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Abstract

:

The geographical accessibility of public healthcare institutions is the key factor affecting the equity of healthcare services. Based on the hierarchical medical system and referral system in China, we analyzed the referral accessibility of hospitals in the Wuhan Metropolitan Development Zone. Before the implementation of the referral system, only 7.91% of the total communities met the accessibility standard for secondary and tertiary hospitals, which meant that there was significant inequality in high-level healthcare. Moreover, 5.4% of the total communities did not meet the accessibility standard for primary hospitals, which meant that there were insufficient primary hospitals. After the implementation of the referral system, the proportions of communities meeting the accessibility standards for the first-stage referral, second-stage referral and cross-level referral were 92.6%, 99.9% and 98.3%, respectively. The results show that the referral system has improved the accessibility of healthcare, but it has not completely solved healthcare inequality. The first-stage referral accessibility of healthcare services in the northern, western and eastern groups does not meet the accessibility standard, which is due to the inefficient layout of secondary hospitals. The Wuhan government should construct secondary hospitals in these groups and primary hospitals in the central urban area and the southeastern, southern, western and eastern groups.
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1. Introduction


Healthcare equity refers to the rational distribution of healthcare resources among populations or regions, emphasizing the matching of healthcare resources and social needs in quantity and space. Promoting the rational distribution of healthcare resources is of great significance to human health and sustainable development [1]. China is the largest developing country in the world. Its huge population is a great challenge in the efficient use of public healthcare resources. The data for 2018 show that China’s public hospitals provided more than 85.8% of general outpatient and inpatient healthcare services [2], and this is still increasing. In other words, as the main providers of healthcare services, the number and distribution of public hospitals greatly affect the healthcare equity of the Chinese people. Since its reform and opening, although China’s economy has developed very rapidly, the inequality of healthcare resources has increased. For this reason, the Chinese government is carrying out a series of medical and health system reforms [3,4,5].



In order to achieve healthcare equality for all, the Chinese government has established a hierarchical medical system [6]. This stipulates three levels of healthcare service institutions and a referral system, which enables the hierarchical medical system to play a significant role in achieving healthcare equality. The referral system requires patients to first be diagnosed by primary healthcare service institutions, and then the doctors decide whether to transfer them. The more developed the city is, the more efficiently the hierarchical medical system may operate, and the better the accessibility of health services may be [7]. This is because developed cities perform better than less developed cities in many aspects, such as in terms of social governance and GDP. However, the fact is that healthcare services equity in big cities has not kept pace with urban expansion [8,9]. Since the 21st century, the Chinese government and scholars have paid more attention to the differences in the spatial accessibility of healthcare service resources [10,11] and have also taken spatial accessibility as an important principle for the layout of public service institutions [12,13]. Public healthcare institutions are an important part of public service institutions, and the referral system is influenced by the spatial behavior of patients based on traffic conditions, which includes people going to the hospital from a residential area and the hospital transferring patients to another hospital. Therefore, accessibility is an effective evaluation criterion for a referral system.



Penchansky and Thomas have claimed that accessibility includes five dimensions: availability, accessibility, affordability, acceptability and adaptability [14]. These dimensions are reflected in the use of public healthcare service institutions, such as whether people can physically reach the hospitals and receive treatment, whether they can afford healthcare expenses and whether they can easily move around in the hospitals [15,16,17]. These are the manifestations of different dimensions of “accessibility” [18,19,20]. Geographical accessibility refers to the degree of difficulty in spatial communication between the starting point and the end point [21,22]; it is the geographical basis for exploring the location and spatial layout of public service institutions [23]. With the development of GIS technology, the spatial data of the demand for and supply of healthcare can be used as the basis for evaluating the spatial fairness of health services [24,25,26]. It has become a research paradigm to calculate geographical accessibility through mature mathematical models, including the proportional method, nearest distance method, two-step floating catchment area method (2SFCA) and the potential model [27,28].



In modern society, the individual economic conditions of residents, in addition to the information dissemination effect, influence their choice to go directly to secondary and tertiary hospitals [29], but people’s choice of healthcare services largely depends on traffic conditions [30]. When families own cars, it is still difficult to access healthcare services in remote areas [31]. This means that public transport has a great impact on the spatial accessibility of healthcare services [32]. The low accessibility of public healthcare services is due to inadequate infrastructure construction [33,34,35]. As one of the central cities of China, Wuhan implemented the referral system earlier than others, and its public healthcare resources are concentrated in the Metropolitan Development Zone. Whether the distribution of hospitals at all levels is balanced and whether the referral system can improve the accessibility of healthcare services are important issues. At present, there are very few simulation studies on the referral system. Most of the studies on the accessibility of medical services in a single stage are repetitive and do not identify new problems. Therefore, it is necessary to discuss the changes in the accessibility of public healthcare services before and after the implementation of the referral system in the Wuhan Metropolitan Development Zone because this will clarify the actual effect of the referral system and allow us to put forward countermeasures and suggestions to promote healthcare equity.



