical and health resources, the evaluation indexes can be selected from two perspectives of equity and efficiency, and the evaluation index system should be constructed under the guidance of scientific system and feasible and comparable principle. Therefore, the selection of indicators in this paper strictly follows four principles: (1) the scientific principle, which refers to the construction of evaluation index system of medical and health resources allocation based on scientific theories; (2) the systematic principle, which means to establish an evaluation indicator system that can truly reflect the allocation of medical and health resources by selecting evaluation indicators related to medical and health resources. Among them, all indicators should be independent of each other and have certain correlation; (3) the feasibility principle, which means that the selected indicators can be obtained through data sorting, observation and measurement, that is, operability; and (4) the comparability principle, which means that all indicators should be consistent in statistical caliber to ensure horizontal or vertical comparison. Among them, horizontal comparison refers to the comparison between different regions in the same period, which can reflect regional differences in medical and health resource allocation, while vertical comparison refers to the comparison between different periods in the same region, which can reflect dynamic changes in medical and health resource allocation.



The review of literature presents that the existing evaluation index system covers various dimensions, including medical and health resources supply, medical and health resources utilization, medical and health services supply and effect, etc. Specifically, in the evaluation of equity in medical and health resources allocation, scholars focused on the dimension of medical and health resource supply. That is, they started from assessing the investment of medical and health resources, and mostly selected specific indicators based on the concept of medical and health resources, which mainly covers the human resources, material resources and financial resources [20,28,30]. In assessing the efficiency, scholars might add the dimensions of medical and health resources utilization as well as medical and health service supply and effect, that is, assessing the input and output (benefits) of medical and health resources. The output indicators generally referred to specific quantitative indicators reflecting the utilization of medical and health resources and improvement of people’s health, which specifically included outpatient and emergency visits, rates of utilization of beds, the number of admitted (discharged) patients and population survival rate, etc. [15,22,25].



The direct output of the government’s financial investment in medical and health is reflected by the increase of medical human and material resources, which improves the supply of medical and health services and affects people’s satisfaction. Therefore, this study focused on the balanced development of the allocation of medical and health human and material resources in urban areas of China. To make it a scientific, systemic, feasible and comparable study, the author designs the evaluation index system from the two dimensions of input and output for the balanced allocation of medical and health resource. Combined with the urban development situation, the system consisted of five primary indicators and eight secondary indicators which were constructed in the premise that the statistical data can be obtained and consistent with the statistical caliber, as illustrated in Table 1.



Table 2 is the descriptive statistical analysis of indicator variables. It can be seen that the 11 administrative regions of Nanjing have great differences in the allocation of medical and health resources such as the number of medical and health institutions and the number of beds. For example, the standard deviation of the number of beds is 3820.16, the minimum is 672 and the maximum is 18,313. In terms of the allocation of medical and health resources per thousand population, the number of health personnel per 1000 population of each administrative region varies greatly, with a standard deviation of 4.989, a maximum of 31.58, and a minimum of 3.26. In contrast, the difference in the number of health facilities per 1000 population is smaller, as is the difference in population survival rates as an indicator of output.




3.3. Methods


Rational allocation of medical and health resources includes not only fair allocation of resources, that is, equity of allocation, but also effective utilization of resources, that is, efficiency of allocation. Among them, equity is unity of equal opportunities, equal results and residents’ right of choice [34]. Equitable distribution of medical and health resources can effectively improve the accessibility of residents’ health services, and then create an equal medical and health service system for everyone, and realize the real development of medical and health undertakings. Efficiency reflects how to effectively use limited medical and health resources to achieve greater benefits, which is one of the keys to achieve sustainable benefits in the development of medical and health undertakings. On the one hand, from the perspective of medical and health resources allocation means, there are usually two means of medical and health resources allocation, namely government and market. As the “visible hand”, the government is conducive to ensuring the equity of medical and health resources allocation, and as the “invisible hand”, the market allocation of resources has a significant advantage in improving the efficiency of resource allocation. Since the medical and health industry is both public welfare and economic, the medical and health resources need to be effectively allocated by both the government and the market. That is, the balanced allocation of medical and health resources is not only related to equity, but also to efficiency [35]. On the other hand, from the perspective of medical and health resources allocation process, equity affects efficiency and efficiency promotes equity. If the allocation of resources is unequal, residents in some regions may not be able to get good medical and health services due to economic, geographical and other factors, and the allocation of resources in some regions is excessive. This leads to the waste of the city’s overall health resources and low efficiency. On the contrary, an environment of fair allocation of medical and health resources can not only enable people to obtain equal rights to health, but also promote the full utilization of medical and health resources to maximize the use of labor and physical forces, thereby improving overall efficiency. At the same time, the improvement of efficiency means that more medical and health service output can be obtained with less investment of medical and health resources, so that more people can be guaranteed and enjoy high-quality medical and health resources, that is, to achieve a higher level of equity.



There is a coupling relationship with unity of opposites and spiral intertwining between equity and efficiency which are two goals of medical and health resources allocation. The combination of the two and mutual promotion is manifested as balanced allocation of medical and health resources. The sustainable development concept puts forward to higher requirements for the allocation of resources, which should not only pay attention to the equity and efficiency of allocation, but also take into account the balance between the two to promote the balanced allocation of medical and health resources [36,37], so as to lay a solid foundation for the sustainable development of medical and health undertakings. At the same time, the balanced allocation of medical and health resources is not achieved overnight, but is a long-term and complex process. To achieve the balanced allocation, we need to take the sustainable development concept as the support, take into account the immediate and long-term interests, and promote the reform of medical and health resources allocation system and mechanism.



Therefore, this paper adopts the Theil Index (TI) and Data Envelopment Analysis (DEA) to evaluate the equity and efficiency of healthcare resource allocation. On this basis, under the guidance of sustainable development concept, Equity and efficiency are regarded as two subsystems, and coupled coordination degree model is introduced to construct a balanced development model which can be used to evaluate the allocation of medical and health resources, so as to comprehensively analyze the degree of balanced allocation of urban medical and health resources.



3.3.1. Equity Analysis Method


Currently, the main methods to measure the equity of medical and health resources allocation include the Lorentz curve, Gini coefficient and Theil index. Due to the difference in application of different evaluation methods, it is of great significance to select the appropriate method according to the research purpose. The research objective of this paper is mainly to identify and measure the differences in the allocation of medical and health resources in urban regions, to be specific, not only to measure the overall distribution characteristics of urban regional differences, but also to further clarify the main internal reasons for the differences. Among many methods, Lorenz curve and Gini coefficient focus on reflecting the overall inequality of resource allocation, but it is difficult to measure the internal differences. The Theil index method used by economist Theil not only contains the measurement of the overall difference but also can decompose the difference, which is helpful to further identify the fairness of resource allocation between and within regions and its contribution to the formation of the overall gap [38]. Therefore, the Theil index was selected in this paper to analyze the differences between individuals or groups quantitatively. It measures inequality based on the information entropy theory, which is also known as Theil’s entropy measure. A more significant deviation from 0 indicated a greater degree of difference, namely, worse equity and vice versa [20]. Theil index is used to measure the equity allocation of a single index, as shown in Formula (1) below [39]. Further, according to the index weight, the total tell index of medical and health resource allocation in Nanjing is generated, as shown in Formula (2) [40].


