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Abstract

:

The hierarchical healthcare system is widely considered to be a desirable mode of the delivery of healthcare services. It is expected that the establishment of a hierarchical healthcare system can help provide better and more equal healthcare accessibility. However, limited evidence has been provided on the impacts of a hierarchical healthcare system on healthcare accessibility. This study develops an improved Hierarchical two-step floating catchment area (2SFCA) method, which incorporates variable catchment area sizes, distance friction effects and utilization efficiency for facilities at different levels. Leveraging the Hierarchical 2SFCA method, various scenarios are set up to assess the accessibility impacts of a hierarchical healthcare system. The methods are applied in a case study of Shenzhen. The results reveal significant disparity and inequality in healthcare accessibility and also differences between various facility levels in Shenzhen. The overall healthcare accessibility and its equality can be significantly improved by fully utilizing existing facilities. It is also demonstrated that allocating additional supply to lower-level facilities can generate larger accessibility gains. Furthermore, allocating new supply to primary facilities would mitigate the inequality in healthcare accessibility, whereas inequality tends to be aggravated with new supply allocated to tertiary facilities. These impacts cannot be captured by traditional accessibility measures. This study demonstrates the pivotal role of primary facilities in the hierarchical healthcare system. It can contribute to the literature by providing transferable methods and procedures for measuring hierarchical healthcare accessibility and assessing accessibility impacts of a hierarchical healthcare system in developing countries.
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1. Introduction


Human health is a key topic drawing great attention from global researchers from domains such as medicine, public health, urban planning and geography. With the increasing improvement in wealth and well-being, increasing attention is being paid to health. The United Nations highlights good health and well-being as one of the 17 Sustainable Development Goals [1]. In China, the “Healthy China 2030” strategy emphasizes the promotion of the equalization of health services and thus the health status of residents [2].



The rational distribution of healthcare facilities is a critical influencing factor on the utilization and outcomes of healthcare services [3,4]. Inequality in accessing healthcare services is considered to be a major threat to the overall level of health [3,5]. Even in developed countries such as the U.S. where the total supply of healthcare services is relatively sufficient, there is still a considerable proportion of the population lacking access to healthcare services due to the unequal distribution of resources [6]. In developing countries, the provision of healthcare services is facing great challenges in terms of both insufficient supply and an unbalanced distribution of healthcare services [7,8,9,10]. In China, the difficulty in seeking a doctor (“kanbingnan” in Chinese) has been a recurrent topic drawing attention from both policymakers and researchers. The unequal distribution of healthcare resources is considered to be a key cause of this problem [11].



The delivery of healthcare services is generally organized in a hierarchical manner [12,13,14]. In other words, there are multi-level facilities that provide differentiated healthcare services to patients. Generally, higher-level facilities provide more complicated diagnoses and treatments for difficult miscellaneous diseases, while lower-level facilities are responsible for common diseases and rehabilitation treatments [15,16]. A well-established hierarchical healthcare system is crucial for the improvement of the efficiency and equality of healthcare services. The “kanbingnan” problem in China has often been attributed to the disordered and underdeveloped hierarchical healthcare system [11,13]. A major feature of this system is that high-level facilities are heavily overloaded, whereas low-level facilities remain underutilized. Therefore, the establishment of a hierarchical healthcare system is highlighted in the “Healthy China 2030” strategy [2]. The outbreak of the COVID-2019 pandemic has further uncovered the weakness of primary healthcare services in China [17], which makes an urgent appeal for a better hierarchical healthcare system.



Spatial accessibility is a useful tool that has been widely used to evaluate the configuration of public facilities, including healthcare facilities. It measures how many opportunities people can access and how easy it is to access these opportunities [18]. Spatial accessibility is mainly determined by the amount of available resources and the spatial barriers that patients have to overcome to seek healthcare services [3,19,20]. These factors are closely related to population distribution, facility distribution and the transport network, which are common components dealt with in urban planning. Therefore, spatial accessibility is an appropriate planning and policy countermeasure to promote the equality of healthcare resources and improve health outcomes.