The structure of this paper is as follows. Section 2 includes an introduction to China’s hierarchical medical system and referral system. Section 3 describes the study area, data sources and methodology used in this study. Section 4 includes the analysis of the accessibility of healthcare services before and after the referral system. Section 5 presents the discussion. The final section contains the conclusions of this study.




2. The Hierarchical Medical System and Referral System in China


As early as the period of its planned economy, China had a strict hierarchical medical system. However, the reform and opening up of its economy has led to the gradual disintegration of this system. Due to the increase in income and the development of transportation, the original method of adjusting for the location of patients through price differences has gradually failed [36,37]. This has led to more and more people preferring to go directly to secondary and tertiary hospitals. In 2009, the Chinese government promised to provide equal basic healthcare services to all citizens [38]. In 2015, the government resolved to establish the hierarchical medical system by 2020 and therefore made the construction of a hierarchical medical system the primary task of medical reform in the 13th Five-Year Plan. A hierarchical medical system means that different types of patients should be treated at different levels of healthcare institutions, which are divided into tertiary, secondary and primary hospitals [39]. According to the data of China Statistical Yearbook of Health and Family Planning 2021, the number of secondary and tertiary hospitals with equipment occupation of more than CNY 10,000 is 6.93 times the total number of primary hospitals, and the number of beds is 3.17 times the total number of beds in primary hospitals. Secondary and tertiary hospitals hold a large number of high-end healthcare resources, while primary hospitals are facing a simultaneous shortage of equipment and doctors [40]. Therefore, the medical system is polarized, and the limited public healthcare resources are wasted [41]. This makes the public health system an inverted pyramid structure (Figure 1).



Wuhan’s public healthcare resources are greater than the Chinese average. The tertiary hospitals in Wuhan include four national scientific research hospitals, namely Union Hospital, Tongji Hospital, Zhongnan Hospital of Wuhan University and Hubei General hospital. Because these four hospitals are affiliated with Huazhong University of Science and Technology and Wuhan University, they not only undertake the important task of treating patients from all over the country but also important medical research. The secondary hospitals in Wuhan undertake the task of treating patients from the whole city and even the whole province. Primary hospitals are set up according to the geographical division of the community, mainly for the treatment of basic diseases.



The key to the efficient operation of the hierarchical medical system is the implementation of the referral system [42]. China’s referral system is a bottom-up model, and referral from secondary and tertiary hospitals to primary hospitals is rare [43,44]. It should be noted that the accessibility of patients to primary hospitals for rehabilitation treatment after discharge is not within the scope of this paper.



Under this system, when people need healthcare assistance, the government encourages them to go to primary hospitals. When primary hospitals are unable to treat them, they need to be referred to secondary or tertiary hospitals (Figure 2). Therefore, in this study we discuss and simulate the referrals from primary hospitals to secondary or tertiary hospitals.




3. Materials and Methods


3.1. Study Area and Data


The study area was the Wuhan Metropolitan Development Zone, defined in Wuhan New-type Urbanization Planning (2014–2020), with an area of 3271.59 km2, accounting for 37% of the area of Wuhan (Figure 3). Wuhan can be divided into the Metropolitan Development Zone and the Ecological Agriculture Zone, and the tasks undertaken by the two are quite different. The Wuhan Metropolitan Development Zone mainly undertakes the tasks of public service construction and economic construction, and it includes about 85% of the population and 90% of the public medical facilities of Wuhan. The Wuhan Metropolitan Development Zone consists of the central urban area and six urban groups. Due to the spatial distribution of the Yangtze River and the Han River, the Wuhan central urban area is divided into three parts: Wuchang, Hankou and Hanyang. In 2016, Wuhan began to implement the referral system. The goal was essentially to build a high-quality and efficient healthcare service system by 2020. In recent years, some hospitals have been added to the urban development areas. However, what is the current state of the healthcare service system and the referral system in the Wuhan Metropolitan Development Zone? We evaluated them by simulating the referral system and calculating accessibility.



This study took a residential area as the research unit, including both urban and rural residential areas. We captured the data of the residential areas using Python and retained 5192 items after eliminating invalid data. According to the census data of Wuhan, the population of the residential areas was counted according to the standard of 2.47 people per household (Figure 4a).



Hospital data were obtained through government websites and Baidu maps. We obtained data for 4 tertiary hospitals, 79 secondary hospitals and 161 primary hospitals, and the distribution of hospitals is shown in Figure 4b. According to the hospitals’ official websites and their government documents, the number of beds in Hubei General Hospital, Zhongnan Hospital of Wuhan University, Tongji Hospital and Union Hospital was 3500, 3300, 4000 and 4600, respectively. The number of beds in secondary hospitals was 200–2500. The number of beds in primary hospitals was 30. The open resource data were provided by the road network for OpenStreetMap (Figure 4c). After we obtained the traffic network data through the OpenStreetMap website, any irrelevant roads, such as steps, were eliminated to facilitate the simulation of the actual situation.