   T s  =   ∑  i = 1  n      f  i s      f s    log        f  i s    /   f s         p i   / p         



(1)






   T C  =   ∑  s = 1  4    1 4     T s   



(2)




where, Ts represents Theil index of the s index, n represents 11 administrative districts of Nanjing. p, fs represents population (geographical area) and the number of medical and health resources of the sth item. pi, fis is the population (geographical area) of administrative region i and the number of medical and health resources in item s; Tc represents the total tell index of medical and health resource allocation in Nanjing. In actual calculation, when the measurement samples are divided into multiple groups, the Theil index can be decomposed into inter-regional Theil index (Tb) and intra-regional Theil index (Tw) [41]. The formula is shown as following:


   T C  =  T b  +  T w   



(3)
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k refers to the total number of divided regions, gj refers to the jth divided region; pj and fjs refers to the population (the geographical area) and the sth medical and health resources in the jth divided regions. The regional contribution rate can also be calculated based on the above decomposition formula. The specific calculation formula is shown as follows:


   I b  =      T b   / T   c   



(6)






   I w  =    T w   /   T c     



(7)




where Ib and Iw respectively represent the contribution rates of inter-regional differences and intra-regional differences to the total differences [42]. That is, the proportion of the two in the overall difference, and their value can reflect the influence degree of different differences.



In July 2016, China’s National Health Commission issued the Guiding Principles on Printing and Distributing the Planning for the Establishment of Medical Institutions (2016–2020), which proposed to adjust the allocation principle to “equity and accessibility, overall planning, scientific layout, coordinated development, and equal emphasis on Traditional Chinese medicine and Western medicine”. It indicated that the allocation of medical and health resources mainly follows the principle of “equity first and efficiency considered”. At the same time, the allocation of medical and health resources should be coordinated with urban planning by making a reasonable layout based on the scope of medical services to match the spatial distribution of medical and health resources with the characteristics of the local population. Thus, the accessibility of medical and health resources and the rationality of resource allocation shall be improved [43,44]. Therefore, the population demand and resource accessibility should be comprehensively considered in allocating medical and health resources. The balance evaluation was hereby conducted from dimensions of population distribution and geographical area.




3.3.2. Efficiency Analysis Method


Because the allocation of medical and health resources has the characteristics of multiple inputs and multiple outputs, a simple cost–benefit framework often cannot meet the needs of medical service system analysis. Therefore, since Data Envelopment analysis (DEA) was introduced into medical and health research, because it is suitable for multi-input-multi-output-multi-stage production efficiency evaluation and does not need to determine the weight of each index, it has been adopted by most scholars at home and abroad to evaluate the allocation efficiency of medical and health resources [45]. DEA was first proposed by American operational research scholars A. Charnes and W. W. Cooper in 1978, which is a non-parametric statistical method designed to measure the relative effectiveness of decision-making unit by using linear programming method according to multiple input and output indexes of decision-making unit [46]. The DEA method was first applied to evaluate efficiency based on a constant return to scale, namely, the Charnes, Cooper, and Rhodes model (CCR). Subsequently, Banker R. D. further liberalized the conditions of the assumption and modified it to variable return scale, namely the Banker, Charnes, and Cooper model (BCC) [47], where technical efficiency (TE) can be further divided into pure technical efficiency (PTE) and scale efficiency (SE). Considering that the return scale is generally variable in practice, the BCC model was selected in this paper to evaluate the efficiency of medical and health resource allocation [48].



Assuming that there are n decision-making units and each unit has m inputs and s outputs, for the j-th decision-making unit, its inputs and outputs can be expressed by vectors and vectors    x j  =      x  1 j   ,  x  2 j   , ⋯ ,  x  m j      T   ,    y j  =      y  1 j   ,  y  2 j   , ⋯ ,  y  s j      T   , j = 1, 2, ⋯, n, and the efficiency value of each unit can be obtained by 23:


            min     λ . θ   θ     s  . t  .       ∑  j = 1  n    λ j     x j  ≤   θ    x 0        ∑  j = 1  n    λ j     y j  ≥    y 0        ∑  j = 1  n    λ j    = 1      λ j  ≥ 0 ,   j =  1 ,     2  ,   … ,   n        



(8)




where x0 and y0 refers to the input and output vector of decision-making unit,  λ  is weight coefficient and  θ  is the efficiency value of decision-making unit. Meanwhile,     ∑  j = 1  n    λ j    = 1   indicates that the restrictive conditions of convexity are added on the leading edge, making a return to scale variable. When   θ = 1  , namely, the technical efficiency equals to 1, the unit is on the production frontier, indicating the efficiency of DEA. On the contrary, when the technical efficiency is less than 1, it indicates that the unit does not reach the DEA efficiency state. PTE represents the efficiency value of each unit, excluding scale factors. When pure technical efficiency equals 1, it indicates pure technical efficiency, and when pure technical efficiency is less than 1, it indicates non-pure technical efficiency. On the other hand, scale efficiency represents the efficiency value of each unit excluding management factors. When scale efficiency equals 1, it indicates scale efficiency, and when scale efficiency is less than 1, it indicates non-scale efficiency [49]. As decomposition efficiency of technical efficiency, the comparison of efficiency values between pure technical efficiency and scale efficiency can explain the invalidity of DEA. When pure technical efficiency is less than scale efficiency, the non-efficiency in DEA is mainly caused by unreasonable management; on the contrary, when scale efficiency is less than pure technical efficiency, the non-efficiency in DEA mainly attributes to the unreasonable scale.




3.3.3. Balance Evaluation Model


In the field of resource allocation, coupling coordination degree model is widely used to measure and analyze the coordinated development of objects. The principle of coupling is derived from physics, indicating that two or more systems are interdependent, coordinated, and promoted as related forms and phenomena [50]. Subsequently, in the fields of economics, medicine, geography and ecology, most scholars used the coupling coordination degree model to measure the degree of association between systems. For example, Fan et al. studied the coupling and coordinated development of ecological resource utilization destruction and urban economic development among various regions in China [51]. Hu et al. applied coupling coordination degree model to measure the coupling coordination degree of pharmaceutical manufacturing industry and medical service industry in China [52]. Li et al. used the coupling coordination degree model to measure the interaction between urbanization and ecosystem health [53]. Dong et al. took the coupling coordination degree model and spatial autocorrelation model to quantitatively study the spatio-temporal characteristics and dynamic mechanism of the coupling coordination relationship between green urbanization and green finance from 2010 to 2017 [54].



Based on the concept of sustainable development, after evaluating the equity and efficiency respectively and referring to the coupling coordination model, the study first introduced the capacity coupling coefficient to measure the coordination relationship between the two subsystems of equity and efficiency, which is expressed as follows [55]:


  C =       F × E         F + E  2     2       k   



(9)




where C represents the coordination degree of the two systems, whose value is set as [0, 1]. When C is closer to 0, it indicates that the two systems are closer to imbalance; when C is closer to 1, they are closer to coordination, indicating a higher coordination degree. F refers to the equity index, whose calculation result of the Theil index can be expressed in the equity measuring process: F = 1 − Tc. The closer the result of the Theil index is to 0, the higher the equity is, which is considered a negative index. Therefore, it will be positively processed in the actual calculation of coordination degree. While    T C    may present negative values in the actual situation, the deviation range from 0 can represent equity. Therefore, the absolute value is taken as the result in the equilibrium calculation. E refers to the efficiency index, which can be directly expressed by the DEA calculation results in the measurement of efficiency, i.e., E is equal to technical efficiency. k refers to the adjustment coefficient, which is set as 2 in this paper according to the existing studies [56].



Secondly, on the basis of the coordination degree model, the balanced development model is further introduced to measure the comprehensive development degree of equity and efficiency under the coordination relationship, that is, the balanced allocation of medical and health resources. The specific calculation is as follows:


  D =   C × T    



(10)






  T = α F + β E      (  α + β =  1 )   



(11)




where T is calculated by the weighted correction of the two systems, indicating the comprehensive harmonic index of equity and efficiency of medical and health resources allocation.  α ,  β  are contribution coefficients of equity and efficiency respectively,  α  +  β  = 1. Since the author perceived that equity and efficiency pose the same effect on the balanced allocation of medical and health resources, the values of  α ,  β  are both set as 0.5 [52]. D refers to the balanced development degree of medical and health resources, indicating the balanced allocation level of medical and health resources; The value range of the balanced development degree is from 0 to 1. To conduct qualitative research on the balanced allocation level of medical and health resources, the study referred to the existing research results [51,52,53,54], and subordinated the balanced development degree of a certain interval to the same type. As the result, the balanced development degree of medical and health resources allocation is divided into five types. The higher the balanced development degree is, the more coordinated and mutually promoted the equity and efficiency are in the medical and health resources allocation and vice versa. Details are illustrated in Table 3.