Numerous methods have been developed for measuring spatial accessibility. Basic measures include the proximity-based method, supply–demand ratio method and the cumulative opportunities method. The proximity-based method focuses on the travel cost from each location to the nearest facility [4]. The supply–demand ratio method calculates the ratio of total supply to total demand within each geographic unit (usually represented by administrative or census units), which reflects the availability of services [20]. The cumulative opportunities method measures the amount of opportunities that can be reached within a certain distance or travel time [21]. However, some essential factors are overlooked in these basic accessibility measures, e.g., the complex interaction between demand and supply sides and the competition effects among demanders. More comprehensive measures have been proposed to better capture various factors, among which the two-step floating catchment area (2SFCA) method and its numerous variants are the most widely used [3,22,23]. Essentially, 2SFCA is a special form of gravity-based measures [24]. A series of improved forms of 2SFCA have been developed, including the Enhanced 2SFCA [25], Gaussian 2SFCA [26], Nearest-Neighbor 2SFCA [27], Modified 2SFCA [28], Multi-modal 2SFCA [29] and iFCA [22], which further strengthen the prevalence of the 2SFCA method family.



Until recently, however, few studies have strived to measure healthcare accessibility in a hierarchical system. Some consensuses have been reached among these exploratory studies on the heterogeneity in catchment area sizes, distance friction effects and transport modes among different levels [12,15,30,31]. Meanwhile, some studies are focused on the impacts of the referrals between facilities at different levels on healthcare accessibility [13,32,33]. Furthermore, the establishment of a hierarchical medical system would also influence the health seeking behaviors of patients [16]. Notably, most existing studies on the impacts of a hierarchical healthcare system on healthcare accessibility rely on the 2SFCA method. As pointed out by Tao et al. [15], however, 2SFCA and its variants are defective in measuring accessibility to hierarchical facilities. Traditional methods treat distance decay effects in a relative form but overlook the absolute form of distances [28]. As a result, the differences in the travel distance to facilities at various levels are excluded in the estimated accessibility. Consider two scenarios where the same amounts of healthcare resources are configured at different levels. The resulting accessibility in the scenario where the resources are assigned to lower-level facilities should be higher because there are generally more lower-level facilities and they can be accessed by patients at a shorter distance. However, the traditional 2SFCA methods would generate the same accessibility in these two scenarios [15]. Furthermore, it remains difficult to differentiate the heterogenous accessibility impacts of allocating healthcare resources at different levels. This drawback would undoubtedly lead to biases in the understanding of the accessibility impacts of a hierarchical healthcare system.



Given the above, this study intends to evaluate the impacts of the establishment of a hierarchical healthcare system on healthcare accessibility and its equality in China. Our focus is on the differences in resource utilization rates and accessibility improvement among healthcare facilities at different levels. The evaluation is conducted by applying and adopting the Hierarchical 2SFCA (H2SFCA) method. H2SFCA was developed by Tao et al. [15], and it incorporates multi-level catchment areas and distance decay functions and both relative and absolute distance decay effects into the traditional 2SFCA framework. This study aims to further improve H2SFCA by adjusting the absolute distance decay function to more accurately reflect the hierarchical nature of healthcare accessibility. Leveraging this improved accessibility measure, this study will evaluate the accessibility impacts of a hierarchical healthcare system in two different scenarios. In the first scenario, it is assumed that the establishment of a hierarchical healthcare system would improve the utilization rates of existing resources provided by low-level facilities, based on which the accessibility impacts are assessed. In the second scenario, we further investigate the differences in accessibility improvement by allocating resources to facilities at different levels. The methods and procedures will be applied and validated in a case study of Shenzhen. This study can strengthen our understanding of the accessibility impacts of a hierarchical healthcare system and provide evidence for relevant policymaking in China. In addition, it can also provide transferable methods and procedures for measuring accessibility to hierarchical facilities and evaluating accessibility impacts of hierarchical healthcare systems in other developing countries.




2. Materials and Methods


Shenzhen, one of the mega-cities in China, is selected as the study area. Shenzhen has a typical Chinese hierarchical healthcare system [15,30]. As one of the earliest economic special zones in China, Shenzhen has experienced rapid economic growth and urbanization since the opening-up. The healthcare service system in Shenzhen, however, lags behind its economic success. By 2019, the total population of Shenzhen was 13.44 million, residing on a land area of 1997 square kilometers.



2.1. Hierarchical Healthcare System in China


Public healthcare facilities are organized as a three-level hierarchical system in China, including tertiary hospitals, secondary hospitals and primary facilities from the highest to the lowest level [34]. Primary healthcare facilities mainly refer to community healthcare service centers (CHSCs) in Chinese cities, which are responsible for the basic treatments and rehabilitation of common diseases, frequently occurring diseases and chronic diseases. Tertiary and secondary hospitals provide emergency treatments, hospitalization, and diagnoses and treatments of difficult miscellaneous diseases. Medical scientific research and teaching and the development of key medical disciplines are mainly organized in tertiary hospitals. Referrals between different levels are essential for the operation of the hierarchical system. Theoretically, most treatments should be performed at primary facilities.