3.2. Method


3.2.1. Potential Model


The potential model is derived from the gravity model. The nearest distance method neglects the quantity and quality of the research units, while the proportion method cannot reflect the spatial barrier effect of the supply and demand sides. Compared with these two methods, the potential model can comprehensively consider such factors as the spatial barrier and the distance attenuation between hospitals and residential areas [45,46]. Therefore, this model can more comprehensively reflect the accessibility level. The formulae for evaluating the accessibility level are as follows:


   A i  =   ∑  j = 1  n      M j     D  i j  β   V j       



(1)






   V j  =   ∑  k = 1  m      P k     D  k j  β       



(2)




where    A i    refers to the spatial accessibility from the residential area  i  to all public healthcare institutions;    M j    represents the service capacity of the public healthcare institutions (the number of hospital beds is adopted in this study);    D  i j     and    D  k j     refer to the traffic impedance (time or distance) from the residential area to the public healthcare institutions;    V j    refers to the sum of the influencing factors of the public healthcare institutions  j  on the population size of all accessible settlements, that is, the common use or consumption of the service capacity of the public healthcare institutions  j  by different settlements;  β  is the friction coefficient representing traffic impedance;  n  and  m  represent the number of hospitals and residents, respectively; and    P k    represents the population of settlement  k .



Most studies value  β  in the range of 1–2, and some will first compare the calculation results when  β  is equal to 1 or 2, respectively, and then select the value of  β  according to the degree of conformity between the calculation results and the actual situation [47,48,49,50]. Therefore, we first calculated the accessibility of  β  with values of 1 and 2 and then selected the appropriate value for the subsequent calculation.




3.2.2. Setting of Parameters and Standards


We divided the referral system into three stages: the first stage, the second stage and cross-level referrals. The first stage refers to the transition from primary hospitals to secondary hospitals. The second stage refers to the transition from secondary hospitals to tertiary hospitals. A cross-level referral means a direct transfer from primary hospitals to tertiary hospitals (Figure 5). When the referral system was not implemented, we calculated that, according to the hospital beds per 1000 persons published in Statistical Yearbook of Wuhan and Basic Standards of Chinese Primary Hospitals, the accessibility standard value of secondary and tertiary hospitals was 6.5 and that of primary hospitals was 1. Since the Chinese government has not set the standard value of referral accessibility, in this paper it needed to be simulated and calculated according to the actual situation. In accordance with the service capacity of hospitals at different levels and the standardized community population, we set an ideal situation—that is, when the demand point of referrals can fully enjoy the healthcare service ability of the end point—and then calculated the standard value of healthcare referral accessibility at each stage using the potential model: the first stage was 20; the second stage was 3; and the cross-level referral was 50. These standard values were used to determine whether the referral accessibility at each stage was up to standard.



When the referral system was not implemented, the residential areas were the demand point of healthcare services. When calculating the accessibility of referrals in different stages, primary or secondary hospitals needed to be regarded as the demand point.



The average speed limits of urban trunk roads, secondary trunk roads and branch roads in the Wuhan urban development area are 60 km/h, 40 km/h and 30 km/h, respectively. There are more than 4 million cars in the urban development area; traffic jams are frequent and vehicles are usually unable to drive at the full speed of the speed limit. Therefore, we set the running speed of trunk roads, secondary trunk roads and branch roads as 50 km/h, 40 km/h and 30 km/h, respectively. Moreover, a reasonable limit on travel times is a necessary condition for accessibility analysis in order to more truly reflect the accessibility of different referral stages. According to the residents’ treatment habits and the records of referrals between hospitals, we set the travel time limits as follows: 15 min for the first diagnosis; 30 min for the first and second stage referrals; and 60 min for cross-level referrals.






4. Result


4.1. Healthcare Services Accessibility before the Referral System


4.1.1. Accessibility of Secondary and Tertiary Hospitals


When the value of the friction coefficient  β  is 1, the calculation results show that the accessibility distribution is irregular (Figure 6a). The accessibility of the periphery of the Wuhan Metropolitan Development Zone reaches a high value, which is inconsistent with reality. Of course, when the value of the friction coefficient  β  is 2, the calculation result is in line with reality (Figure 6b). Therefore, in the subsequent accessibility analysis, we kept the value of  β  as 2.