4. Results


4.1. Results of Equity Analysis


4.1.1. Total Theil Index Analysis


Figure 2 illustrates the overall Theil index and its changing trend of growth rate concerning medical and health resources allocation in Nanjing based on the population distribution and geographical area from 2008 to 2019.



On the whole, the equity of medical and health resources allocation in Nanjing from 2008 to 2019 is insufficient, which is failed to improve synchronously with the population scale and regional planning. Compared with the allocation equity from population dimension, there is more room to improve from geographical dimension. Specifically, from the perspective of population, the total Theil index deviates from zero to a certain extent, floating between 0.04 and 0.06. It decreased from 0.0524 in 2008 to 0.0518 in 2019 at the decline rate of 1.21%, indicating that improvement still requires to be made in the coordination degree between resource allocation and population distribution. In terms of changing trend, the growth rate of the total Theil index fluctuates from year to year, and the average annual value from 2015 to 2019 are positive, indicating that the Theil index has an upward trend, which should be carefully noted. From the perspective of geographical area, the total Theil index is measured between 0.24 and 0.32, which is larger than the value in the population dimension. The equity of the city’s geographical allocation is inferior compared with the equity of population allocation. However, the growth rate in the geographical dimension is negative, with an average annual decrease of 2.11%, indicating that the coordination degree between resource allocation and geographical area is increasing year by year.




4.1.2. Regional Theil Index Analysis


From the perspective of Theil index decomposition and contribution rate (Table 4), the intra-regional differences in the population dimension are the main reasons that hinder the improvement of medical and health resources allocation equity. In contrast, the inter-regional differences are prominent in the geographical dimension. In the population dimension, the intra-regional Theil index in 2008–2019 is greater than the inter-regional index, the contribution rate of the former is measured between 55–63%, indicating that the differences in the allocation of medical and health resources in the main urban region, Jiangbei region and Ningnan region is more significant in the population dimension. This explains the mismatch between the allocation of medical and health resources and population distribution. In contrast, the intra-regional index under the geographical dimension is smaller than the inter-regional index, indicating that the difference between the three regions in Nanjing is the main reason for the inferior equity allocation of medical and health resources according to the geographical area. However, the contribution rate of the intra-regional difference is measured in the range 42–45%, which should also be noted.



The equity of medical and health resources allocation in the three regions is sorted as “Jiangbei region > Ningnan region > main urban region”. The specific analysis shows that the Theil index of the main urban region increase from 0.0370 to 0.0439 under the population dimension (2008–2019), indicating that the mismatch between its internal medicine and health resource allocation and population distribution has been further intensified. However, The Theil index of Jiangbei region and Ningnan region respectively decrease from 0.0026 to 0.0003 and 0.0160 to 0.0022, with a decrease of 88.10% and 86.10%, indicating that the matching between resource allocation and population distribution has been significantly improved. From the perspective of geographical area, the Theil index of the main urban region is also higher than that of Jiangbei region and Ningnan region, measured between 0.3600–0.4400, while Ningnan region remains at the level of 0.0180–0.0390, Jiangbei region is measured 0.0004–0.0080, which further indicating that there are significant differences within the main urban region. The Theil index of the main urban region decreases from 0.4332 to 0.3652, a decrease of 15.70% explains that the synergy between internal resource allocation and regional planning in the main urban region has been slightly improved. Overall, the contribution rate of the main urban region is measured highest in both dimensions, that is, the internal difference of the main urban region accounts for the inferior equity of medical and health resources allocation in the region.



Based on the analysis results given above, the explanations for the significant differences in the allocation of medical and health resources are further analyzed (Table 5). There are insufficient and excessive resource allocations in the main urban region in both dimensions, accounting for the significant internal allocation difference. Specifically, in the population dimension, the Theil index of Qixia, Yuhuatai and Jianye has remained negative during the study, that is, the supply of medical and health resources in the two districts failed to meet the population scale indicating that there is a shortage of resources, and the equity of resource allocation is insufficient. The value of Theil index in Xuanwu district showed a staggering fluctuation of “negative-positive-negative-positive” and there is a significant increase, indicating that the area changed from insufficient resource allocation to excessive resource allocation, and the degree of differentiation also expanded. The Theil index value of Qinhuai and Gulou are positive, suggesting that the supply of medical and health resources exceeds its population scale. In the geographical dimension, the Theil index values of the other six administrative regions are positive except for Qixia, indicating that the proportion of medical and health resources exceeded the proportion of the geographical area, namely, a surplus of resources. Among these regions, the most significant deviation is found in Gulou, indicating the worst equity of geographical allocation, while Yuhuatai presents much less deviation in the Theil index value.





4.2. Results of Efficiency Analysis


4.2.1. Technical Efficiency Analysis


On the overall, the efficiency of medical and health resources allocation in Nanjing is low (Table 6). From 2008 to 2019, the technical efficiency ranged from 0.770 to 0.890, without reaching the DEA efficiency. Although the technical efficiency increased during the study period (by 14.41%) in a slight way, further improvements still must be made.



From the perspective of each region (Figure 3 and Table 6), there is a particular gap in the technical efficiency of inter-regional medical and health resources allocation in Nanjing from 2008 to 2019, which is generally sorted as “Jiangbei region > Ningnan region > main urban region”. Specifically, the utilization of medical and health resources in Jiangbei region is relatively good, whose technical efficiency value is measured highest among the three regions more than half the time during the study period, and Pukou district is the most prominent among the regions. Pukou reached the DEA efficient level in 2010, 2012 and 2016–2019, and the average technical efficiency in 2008–2019 exceeds 0.950, indicating a high utilization efficiency of medical and health resources. However, the utilization level of medical and health resources in the Ningnan region and the main urban region is inferior. The overall utilization in Ningnan region presents a degradation trend, and its technical efficiency value has decreased from 0.903 in 2008 to 0.834 in 2019, showing a decrease of 7.60%. There is a significant efficiency gap within the main urban region, which affects its overall efficiency.



From the perspective of each administrative region, the mean spatial distribution of the technical efficiency of medical and health resources allocation in the 11 administrative regions of Nanjing from 2008 to 2019 is obviously different, showing an increasing feature in time. The average technical efficiency of Jianye district, Yuhuatai District, Pukou District and Lishui District is above 0.900, close to DEA efficiency, but it is worth noting that the allocation efficiency of medical and health resources in Jianye district fluctuates significantly from 2008 to 2019. Luhe district and Qixia District belong to the second echelon, with average technical efficiency of 0.810 and 0.868, respectively. Xuanwu district, Jiangning District and Gaochun District are the third echelon, with an average technical efficiency of 0.700–0.799. Finally, the average technical efficiency of Gulou District and Qinhuai District is only 0.600–0.699, and the efficiency value is low during the study period, both of which are DEA ineffective. Fortunately, the efficiency level has a significant trend of improvement, with growth rates of 105% and 86%, respectively.




4.2.2. Pure Technical Efficiency and Scale Efficiency Analysis


Viewing from the decomposition indicators of technical efficiency (Figure 4), the pure technical efficiency of medical resource allocation in Nanjing from 2008 to 2019 was less than the scale efficiency, that is, the shortage in pure technical efficiency hinders the improvement of technical efficiency. From 2008 to 2019, the scale efficiency of the city’s medical and health resources allocation was higher than 0.900 and reached 0.999 in 2018, indicating that the city’s medical and health resources investment is approaching the optimal state. However, the pure technical efficiency remains at the level of 0.800–0.890 with room for improvement, indicating that the inferior management method and insufficient utilization of medical and health resources account for the less developed efficiency level.