Before the implementation of the referral system, the accessibility of public healthcare services in the Wuhan Metropolitan Development Zone was generally low. Only 154 communities reached the accessibility standard while 1793 did not (Table 1). High accessibility only existed in the central urban area and near the secondary and tertiary hospitals scattered in the periphery of the Metropolitan Development Zone, which meant that, while secondary and tertiary healthcare services could be obtained easily in the central urban area, it was difficult to enjoy such benefits in the periphery of the Metropolitan Development Zone.




4.1.2. Accessibility of Primary Hospitals


The results show that there are regional differences in the accessibility of primary healthcare services (Figure 7). The accessibility of primary healthcare in some areas of the central urban area, southeastern group, southern group, western group and eastern group did not meet the accessibility standard, including 104 communities, which accounted for 5.4% of the total (Table 2). In other words, in the first diagnosis stage, there has been inequality in primary health care in the Wuhan Metropolitan Development Zone.





4.2. Health Services Accessibility after the Referral Reform


The accessibility results of the first-stage referral are shown in Figure 8. We found that the accessibility of secondary healthcare services has been greatly improved by the operation of the referral system. In particular, the accessibility of healthcare services in the western group, southern group, southeastern group and central urban area has reached a high value. In other words, as long as residents in these areas reach the primary hospitals, they do not have to worry about the subsequent diagnosis and treatment. However, the accessibility is very poor in the northern, southwestern and eastern groups. In these areas, 144 communities did not meet the standard (Table 3), which means people living in these areas do not have such benefits.



The accessibility results of the second stage of referral are shown in Figure 9. Compared to the first stage of referral, only two communities failed to meet the standard for the accessibility of referrals in the second stage (Table 4). This means that patients who enter or are transferred to any secondary hospital can be transferred to the tertiary hospitals within a reasonable time.



The accessibility results of the cross-level referral are shown in Figure 10. Only 33 communities failed to meet the standard for cross-level referral accessibility, which was concentrated in the southwestern and northern groups (Table 5).



In general, the referral system plays a positive role in increasing the accessibility of public healthcare in the Wuhan Metropolitan Development Zone. Compared with the referral accessibility of the first stage, that of the second stage and cross-level are clearly better.





5. Discussion


Before the implementation of the referral system, the residents often went directly to secondary or tertiary hospitals, which directly caused these high-level hospitals to be full of patients, thereby reducing their accessibility. However, after a first diagnosis in a primary hospital, the patients are transferred to the corresponding level of hospital for treatment according to the severity of their disease, which is conducive to the rational allocation of healthcare resources. This is the fundamental reason for the implementation of the referral system in China. According to our research results, 5.4% of the total communities did not meet the accessibility standard of primary hospitals, and they were distributed in the central urban area and the southeastern, southern, western and eastern groups. Therefore, the Wuhan government should increase primary hospitals in the above areas.



After the implementation of the referral system, the accessibility of healthcare services in the Wuhan Metropolitan Development Zone has improved. Although the second-stage and cross-level referral accessibility is satisfactory, the accessibility of the first-stage referral is not as good as we expected. In the first-stage referral, the accessibility is very poor in the northern, southwestern and eastern groups.



There are similarities and differences between the results of this study and other studies. In London, there is inequality in the access to general practitioner services for the elderly, which is mainly caused by the opening hours of hospitals [51]. In Vancouver, Seattle and Portland, there is significant inequality in the access to healthcare services for vulnerable groups, which is caused by the compactness of cities and traffic conditions [52]. The case of Mumbai shows that the income gap and imperfect transportation are the key factors in the inequality of access to healthcare services [53]. For China, despite the great popularity of public transport, there are still regional inequalities in the access to healthcare services. In Changsha, Nanjing, the accessibility of secondary and tertiary healthcare in the central urban area is good, while the peripheral areas are poor [54,55]. The case of Hefei shows that the large-scale flow of patients may bring unnecessary healthcare service costs, thus aggravating healthcare service inequality, which provides strong support for the implementation of the referral system [56]. The research on the accessibility of referrals in Beijing also shows that the referral system can significantly improve the accessibility of healthcare services [42]. In general, healthcare inequality is a common phenomenon around the world, and the causes of inequality are different. The accessibility of referrals in the Wuhan Metropolitan Development Zone is not affected by the terrain because the river-crossing bridge significantly improves the connectivity between different urban centers. However, other multi-center cities may not have the same characteristics [57].



Based on the actual situation in the Wuhan Metropolitan Development Zone, and through the comparison and analysis of the results of many studies, we believe that the inefficient layout of secondary hospitals is the fundamental reason why the first-stage referral accessibility of healthcare services in the northern, western and eastern groups do not meet the accessibility standard. Within these three groups, secondary hospitals and primary hospitals are far away from each other, making it difficult to achieve efficient referral. The secondary hospitals not only take on patients transferred from the primary hospitals but also transfer seriously ill patients to the tertiary hospitals. Therefore, the Wuhan government should construct secondary hospitals in the northern, southwestern and eastern groups.