Viewing each administrative region (Figure 5), the mean value of pure technical efficiency presents a large gap, and the mean value of scale efficiency tends to be consistent. Specifically, the average pure technical efficiency of Pukou, Xuanwu, Lishui and other administrative districts is high, ranking 0.900–0.999. In contrast, the values of Jiangning and Gaochun are at the level of 0.700–0.799, while the average pure technical efficiency of Qinhuai is merely measured between 0.600–0.699, which seriously hinders the improvement of technical efficiency. In terms of scale efficiency, Xuanwu and Gulou present low scale efficiency (about 0.700 for Xuanwu and about 0.800 for Gulou). The scale efficiency of Qixia, Jianye and the other eight administrative districts is better, measured above the level of 0.900, reaching the scale-effective state. The scale efficiency of Pukou even reaches 1, indicating that the medical and health resources investment is reasonable.





4.3. Results of Balance Evaluation


Overall, the balanced level of medical and health resources in Nanjing allocated by population is better than that by geography (Table 7). Viewing from the population dimension, the evaluation value of a balanced development degree is higher than 0.90, indicating a superior, balanced development. The highest value was 0.96 in 2019 and the lowest was 0.92. In contrast, the evaluation value of the balanced development degree in the geographical dimension remains between 0.56–0.71, reaching the primary-level and medium-level balanced development. In 2018, it was the lowest (0.56). However, the balanced development degree of the allocation according to the geographical area increased from 0.56 to 0.71 (2008–2019), an increase of 27%. According to the geographical area, the balanced level of allocation increased, suggesting an upward trend from 2008 to 2019, having a good development trend and room for improvement.



Viewing from the regional level (Table 8, Figure 6), the balanced level of medical and health resources allocation in each region is sorted as “Jiangbei region > Ningnan region > main urban region”. From the perspective of population and geography, the Jiangbei region and Ningnan region are both featured with superior balanced development, the index value of the Jiangbei region has always been higher than 0.95 from 2008–2019, showing an excellent balance in medical and health resources allocation. While the development of Jiangning district in the Ningnan region presents a slight downward trend in the geographical dimension, the balanced development degree has decreased from superior balanced development in 2008 to good balanced development in 2019, leading to degradation in the balanced level of medical and health resources allocation in Ningnan region and the expansion of internal differences. Compared with the Jiangbei region and Ningnan region, the balanced development degree in the main urban region can be more complex. Viewing the population, the balanced development degree of the main urban region is lower than 0.90 from 2008 to 2009, indicating a good balanced development. Since 2010, the balanced development degree has fluctuated and increased as a whole, and the value has remained 0.94 above since 2014. In the geographical dimension, the main urban region presented a medium-level balanced development in 2008. The administrative districts within this region present four degrees of development from primary to superior, indicating a significant intra-difference. However, it maintained a good balanced development after 2008, and the intra difference was significantly narrowed in 2019.



Viewing from each administrative district’s specific values and changing trends (Table 9), the differences among each district are apparent, which can be divided into four echelons. Concerning the balanced development degree of medical and health resources allocation, the first echelon includes Qixia, Yuhuatai and Jianye, all of which remained a fully balanced development state (D = 1) from 2008 to 2019. In particular, Yuhuatai has maintained a fully balanced state from 2009 to 2018, indicating that the allocation of medical and health resources is characterized by both equity and efficiency, and the overall balanced allocation level is superior. The second echelon includes Pukou, Luhe and Lishui, whose balanced development degrees are measured at 0.90–1.00, ranking in the superior balanced development. Then the third echelon involves Gaochun and Jiangning, both of which maintained a good or superior balanced development level. It is worth noting that the balanced allocation level in Jiangning presents a downward trend, from 2008 to 2015, it was a high-quality and balanced development, but the level of balanced development declined in 2016 and 2017, that is, its balanced allocation of medical and health resources level has deteriorated. Finally, Xuanwu, Qinhuai and Gulou are listed in the fourth echelon, whose balanced development degree is inferior to other administrative districts. The lowest value is mainly measured as 0.66 in Gulou, namely, a primary level.



To promote the balanced allocation level of medical and health resources in each administrative district of Nanjing, the Boston matrix model was applied in this paper. The equity measurement Index (Theil index mean) is set as the x-axis, and the average efficiency of medical and health resources allocation in each administrative region from 2008 to 2019 is set as the y-axis. The boundary-value of each quadrant is selected as the overall average value of efficiency and equity to analyze various strategies for improving the balanced medical and health resources allocation level of administrative district in Nanjing (Figure 7). Many administrative districts are concentrated in the second quadrant where the average value of Theil index is lower than the overall average, and the efficiency is greater than the overall average, including Yuhuatai, Pukou and three other administrative districts, accounting for 45.45% of the total. These districts are featured with good equity and efficiency in allocating medical and health resources, presenting a superior level of balanced development. The administrative districts located in the third quadrant include Luhe, Jiangning, Xuanwu and Gaochun, whose mean value of Theil index and efficiency is less than the overall mean value, indicating a fine equity rather than efficiency. Improvement in the efficiency of medical and health resources allocation may help to promote balanced development. Qinhuai and Gulou are located in the fourth quadrant, indicating that the mean value of the Theil index in these two districts is greater than the overall mean value and the mean value of efficiency is less than that. That is, the equity and efficiency of medical and health resources allocation are both poor, leading to the low balanced development of medical and health resources allocation in the two districts. The fairness and efficiency should be improved at the same time.





5. Discussion


This paper uses the Theil index, DEA and balanced development model to measure the balanced allocation of medical and health resources in Nanjing from 2008 to 2019. It is found that the equity of medical and health resources allocation in Nanjing is insufficient, and the equity of medical and health resources allocation by geographical area is poor compared with that by population distribution. The study also found that from 2008 to 2019, the allocation efficiency of medical and health resources in Nanjing showed a trend of gradual improvement, but did not reach the effective DEA level, and there were significant regional differences. Finally, we found that under the premise of considering fairness and efficiency at the same time, Nanjing keeps a better balance of medical and health resources allocation level, especially in the population distribution configuration, the coordination of equity and efficiency two goal of medical and health resources allocation is higher, but under the geographical area of dimensions, the overall degree of balanced development has room to improve.



First, the equity of allocation of urban medical and health resources is still insufficient, but it has a gradual trend to be better. On the one hand, from 2008 to 2019, the total Theil index of medical and health resources allocation in Nanjing ranged from 0.04 to 0.06 in the dimension of population distribution. The total Theil index in geographical dimension fluctuated from 0.24 to 0.32, both of which deviated from zero, indicating that there is certain space for improvement in the equity of medical and health resources allocation in Nanjing. Compared with the dimension of population distribution, more improvement can be made in the geographical dimension. The conclusion concords with Jin et al. [31]. Zhang et al. [33] and Sun et al. [27] proposed that the phenomenon is related to the fact that documents issued by the Chinese government to optimize medical and health resources tend to emphasize the equity of allocation according to population rather than geography. For example, in relevant documents and statistics released by the government, the number of beds per thousand people rather than the number of beds per 10,000 square kilometers is taken as the priority of statistics on the allocation of health resources in China. In the dimension of population, the contribution rate of medical and health resource allocation difference in the main urban area, Jiangbei district and Ningnan district is higher, which is the main reason that hinders the mismatch between medical and health resources allocation and population distribution. In the geographical dimension, however, the contribution rate of regional differences is between 42% and 45%, which is not low and should also be paid attention to.