There are some deficiencies in our research. Firstly, we calculated the demand for healthcare services directly according to the community population and did not distinguish by age, yet the elderly, children and other groups have significantly higher demand for healthcare services than the young and middle-aged groups. Secondly, we did not distinguish between specialized hospitals and general hospitals. Referral should not only consider accessibility but also disease types and their corresponding specialized hospitals, which were not considered in this study. Finally, we simulated the referral system with equal opportunities, without considering the affiliation of and cooperation between different hospitals. If this relationship is reasonably quantified and incorporated into the reachability calculation, the research results will be more accurate.




6. Conclusions


Our research took the Wuhan Metropolitan Development Zone as an example and simulated the accessibility of public healthcare services before and after the implementation of the referral system using the potential model. We found that before the implementation of the referral system, there was significant inequality in secondary and tertiary healthcare services, and there were insufficient primary hospitals. After the implementation of the referral system, the accessibility of healthcare services was significantly improved. However, the first-stage referral accessibility of the northern, southwestern and eastern groups did not meet the standard, which is due to the inefficient layout of secondary hospitals. In the next construction of hospitals, the Wuhan government should construct secondary hospitals in the northern, southwestern and eastern groups and construct primary hospitals in the central urban area and the southeastern, southern, western and eastern groups.







Author Contributions


Conceptualization, Y.C.; data curation, J.W.; formal analysis, Y.C. and J.W.; methodology, Y.C.; resources, J.W.; supervision, Y.C.; validation, Y.C.; writing—original draft, J.W.; writing—review and editing, Y.C. All authors have read and agreed to the published version of the manuscript.




Funding


This research was supported by the Ministry of Education of Humanities and Social Science Project (Grant No. 21YJA790006) and the Major and Cross Research Projects in Humanities and Social Sciences of HUST (Grant No. 2021WKZDJC002).




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Ta, Y.; Zhu, Y.; Fu, H. Trends in access to health services, financial protection and satisfaction between 2010 and 2016: Has China achieved the goals of its health system reform? Soc. Sci. Med. 2020, 245, 112715. [Google Scholar] [CrossRef] [PubMed]

	



Yuan, B.; Jian, W.; Martinez-Alvarez, M.; McKee, M.; Balabanova, D. Health system reforms in China a half century apart: Continuity but adaptation. Soc. Sci. Med. 2020, 265, 113421. [Google Scholar] [CrossRef] [PubMed]

	



Wang, C.; Rao, K.; Wu, S.; Liu, Q. Health Care in China: Improvement, Challenges, and Reform. Chest 2013, 143, 524–531. [Google Scholar] [CrossRef] [PubMed]

	



Liu, G.G.; Vortherma, S.A.; Hong, X. China’s health reform update. Annu. Rev. Public Health 2017, 38, 431–448. [Google Scholar] [CrossRef] [PubMed]

	



Atella, V.; Brugiavini, A.; Pace, N. The health care system reform in China: Effects on out-of-pocket expenses and saving. China Econ. Rev. 2015, 34, 182–195. [Google Scholar] [CrossRef]

	



Wang, J.; Li, Z.; Shi, J.; Chang, A. Hospital referral and capacity strategies in the two-tier healthcare systems. Omega 2021, 100, 102229. [Google Scholar] [CrossRef]

	



Xiao, Y.; Chen, X.; Li, Q.; Jia, P.; Li, L.; Chen, Z. Towards healthy China 2030: Modeling health care accessibility with patient referral. Soc. Sci. Med. 2021, 276, 113834. [Google Scholar] [CrossRef]

	



Wu, Y.; Yan, X.; Zhao, S.; Wang, J.; Ran, J.; Dong, D.; Wang, M.; Fung, H.; Yeoh, E.; Chung, B.Y. Association of time to diagnosis with socioeconomic position and geographical accessibility to healthcare among symptomatic COVID-19 patients: A retrospective study in Hong Kong. Health Place 2020, 66, 102465. [Google Scholar] [CrossRef]

	



Ghorbanzadeh, M.; Kim, K.; Ozguven, E.E.; Horner, M.W. Spatial accessibility assessment of COVID-19 patients to healthcare facilities: A case study of Florida. Travel Behav. Soc. 2021, 24, 95–101. [Google Scholar] [CrossRef]

	



Li, H.; Yu, W. Enhancing community system in China’s recent health reform: An effort to improve equity in essential health care. Health Policy 2011, 99, 167–173. [Google Scholar] [CrossRef]

	



Hu, H.; Liang, H.; Wang, H. Longitudinal study of the earliest pilot of tiered healthcare system reforms in China: Will the new type of chronic disease management be effective? Soc. Sci. Med. 2021, 285, 114284. [Google Scholar] [CrossRef] [PubMed]