However, it is worth noting that the total Theil index in the population dimension decreased from 0.0524 in 2008 to 0.0518 in 2019, and the total Theil index in the geographical dimension decreased from 0.7240 to 0.5717. That is to say, the total Theil index in the two dimensions decreased by varying degrees, and the uneven allocation of medical and health resources in Nanjing had been improved to some extent. On the one hand, this is due to the government’s increasing investment in medical and health resources. For example, the number of beds per thousand people has increased from 3.66 in 2008 to 6.95 in 2019, and the number of health personnel per thousand people has increased from 7.09 in 2008 to 13.48 in 2019, which is conducive to improve the equity of medical and health resources allocation [57]. On the other hand, this may be due to the fact that, in 2015, China launched the hierarchical medical system at the national level, and Nanjing actively implemented the national medical and health system reform policy. In 2017, Nanjing issued the Implementation Opinions on Further Propelling the Building of the Hierarchical Diagnosis and Treatment System. It proposed that, by 2020, the city’s hierarchical diagnosis and treatment service capabilities will be comprehensively improved, the guarantee mechanism will be gradually improved and high-quality medical resources will be reasonable and effective sinking. In addition, the policy placed emphasis on vigorously promoting the joint construction and sharing of regional medical resources, which greatly promotes the equity of resource allocation.



In order to further improve the equity of medical and health resources allocation, promote equitable access to medical and health services, and enhance the driving force of sustainable development of medical and health undertakings, on the one hand, it is urgent to match the resource distribution considering the population and geographical characteristics of each region, that is, ensure the accessibility of medical and health services and realize the balance between supply and demand by regional planning. According to the data analysis, it can be seen that surplus medical and health resources are concentrated in Gulou, Qinhuai, Xuanwu and other districts. Therefore, in terms of regional planning, the government should lead the planning and strictly control the total amount of resources in each district, and narrow the regional differences by adjusting the stock and optimizing the increment, ensuring that high-quality medical and health resources are accessible throughout the city. On the other hand, in order to promote the realization of health care for all, strengthening the construction of grassroots medical and health service system should become an important starting point to improve the accessibility of medical and health resources. By accelerating the standardization of community-level medical and health institutions, improving the contract system for family doctors and promoting the hierarchical diagnosis and treatment system, the capacity and quality of community-level medical and health services will be fundamentally improved, so as to meet the needs of residents seeking medical treatment at home and realize a virtuous cycle of sustainable development of medical and health services.



Second, though the allocation efficiency of urban medical and health resources has been improved, it has not reached the effective level of DEA and there is a significant regional gap. From 2008 to 2019, the technical efficiency of medical and health resources allocation in Nanjing ranged from 0.770 to 0.890, with ample space for improvement. Its decomposition index, namely pure technical efficiency, remains at the level of 0.800, and the scale efficiency is higher than 0.900, approaching the optimal state. The index value indicates that the low pure technical efficiency mainly accounts for the low overall utilization efficiency of resources. Pure technical efficiency is mainly related to the level of medical and health resources management, reflecting the management philosophy and awareness of managers. Improper personnel allocation by managers, excessive investment in equipment but insufficient utilization, and poor capital operation will affect the pure technology of medical and health resources allocation efficiency [27]. In the future, it is imperative to improve the management methods of resource allocation and improve resource utilization to promote the efficiency of medical and health resources allocation in Nanjing. In addition, the overall efficiency of medical and health resources allocation in Nanjing is characterized by “Jiangbei region > Ningnan region > main urban region”. The average ten-year efficiency in the three regions is respectively measured as 0.885, 0.816 and 0.806. There is a degradation trend in the utilization of medical and health resources in the Ningnan region. Furthermore, there are significant differences in resource allocation efficiency among administrative districts in the main urban region. It can be seen that there is an obvious gap in the allocation efficiency of medical and health resources among urban regions, which is consistent with the research results of Hao et al. [58]. At the micro level, the mean values of the technical efficiency of medical and health resource allocation in the 11 administrative regions of Nanjing from 2008 to 2019 were significantly different. Yuhuatai District all achieved DEA efficiency from 2009 to 2018, with an average efficiency of 0.993, while Qinhuai District did not achieve DEA efficiency during the study period, and the efficiency level was low. Further investigation explains that resource redundancy in administrative districts with low efficiency lowers the overall efficiency level. For instance, in Jianye district of the main urban region, the average annual growth rates of health institutions and beds per 1000 population are respectively 7.71% and 7.09%, while the average annual growth rate of population survival rate is −0.01%, indicating that the input of resources has increased year by year but the increase of output is relatively insufficient and affects the improvement of efficiency.



On this basis, to improve the allocation efficiency of medical and health resources in Nanjing, differentiated efficiency promotion strategies should be implemented to promote the allocation of medical resources from extensive to refined, maximize the benefit of financial funds, fundamentally improve the vitality of sustainable development of medical and health undertakings. Concerning the main urban region with excessive medical and health resources, the government may integrate the existing resources, merge the medical institutions with low resource utilization rates or combine them based on the medical consortium. For urban regions with degraded efficiency and relatively backward technical level, it is suggested to allocate the limited funds to technological innovation and talent team construction, so as empower the operation of medical and health institutions and promote the improvement of efficiency. Additionally, the varied regions should establish a holistic view of sustainable development, strengthen communication and cooperation and promote learning with each other to improve the overall allocation efficiency of medical and health resources.



Third, under the premise of considering equity and efficiency, the balanced allocation level of medical and health resources in Chinese cities is generally fine, while there are specific improvements to be made in some regions. From 2008 to 2019, the evaluation value of the balanced development degree of medical and health resources allocation according to the population distribution in Nanjing is higher than 0.90, which presents a superior balanced development, while the value in the geographical dimension remains between 0.56 and 0.71, indicating a primary and medium balanced development. But the balanced allocation level under the two dimensions has increased by different degrees. The balanced allocation level in each region is sorted as “Jiangbei region > Ningnan region > main urban region”. It is not difficult to find that the equity and efficiency of the allocation of medical and health resources in the main urban area are not as good as those of the other two regions. Because the equity and efficiency of the allocation of medical and health resources are complementary to each other, the poor equity is not conducive to the improvement of efficiency, and the poor efficiency cannot promote higher equity, which in turn leads to poor allocation balance. There are noticeable differences among the administrative districts at the micro-level, which can be divided into four echelons. The average balanced development degrees of Gulou, Xuanwu and Qinhuai in the main urban region are 0.770, 0.88 and 0.84, with much room for improvement. Jiangning in Jiangnan region presents an obvious backward trend, from 0.94 in 2008 to 0.89 in 2019, which requires more engagement in strengthening the coordination of equity and efficiency of its resource allocation in the future.



The mismatch between the limited medical and health resources and the unlimited demand for health services is one of the deep contradictions of the sustainable development of medical and health undertakings. It is necessary to adjust the balance between equity and efficiency dynamically and rationally allocate medical and health resources by combining immediate and long-term interests, taking urban medical and health service planning as the guide and based on the changes of residents’ demand and disease spectrum [34]. The research of Cohen et al. [59] demonstrates that efficiency and equity can be combined through management that leads to improvements in efficiency and the health policy measures that reduce current inequities in the distribution of health resources. In this regard, to promote the balanced allocation level, full attention should be paid to the essence of resource allocation. Under the premise of equity and efficiency, the government may increase the investment of high-quality medical and health resources, and strengthen the incremental distribution of medical and health resources and the adjustment of stock. In particular, the allocation of medical and health resources in the fourth tier of administrative areas is poor, and they all belong to administrative areas in the main urban areas. It is worth noting that the GDP of the main urban area is the highest among the three regions (accounting for 53.28% of the whole city in 2019), which indicates that areas with better economic level should not only pay attention to the efforts in resource investment, but also pay attention to the mechanism of resource allocation. Liu et al.‘s study also reached a similar conclusion [20]. The government should determine the increment and supply of resources according to the functions and development needs of medical and health institutions, reducing the waste of resources and promoting the sustainable development of medical and health services.