	



Su, S.; Li, Z.; Xu, M.; Cai, Z.; Weng, M. A geo-big data approach to intra-urban food deserts: Transit-varying accessibility, social inequalities, and implications for urban planning. Habitat Int. 2017, 64, 22–40. [Google Scholar] [CrossRef]

	



Xu, W.; Yang, L. Evaluating the urban land use plan with transit accessibility. Sustain. Cities Soc. 2019, 45, 474–485. [Google Scholar] [CrossRef]

	



Penchansky, R.; Thomas, J.W. The concept of access: Definition and relationship to consumer satisfaction. Med. Care 1981, 19, 127–140. [Google Scholar] [CrossRef] [PubMed]

	



Chen, B.Y.; Chen, X.P.; Kwan, M.P.; Schwanen, T. Evaluating spatial accessibility to healthcare services under travel time uncertainty: A reliability-based floating catchment area approach. J. Transp. Geogr. 2020, 87, 102794. [Google Scholar] [CrossRef]

	



Pharr, J.R.; James, T.; Yeung, Y.L. Accessibility and accommodations for patients with mobility disabilities in a large healthcare system: How are we doing? Disabil. Health J. 2019, 12, 679–684. [Google Scholar] [CrossRef]

	



Gao, P.; Lee, C.; Murphy, D. Good for your fiscal health? The effect of the affordable care act on healthcare borrowing costs. J. Financ. Econ. 2022, 145, 464–488. [Google Scholar] [CrossRef]

	



Vlugt, A.; Curl, A.; Scheiner, J. The influence of travel attitudes on perceived walking accessibility and walking behaviour. Travel Behav. Soc. 2022, 27, 47–56. [Google Scholar] [CrossRef]

	



Wang, F.H. Measurement, optimization, and impact of health care accessibility: A methodological review. Ann. Assoc. Am. Geogr. 2012, 102, 1104–1112. [Google Scholar] [CrossRef]

	



Kilinc, M.S.; Milburn, A.B.; Stamm, J.L.H. Measuring potential spatial accessibility of home healthcare services. Soc. Econ. Plan. Sci. 2017, 59, 13–25. [Google Scholar] [CrossRef]

	



Neutens, T. Accessibility, equity and health care: Review and research directions for transport geographers. J. Transp. Geogr. 2015, 43, 14–27. [Google Scholar] [CrossRef]

	



Núñez, F.; Albornoz, E.; León, J.; Zumelzu, A. Socially sustainable mobility: Strategic analysis to identify accessibility barriers. Sustain. Cities Soc. 2022, 76, 103420. [Google Scholar] [CrossRef]

	



Zhan, D.S.; Zhang, W.Z.; Chen, L.; Yu, X.F.; Dang, X.Y. Research progress and its enlightenment of urban public service facilities allocation. Prog. Geogr. 2019, 38, 506–519. [Google Scholar]

	



Neutens, T.; Delafontaine, M.; Scott, D.M.; Maeyer, P.D.A. GIS based method to identify spatiotemporal gaps in public service delivery. Appl. Geogr. 2012, 32, 253–264. [Google Scholar] [CrossRef]

	



Dejen, A.; Soni, S.; Semaw, F. Spatial accessibility analysis of healthcare service centers in Gamo Gofa Zone, Ethiopia through Geospatial technique. Remote Sens. Appl. Soc. Environ. 2019, 13, 466–473. [Google Scholar] [CrossRef]

	



Cho, H.; Choi, J.; No, W.; Oh, M.; Kim, Y. Accessibility of welfare facilities for elderly people in Daejeon, South Korea considering public transportation accessibility. Transp. Res. Interdiscip. Perspect. 2021, 12, 100514. [Google Scholar] [CrossRef]

	



Chen, G.; Wang, C.C.; Jin, P.; Xia, B.; Xiao, L.; Chen, S.; Luo, J. Evaluation of healthcare inequity for older adults: A spatio-temporal perspective. J. Transp. Health 2020, 19, 100911. [Google Scholar] [CrossRef]

	



Sabokbar, H.F.; Mohammadi, H.; Tahmasbi, S.; Raffi, Y.; Hosseini, A. Measuring spatial accessibility and equity to healthcare services using fuzzy inference system. Appl. Geogr. 2021, 136, 102584. [Google Scholar] [CrossRef]

	



Zhao, P.; Li, S.; Liu, D. Unequable spatial accessibility to hospitals in developing megacities: New evidence from Beijing. Health Place 2020, 65, 102406. [Google Scholar] [CrossRef]

	



Pot, F.J.; Wee, B.; Tillema, T. Perceived accessibility: What it is and why it differs from calculated accessibility measures based on spatial data. J. Transp. Geogr. 2021, 94, 103090. [Google Scholar] [CrossRef]

	



Kotavaara, O.; Nivala, A.; Lankila, T.; Houtari, T.; Delmelle, E.; Antikainen, H. Geographical accessibility to primary health care in Finland-Grid-based multimodal assessment. Appl. Geogr. 2021, 136, 102583. [Google Scholar] [CrossRef]

	



Boisjoly, G.; Deboosere, R.; Wasfi, R.; Orpana, H.; Manaugh, K.; Buliung, R.; El-Geneidy, A. Measuring accessibility to hospitals by public transport: An assessment of eight Canadian metropolitan regions. J. Transp. Health 2020, 18, 100916. [Google Scholar] [CrossRef]

	



Jin, C.; Cheng, J.; Lu, Y.; Huang, Z.; Cao, F. Spatial inequity in access to healthcare facilities at a county level in a developing country: A case study of Deqing County, Zhejiang, China. Int. J. Equity Health 2015, 14, 67. [Google Scholar] [CrossRef]

	



Hu, R.; Dong, S.; Zhao, Y.; Hu, H.; Li, Z. Assessing potential spatial accessibility of health services in rural China: A case study of Donghai County. Int. J. Equity Health 2013, 12, 35. [Google Scholar] [CrossRef]

	



Mishra, P.S.; Paotunthang, N.; Marbaniang, S.P. Geographical divide led inequality in accessing maternal healthcare services between hills and valley regions of Manipur state, India. Clin. Epidemiol. Global Health 2021, 11, 100744. [Google Scholar] [CrossRef]

	



Qin, C.; Liu, M.; Guo, X.; Liu, J. Human Resources in Primary Health-Care Institutions before and after the New Health-Care Reform in China from 2003 to 2019: An Interrupted Time Series Analysis, in International Journal of Environmental Research and Public Health. Int. J. Environ. Res. Public Health 2022, 19, 6042. [Google Scholar] [CrossRef]

	



Ma, C.; Wang, W.; Yuan, Y.; Sun, Y.; Xu, F. Perceptions of hierarchical medical system and associated factors in key primary care practitioners. Chin. Gen. Pract. 2022, 25, 822–828. [Google Scholar]

	



Yip, W.; Fu, H.; Chen, A.T.; Zhai, T.; Jian, W.; Xu, R.; Pan, J.; Hu, M.; Zhou, Z.; Chen, Q.; et al. 10 years of health-care reform in China: Progress and gaps in Universal Health Coverage. Lancet. 2019, 394, 1192–1204. [Google Scholar] [CrossRef]

	



Ma, X.; Ren, F.; Du, Q.; Liu, P.; Li, L.; Xi, Y.; Jia, P. Incorporating multiple travel modes into a floating catchment area framework to analyse patterns of accessibility to hierarchical healthcare facilities. J. Transp. Health 2019, 15, 100675. [Google Scholar] [CrossRef]

	



Li, X.; Lu, J.; Hu, S.; Cheng, K.K.; Maeseneer, J.D.; Meng, Q.; Mossialos, E.; Xu, D.R.; Yip, W.; Zhang, H.; et al. The primary health-care system in China. Lancet. 2017, 390, 2584–2594. [Google Scholar] [CrossRef]

	



Tang, C.; Dong, X.; Lian, Y.; Tang, D. Do Chinese hospital services constitute an oligopoly? Evidence of the rich-club phenomenon in a patient referral network. Future Gener. Comput. Syst. 2020, 105, 492–501. [Google Scholar]

	



Lu, C.; Zhang, Z.; Lan, X. Impact of China’s referral reform on the equity and spatial accessibility of healthcare resources: A case study of Beijing. Soc. Sci. Med. 2019, 235, 112386. [Google Scholar] [CrossRef]

	



Li, M.; Zhang, Y.; Lu, Y.; Yu, W.; Nong, X.; Zhang, L. Factors influencing two-way referral between hospitals and the community in China: A system dynamics simulation model. Simulation 2018, 94, 765–782. [Google Scholar] [CrossRef]

	



Li, Q.; Chen, F.; Yang, M.; Lu, L.; Pan, J.; Li, X.; Meng, Q. The effect of China’s national essential medicine policy on health expenses: Evidence from a national study. INQUIRY J. Health Care Org. Provis. Financ. 2018, 55, 1–11. [Google Scholar] [CrossRef]

	



Siegel, M.; Koller, D.; Vogt, V.; Sundmacher, L. Developing a composite index of spatial accessibility across different health care sectors: A German example. Health Policy 2016, 120, 205–212. [Google Scholar] [CrossRef]

	



Arif, I. Educational attainment, corruption, and migration: An empirical analysis from a gravity model. Econ. Model. 2022, 110, 105802. [Google Scholar] [CrossRef]

	