6. Conclusions


In order to evaluate the balanced allocation of urban medical and health resources scientifically, some suggestions are put forward. Based on the theory and literature review, this paper builds an evaluation index system. Taking Nanjing city as an example, it evaluates and analyzes the equity and efficiency of medical and health resources allocation in 11 administrative regions of Nanjing city based on the Theil index and DEA-BCC model. Furthermore, by referring to the coupling coordination degree model and taking the fairness and efficiency of medical and health resource allocation as subsystems, the balanced development model is constructed to analyze the level of balanced medical and health resource allocation in urban areas from 2008 to 2019, and the main conclusions are as follows:



We found that the Nanjing medical and health resources allocation equity has improved, but the Theil index is still partial zero amplitude, there exists inequity in the medical and health resources allocation, and from the point of population dimension and geographical dimension, equity in population level is superior to the geographic level, namely, the area of medical and health resources allocation needs to further improve the planning level. From the perspective of the causes of differences, regional differences are more prominent, especially in the main urban areas. Under the two dimensions, there are both insufficient and excessive resource allocation in the main urban area, which is the main cause of the significant difference in internal allocation.



In terms of the allocation efficiency of medical and health resources, the allocation efficiency of medical and health resources in Nanjing is low, and the low pure technical efficiency is the main reason for the low overall utilization efficiency of resources. In terms of region, the efficiency level shows the characteristic of “Jiangbei District > Ningnan District > main urban area”. The utilization level of medical and health resources in the whole Ningnan District is degraded, and the efficiency level of each unit in the main urban area varies greatly. At the level of administrative regions, the mean values of technical efficiency of medical and health resource allocation in 11 administrative regions differed significantly during the study period, mainly because the mean values of pure technical efficiency differed greatly, while the mean values of scale efficiency tended to be consistent.



On the whole, although the equity and efficiency of medical and health resources in Nanjing are still insufficient, the overall allocation of medical and health resources is in a balanced development state, and the balanced development of population is better than that of geography. Under the population dimension, the evaluation value of balanced development degree of the whole city is higher than 0.90, which means that the two goals of equity and efficiency of medical resource allocation promote each other and are coordinately developed. However, the evaluation value of balanced development degree under the geographical area dimension remains between 0.56 and 0.71, which is the primary and intermediate balanced development. In other words, under the geographical area allocation, the coordination between equity and efficiency is poor, but there is a trend of improvement.



The advantage of this study is to investigate the allocation of medical and health resources from the urban level, and provide reference for the government to optimize the resource investment structure and improve the sustainability of the urban medical and health resource-based service system under the background of urbanization and population aging. In addition, by referring to the coupling coordination model, our research builds a balanced development model of medical and health resource allocation with fairness and efficiency as subsystems, which contributes to the research in the field of medical and health resource allocation evaluation.



In addition, this paper has two limitations. Firstly, based on the constructed model, this study analyzes the differences in the horizontal allocation of medical and health resources in urban regions. However, the balance of resource allocation among different levels of medical and health institutions from a vertical perspective was not involved, such as tertiary medical and health institutions and primary medical and health institutions. At the same time, the balanced allocation of different types of medical and health resources, such as doctors and nurses, has not been analyzed, and further research needs to be carried out to make a more comprehensive evaluation of the balanced allocation of medical and health resources. Secondly, the model and index system basically constructed in this paper evaluates and analyzes the balanced allocation of medical and health resources in Nanjing and its interior, but does not extend to the comparison of different cities, which needs to be further deepened in future research.
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Figure 1. Distribution map of three regions in Nanjing. 
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Figure 2. Total Theil index and its growth rate of medical and health resources allocation in Nanjing from 2008 to 2019. 
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Figure 3. Average technical efficiency of medical and health resources allocation in administrative districts of Nanjing from 2008 to 2019. 
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Figure 4. Decomposition of technical efficiency of medical and health resources allocation in Nanjing from 2008 to 2019. 
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Figure 5. Decomposition value of technical efficiency of medical and health resources allocation: (a) Mean value of pure technical efficiency; (b) Mean valued of scale efficiency. 
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Figure 6. Comparison of balanced development of various districts in 2008 (left) and 2019 (right). Note: Considering that the balanced development degree of medical and health resources allocation is inferior in the geographical dimension, this dimension is selected here for display, similarly hereinafter. 






Figure 6. Comparison of balanced development of various districts in 2008 (left) and 2019 (right). Note: Considering that the balanced development degree of medical and health resources allocation is inferior in the geographical dimension, this dimension is selected here for display, similarly hereinafter.



[image: Sustainability 14 06707 g006]







[image: Sustainability 14 06707 g007 550] 





Figure 7. Boston matrix of equity and efficiency of medical and health resources allocation in administrative districts of Nanjing. 
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Table 1. Evaluation index system of balanced allocation of medical and health resources.
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Items

	
Primary

Indicators

	
Secondary Indicators

	
Unit

	
References

	
Indicator Description/Calculation






	
Equity (F)

	
Supply of material resources (W)

	
Number of health institutions(W1)

	
quantity

	
[20,27,28,31]

	
W1, W2, R1 and R2 are assessing indicators commonly used in equity measurement, which well represents the supply of medical and health material resources and human resources. Therefore, referring to relevant studies, they are weighted by 25% respectively [32].




	
Number of beds (W2)

	
quantity

	
[19,27,31,33,34]




	
Supply of human resources (R)

	
Number of licensed (assistant) physicians (R1)

	
person

	
[19,20,28,31,34]




	
Number of registered nurses (R2)

	
person

	
[19,20,27,31]




	
Efficiency (E)

	
Input index (X)

	
Number of health institutions per 1000 population (X1)

	
quantity

	
[25,26,27,28,33,34]

	
X1 = Number of health institutions/total population × 1000




	
Number of beds per 1000 population (X2)

	
quantity

	
[15,22,23,26]

	
X2 = Number of beds/total population × 1000




	
Number of health personnel per 1000 population (X3)

	
person

	
[5,15,27,28,33]

	
X3 = Number of health personnel/total population × 1000




	
Output index (Y)

	
Population survival rate (Y1)

	
%

	
[22,23,24,25]

	
Y1 = 1 − Mortality rate
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Table 2. Descriptive statistical analysis of indicator variables.
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	Indicator Name (Unit)
	Mean
	Standard Deviation
	Minimum
	Maximum





	Number of health institutions (quantity)
	213.053
	108.214
	43
	615



	Number of beds (quantity)
	3857.902
	3820.161
	672
	18,313



	Number of licensed (assistant) physicians (person)
	2051.652
	1888.737
	451
	9705



	Number of registered nurses (person)
	2472.591
	2741.566
	352
	14,259



	Number of health institutions per 1000 population (quantity)
	0.281
	0.070
	0.103
	0.456



	Number of beds per 1000 population (quantity)
	4.574
	2.773
	1.480
	17.173



	Number of health personnel per 1000 population (person)
	8.257
	4.989
	3.263
	31.581



	Population survival rate (%)
	99.390
	0.172
	98.280
	99.712
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Table 3. Level Classification of Balanced Development Degree.
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Level

	
Balanced Development Degree (D)

	
Classification

	
Characteristics






	
I

	
0.90–1.00

	
Superior

	
There is a high level of coupling between the equity and efficiency of medical and health resources allocation, and the intensity of interaction between the two reaches the highest level.




	
II

	
0.80–0.89

	
Good

	
There is a relatively high level of coupling between the equity and efficiency of medical and health resources allocation, and there is a relatively significant interaction relationship.




	
III

	
0.70–0.79

	
Medium

	
There is a certain degree of interaction and mutual influence between the equity and efficiency of medical and health resources allocation.




	
IV

	
0.60–0.69

	
Primary

	
There is an interactive relationship between the equity and efficiency of medical and health resources allocation, but the effect of mutual influence is relatively low.




	
0.50–0.59




	
0.40–0.49




	
V

	
0.30–0.39

	
Inferior

	
There is almost no interaction between the equity and efficiency of medical and health resources allocation, and they tend to be independent of each other and do not affect each other.




	
0.20–0.29




	
0.10–0.19




	
0.00–0.09
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Table 4. Theil index and contribution rate of each region based on population distribution and geographical area.
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Dimension

	
Year

	
Tw ①

	
Tb ②




	
TA ③ (CR ⑥ %)

	
TB ④ (CR%)

	
TC ⑤ (CR%)

	
Tw (CR%)

	
Tb (CR%)






	
Population

Dimension

	
2008

	
0.0370 (86.99)

	
0.0026 (1.15)

	
0.0160 (11.85)

	
0.0310 (59.22)

	
0.0214 (40.78)




	
2009

	
0.0328 (86.53)

	
0.0026 (1.29)

	
0.0144 (12.18)

	
0.0275 (57.38)

	
0.0204 (42.62)




	
2010

	
0.0374 (95.66)

	
0.0052 (2.38)

	
0.0026 (1.96)

	
0.0281 (55.31)

	
0.0227 (44.69)




	
2011

	
0.0372 (96.54)

	
0.0047 (1.98)

	
0.0016 (1.49)

	
0.0277 (55.08)

	
0.0226 (44.92)




	
2012

	
0.0348 (96.61)

	
0.0036 (1.90)

	
0.0018 (1.49)

	
0.0255 (57.16)

	
0.0191 (42.84)




	
2013

	
0.0370 (97.74)

	
0.0008 (0.43)

	
0.0024 (1.82)

	
0.0267 (59.30)

	
0.0183 (40.70)




	
2014

	
0.0366 (98.40)

	
0.0008 (0.44)

	
0.0014 (1.15)

	
0.0262 (58.88)

	
0.0183 (41.12)




	
2015

	
0.0379 (97.97)

	
0.0017 (0.82)

	
0.0014 (1.21)

	
0.0272 (59.73)

	
0.0184 (40.27)




	
2016

	
0.0400 (96.77)

	
0.0020 (0.87)

	
0.0032 (2.36)

	
0.0288 (60.78)

	
0.0186 (39.22)




	
2017

	
0.0425 (97.09)

	
0.0013 (0.58)

	
0.0034 (2.33)

	
0.0301 (61.27)

	
0.0190 (38.73)




	
2018

	
0.0460 (97.49)

	
0.0004 (0.13)

	
0.0035 (2.38)

	
0.0321 (62.15)

	
0.0196 (37.85)




	
2019

	
0.0439 (98.17)

	
0.0003 (0.13)

	
0.0022 (1.69)

	
0.0304 (58.65)

	
0.0214 (41.35)




	
Geographic

Dimension

	
2008

	
0.4332 (96.27)

	
0.0028 (0.18)

	
0.0385 (3.55)

	
0.3166 (43.72)

	
0.4074 (56.28)




	
2009

	
0.4129 (96.22)

	
0.0027 (0.19)

	
0.0367 (3.59)

	
0.3000 (42.75)

	
0.4017 (57.25)




	
2010

	
0.4048 (98.28)

	
0.0008 (0.03)

	
0.0180 (1.69)

	
0.2824 (42.96)

	
0.3750 (57.04)




	
2011

	
0.3993 (98.05)

	
0.0009 (0.03)

	
0.0189 (1.93)

	
0.2802 (42.99)

	
0.3715 (57.01)




	
2012

	
0.3981 (98.03)

	
0.0004 (0.01)

	
0.0216 (1.95)

	
0.2758 (43.44)

	
0.3591 (56.56)




	
2013

	
0.4020 (97.72)

	
0.0010 (0.06)

	
0.0252 (2.21)

	
0.2777 (44.00)

	
0.3534 (56.00)




	
2014

	
0.3958 (97.90)

	
0.0008 (0.06)

	
0.0202 (2.04)

	
0.2714 (43.73)

	
0.3493 (56.27)




	
2015

	
0.3934 (97.73)

	
0.0005 (0.06)

	
0.0221 (2.21)

	
0.2690 (43.80)

	
0.3452 (56.20)




	
2016

	
0.3913 (96.96)

	
0.0007 (0.09)

	
0.0306 (2.94)

	
0.2670 (44.15)

	
0.3378 (55.85)




	
2017

	
0.3877 (97.08)

	
0.0016 (0.11)

	
0.0294 (2.81)

	
0.2610 (44.16)

	
0.3300 (55.84)




	
2018

	
0.3846 (96.37)

	
0.0040 (0.31)

	
0.0314 (3.32)

	
0.2591 (44.10)

	
0.3284 (55.90)




	
2019

	
0.3652 (95.84)

	
0.0072 (0.61)

	
0.0299 (3.55)

	
0.2464 (43.10)

	
0.3253 (56.90)








Note: ① Intra-regional Theil Index; ② Inter-regional Theil Index; ③ main urban region Theil Index; ④ Jiangbei region Theil Index; ⑤ Ningnan region Theil Index; ⑥ Contribution Rate (calculated according to Formulas (6) and (7)).
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Table 5. Theil index of each administrative district within the main urban region based on population distribution and geographical area.
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Dimension

	
Year

	
Main Urban Region




	
Xuanwu

	
Qinhuai

	
Jianye

	
Gulou

	
Qixia

	
Yuhua






	
Population Dimension

	
2008

	
−0.0001

	
0.0217

	
−0.0080

	
0.0897

	
−0.0031

	
−0.0054




	
2009

	
0.0015

	
0.0190

	
−0.0073

	
0.0844

	
−0.0026

	
−0.0058




	
2010

	
−0.0012

	
0.0206

	
−0.0048

	
0.0875

	
−0.0077

	
−0.0067




	
2011

	
−0.0001

	
0.0262

	
−0.0048

	
0.0805

	
−0.0069

	
−0.0073




	
2012

	
0.0005

	
0.0251

	
−0.0043

	
0.0728

	
−0.0068

	
−0.0074




	
2013

	
0.0001

	
0.0201

	
−0.0049

	
0.0783

	
−0.0077

	
−0.0070




	
2014

	
0.0005

	
0.0182

	
−0.0053

	
0.0783

	
−0.0080

	
−0.0069




	
2015

	
−0.0011

	
0.0170

	
−0.0040

	
0.0811

	
−0.0082

	
−0.0071




	
2016

	
−0.0018

	
0.0163

	
−0.0040

	
0.0839

	
−0.0086

	
−0.0071




	
2017

	
−0.0015

	
0.0167

	
−0.0036

	
0.0881

	
−0.0093

	
−0.0075




	
2018

	
0.0001

	
0.0156

	
−0.0022

	
0.0933

	
−0.0104

	
−0.0069




	
2019

	
0.0014

	
0.0197

	
−0.0031

	
0.0894

	
−0.0093

	
−0.0054




	
Geographic Dimension

	
2008

	
0.0716

	
0.2408

	
0.0149

	
0.5133

	
0.0014

	
0.0055




	
2009

	
0.0764

	
0.2320

	
0.0186

	
0.4979

	
0.0020

	
0.0047




	
2010

	
0.0656

	
0.2247

	
0.0208

	
0.4724

	
0.0009

	
0.0040




	
2011

	
0.0685

	
0.2428

	
0.0210

	
0.4515

	
0.0009

	
0.0033




	
2012

	
0.0697

	
0.2388

	
0.0230

	
0.4303

	
0.0012

	
0.0032




	
2013

	
0.0682

	
0.2230

	
0.0217

	
0.4413

	
−0.0001

	
0.0045




	
2014

	
0.0692

	
0.2163

	
0.0211

	
0.4396

	
−0.0004

	
0.0050




	
2015

	
0.0629

	
0.2094

	
0.0250

	
0.4422

	
−0.0002

	
0.0048




	
2016

	
0.0577

	
0.2020

	
0.0251

	
0.4440

	
−0.0001

	
0.0054




	
2017

	
0.0530

	
0.2008

	
0.0273

	
0.4319

	
0.0001

	
0.0059




	
2018

	
0.0561

	
0.1941

	
0.0326

	
0.4265

	
−0.0016

	
0.0076




	
2019

	
0.0559

	
0.1967

	
0.0316

	
0.4012

	
0.0002

	
0.0116
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Table 6. The technical efficiency value of medical and health resources allocation in Nanjing from 2008 to 2019.
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	Area
	2008
	2009
	2010
	2011
	2012
	2013
	2014
	2015
	2016
	2017
	2018
	2019
	Mean