Wang, F.; Luo, W. Assessing spatial and nonspatial factors for healthcare access: Towards an integrated approach to defining health professional shortage areas. Health Place 2005, 11, 131–146. [Google Scholar] [CrossRef]

	



Peeters, D.; Thomas, I. Distance Predicting functions and applied location-allocation models. Geogr. Syst. 2000, 2, 167–184. [Google Scholar] [CrossRef]

	



Cheng, M.; Lian, Y.J. Spatial accessibility of urban medical facilities based on improved potential model: A case study of Yangpu District in Shanghai. Prog. Geogr. 2018, 37, 266–275. [Google Scholar]

	



Tang, P.F.; Xiang, J.J.; Luo, J.; Chen, G.L. Spatial accessibility analysis of primary schools at the county level based on the improved potential model: A case study of Xiantao City, Hubei Province. Prog. Geogr. 2017, 36, 697–708. [Google Scholar]

	



Zhang, Y.; Cao, M.; Cheng, L.; Gao, X.; Vos, J.D. Exploring the temporal variations in accessibility to health services for older adults: A case study in Greater London. J. Transp. Health 2022, 24, 101334. [Google Scholar] [CrossRef]

	



Mayaud, J.R.; Tran, M.; Nuttall, R. An urban data framework for assessing equity in cities: Comparing accessibility to healthcare facilities in Cascadia. Comput. Environ. Urban Syst. 2019, 78, 101401. [Google Scholar] [CrossRef]

	



Sharma, G.; Patil, G.R. Public transit accessibility approach to understand the equity for public healthcare services: A case study of Greater Mumbai. J. Transp. Geogr. 2021, 94, 103123. [Google Scholar] [CrossRef]

	



Xing, J.; Ng, S.T. Analyzing spatiotemporal accessibility patterns to tertiary healthcare services by integrating total travel cost into an improved E3SFCA method in Changsha, China. Cities 2022, 122, 103541. [Google Scholar] [CrossRef]

	



Cheng, L.; Yan, M.; Vos, J.D.; Witlox, F. Examining geographical accessibility to multi-tier hospital care services for the elderly: A focus on spatial equity. J. Transp. Health 2020, 19, 100926. [Google Scholar] [CrossRef]

	



Yan, X.; Shan, L.; He, S.; Zhang, J. Cross-city patient mobility and healthcare equity and efficiency: Evidence from Hefei, China. Travel Behav. Soc. 2022, 28, 1–12. [Google Scholar] [CrossRef]

	



Cheng, G.; Zeng, X.; Duan, L.; Lu, X.; Sun, H.; Jiang, T.; Li, Y. Spatial difference analysis for accessibility to high level hospitals based on travel time in Shenzhen, China. Habitat Int. 2016, 53, 485–494. [Google Scholar] [CrossRef]








[image: Ijerph 19 10441 g001 550] 





Figure 1. Healthcare resources with inverted pyramid structure. 
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Figure 2. Process of the referral system. 
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Figure 3. Wuhan Metropolitan Development Zone. 
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Figure 4. (a) Distribution of population in the Wuhan Metropolitan Development Zone; (b) distribution of hospitals in the Wuhan Metropolitan Development Zone; (c) traffic network in the Wuhan Metropolitan Development Zone. 
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Figure 5. Different stages of referral. 
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Figure 6. (a) Accessibility of secondary and tertiary hospitals (  β = 1  ); (b) accessibility of secondary and tertiary hospitals (  β = 2   ). 
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Figure 7. Accessibility of primary hospitals (first diagnosis). 
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Figure 8. Accessibility of the first stage referral. 
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Figure 9. Accessibility of the second-stage referral. 
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Figure 10. Accessibility of the cross-level referral. 
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Table 1. Accessibility of secondary and tertiary hospitals without the referral system.
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	Accessibility (Standard Value = 6.5)
	Number of Communities
	Proportion





	Up to the standard
	154
	7.91%



	Not up to the standard
	1793
	92.09%
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Table 2. Number of communities meeting the standard (first diagnosis).
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	Accessibility (Standard Value = 1)
	Number of Communities
	Proportion





	Up to the standard
	1833
	94.6%



	Not up to the standard
	104
	5.4%
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Table 3. Number of communities meeting the standard (the first stage).
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	Accessibility (Standard Value = 20)
	Number of Communities
	Proportion





	Up to the standard
	1803
	92.6%



	Not up to the standard
	144
	7.4%
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Table 4. Number of communities meeting the standard (the second stage).
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	Accessibility (Standard Value = 3)
	Number of Communities
	Proportion





	Up to the standard
	1945
	99.9%



	Not up to the standard
	2
	0.1%
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Table 5. Number of communities meeting the standard (cross-level referral).
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	Accessibility (Standard Value = 50)
	Number of Communities
	Proportion





	Up to the standard
	1926
	98.3%



	Not up to the standard
	33
	1.7%
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