	Xuanwu
	0.586
	0.575
	0.760
	0.580
	0.596
	0.657
	0.701
	0.830
	0.823
	0.871
	0.691
	0.791
	0.705



	Qinhuai
	0.437
	0.483
	0.590
	0.575
	0.630
	0.722
	0.763
	0.771
	0.745
	0.759
	0.773
	0.813
	0.672



	Jianye
	1.000
	1.000
	0.918
	0.934
	0.772
	0.936
	1.000
	0.998
	1.000
	0.799
	0.788
	0.875
	0.918



	Gulou
	0.405
	0.410
	0.679
	0.669
	0.688
	0.794
	0.834
	0.841
	0.811
	0.751
	0.672
	0.830
	0.699



	Qixia
	0.714
	0.744
	0.872
	0.793
	0.797
	0.886
	0.951
	0.897
	0.879
	0.886
	1.000
	0.995
	0.868



	Yuhua
	0.942
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000
	1.000
	0.972
	0.993



	Main urban
	0.681
	0.702
	0.803
	0.759
	0.747
	0.833
	0.875
	0.890
	0.876
	0.844
	0.821
	0.879
	0.809



	Pukou
	0.895
	0.952
	1.000
	0.958
	1.000
	0.865
	0.924
	0.926
	1.000
	1.000
	1.000
	1.000
	0.960



	Luhe
	0.859
	0.873
	0.733
	0.733
	0.682
	0.778
	0.791
	0.731
	0.795
	0.835
	0.906
	1.000
	0.810



	Jiangbei
	0.877
	0.913
	0.867
	0.846
	0.841
	0.822
	0.858
	0.829
	0.898
	0.918
	0.953
	1.000
	0.885



	Jiangning
	0.819
	0.811
	0.866
	0.816
	0.767
	0.872
	0.837
	0.751
	0.642
	0.644
	0.662
	0.709
	0.766



	Lishui
	1.000
	1.000
	0.877
	0.903
	0.915
	0.976
	0.874
	0.825
	0.836
	0.871
	0.900
	0.928
	0.909



	Gaochun
	0.889
	0.800
	0.735
	0.695
	0.707
	0.755
	0.756
	0.737
	0.734
	0.777
	0.841
	0.866
	0.774



	Ningnan
	0.903
	0.870
	0.826
	0.805
	0.796
	0.868
	0.822
	0.771
	0.737
	0.764
	0.801
	0.834
	0.816



	Mean
	0.777
	0.786
	0.821
	0.787
	0.778
	0.840
	0.857
	0.846
	0.842
	0.836
	0.839
	0.889
	0.825
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Table 7. Evaluation value of balanced development degree (D) of medical and health resources allocation in Nanjing from 2008 to 2019.
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	2008
	2009
	2010
	2011
	2012
	2013
	2014
	2015
	2016
	2017
	2018
	2019





	P
	0.92
	0.92
	0.94
	0.92
	0.92
	0.94
	0.95
	0.95
	0.94
	0.94
	0.94
	0.96



	G
	0.56
	0.59
	0.63
	0.64
	0.66
	0.66
	0.67
	0.68
	0.68
	0.70
	0.70
	0.71







Notes: P represents the evaluation value of Nanjing Based on population distribution, G represents the evaluation value of Nanjing Based on geographical area.













[image: Table] 





Table 8. Balanced development degree of medical and health resources allocation in three regions of Nanjing from 2008 to 2019.
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Year

	
Population Dimension

	
Geographic Dimension




	
Main Urban Region

	
Jiangbei

	
Ningnan

	
Main Urban Region

	
Jiangbei

	
Ningnan






	
2008

	
0.88

	
0.96

	
0.97

	
0.78

	
0.96

	
0.96




	
2009

	
0.89

	
0.98

	
0.96

	
0.80

	
0.98

	
0.96




	
2010

	
0.93

	
0.96

	
0.95

	
0.82

	
0.96

	
0.94




	
2011

	
0.91

	
0.95

	
0.94

	
0.81

	
0.95

	
0.94




	
2012

	
0.91

	
0.95

	
0.94

	
0.81

	
0.95

	
0.93




	
2013

	
0.94

	
0.95

	
0.96

	
0.82

	
0.95

	
0.96




	
2014

	
0.96

	
0.96

	
0.95

	
0.83

	
0.96

	
0.94




	
2015

	
0.96

	
0.95

	
0.93

	
0.83

	
0.95

	
0.92




	
2016

	
0.96

	
0.97

	
0.91

	
0.83

	
0.97

	
0.91




	
2017

	
0.95

	
0.98

	
0.92

	
0.83

	
0.98

	
0.92




	
2018

	
0.94

	
0.99

	
0.94

	
0.83

	
0.99

	
0.93




	
2019

	
0.96

	
1.00

	
0.95

	
0.85

	
1.00

	
0.94
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Table 9. Evaluation value of balanced development degree of medical and health resources allocation in various administrative districts of Nanjing from 2008 to 2019.
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	District
	2008
	2009
	2010
	2011
	2012
	2013
	2014
	2015
	2016
	2017
	2018
	2019
	Mean





	Yuhuatai
	0.98
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0.99
	1.00



	Qixia
	0.9
	0.91
	0.96
	0.93
	0.94
	0.97
	0.99
	0.97
	0.97
	0.97
	1
	1
	0.96



	Jianye
	1
	1
	0.97
	0.98
	0.92
	0.98
	0.99
	0.99
	0.99
	0.93
	0.93
	0.96
	0.97



	Pukou
	0.97
	0.98
	0.99
	0.98
	0.99
	0.96
	0.97
	0.98
	0.99
	0.99
	0.99
	0.99
	0.98



	Luhe
	0.95
	0.96
	0.90
	0.90
	0.88
	0.92
	0.93
	0.9
	0.93
	0.94
	0.97
	0.99
	0.93



	Lishui
	0.99
	0.99
	0.96
	0.97
	0.97
	0.99
	0.96
	0.94
	0.95
	0.96
	0.97
	0.98
	0.97



	Gaochun
	0.96
	0.93
	0.91
	0.89
	0.89
	0.92
	0.92
	0.91
	0.91
	0.93
	0.95
	0.96
	0.92



	Jiangning
	0.94
	0.94
	0.95
	0.94
	0.92
	0.96
	0.94
	0.91
	0.86
	0.86
	0.87
	0.89
	0.92



	Xuanwu
	0.83
	0.82
	0.91
	0.82
	0.83
	0.86
	0.89
	0.94
	0.94
	0.95
	0.88
	0.92
	0.88



	Qinhuai
	0.72
	0.75
	0.81
	0.8
	0.83
	0.86
	0.88
	0.88
	0.88
	0.88
	0.89
	0.9
	0.84



	Gulou
	0.66
	0.67
	0.76
	0.77
	0.79
	0.80
	0.80
	0.80
	0.80
	0.80
	0.78
	0.82
	0.77
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