Generally, hierarchical facilities can be classified into single-flow versus multi-flow, nested versus non-nested or spatially coherent systems versus non-coherent systems [15,35,36]. Taking the three-level healthcare facilities as an example, in a single-flow system, patients must be assigned to primary facilities to receive primary treatments, and then transferred to higher-level facilities if needed. By contrast, patients can choose facilities at any level at the first step in a multi-flow system. In a nested system, higher-level hospitals can also provide primary healthcare services, while in a non-nested system facilities at different levels provide mutually exclusive services and primary treatments can only be provided at primary facilities. A spatially coherent system refers to the system where the service scopes of facilities at different levels are consistent. In other words, patients assigned to a lower-level facility can only be transferred to the higher-level facility that this facility is affiliated with. In a spatially non-coherent system, however, there are no such constraints on health seeking behaviors.



The Chinese hierarchical healthcare system is currently not well established, and it can be classified as a multi-flow, nested and spatially non-coherent system [15]. A large proportion of patients seek healthcare at higher-level facilities, especially at tertiary hospitals, partially due to the unbalanced service capacities and medical levels among different levels. As a result, higher-level facilities, especially tertiary hospitals, are highly busy and even overloaded, whereas lower-level facilities are unoccupied to a certain extent [13].



It is natural to expect that the establishment of a hierarchical healthcare system would improve the utilization efficiency of lower-level healthcare resources by attracting more patients to choose lower-level facilities. It has been confirmed that the introduction of the hierarchical healthcare system has increased the utilization of primary facilities in some Chinese cities [16]. However, it remains unknown how the establishment of a hierarchical healthcare system and increases in utilization efficiency of lower-level facilities would influence healthcare accessibility.




2.2. Data Sources


The analysis units in this study are set as the communities, which are the most basic administrative and census units in Chinese cities. Based on the 6th national population census of China, there were 771 communities in Shenzhen, each of which had an average population of 13.4 thousand persons and an average area of 2.59 square kilometers. Most healthcare accessibility studies in China used town-level units in their analyses. The communities used in this study are much finer than town-level units and can provide more detailed and precise results. The town-level population density and communities are shown in Figure 1.



The public healthcare facilities data were obtained from the official website of the Shenzhen Municipal Health Commission [37], including the name, grade, number of physicians and beds and address of each public healthcare facility. The addresses were then transferred to geographic coordinates by using Baidu Map Geocoding API (Application Programming Interface). The numbers of primary facilities, secondary hospitals and tertiary hospitals are 612, 35 and 19, respectively. The supply sizes of healthcare facilities are represented by their physicians. The average sizes of the three-level facilities are 6, 182 and 422 physicians, respectively. As shown in Figure 1, primary and secondary facilities are relatively dispersed across the districts, whereas tertiary hospitals are mainly concentrated in the central districts, e.g., Luohu, Futian and Nanshan.



The numbers of treatments at multi-level facilities were obtained from the “Summary of Health Statistics in 2019 of Shenzhen” [38]. This data source only includes CHSCs and general hospitals, without differentiation between tertiary and secondary hospitals. Therefore, the differences in utilization efficiency between tertiary and secondary hospitals were further estimated based on the average utilization rates of hospitalization beds. These data were obtained from the “2013 Yearbook of Health Statistics of Shenzhen” [39], which was the latest version of this yearbook that reports the bed utilization rates.




2.3. Methods


2.3.1. The Gaussian 2SFCA


The traditional 2SFCA has been questioned due to its treatment of identical accessibility within the catchment area of a facility [3,25]. Therefore, a series of improvements have been developed by existing studies by incorporating additional distance friction functions into the 2SFCA framework [3,22]. Among these, the Gaussian 2SFCA equipped with a Gaussian-form distance friction function has been widely applied [5,26]. The Gaussian 2SFCA can be expressed by Equations (1) and (2).


   A i  =   ∑  j     S j  f  (   d  i j    )      ∑  k   P k  f  (   d  k j    )     



(1)




where    A i    is the accessibility at i-th location,    S j    is the supply size of j-th facility,    P k    is the population at k-th location and    d  i j     and    d  k j     are travel times from i-th and k-th demand location to j-th facility, respectively. f is the Gaussian-form distance friction function, which can be written as:


  f  (   d  i j    )  =  {         e  − 1 / 2 ×    (   d  i j   /  d 0   )   2    −  e  − 1 / 2     1 −  e  − 1 / 2     ,        d  i j   ≤  D 0                            0 ,                d  i j   >  D 0         



(2)




where    D 0    is the catchment area size of the facilities.




2.3.2. The Hierarchical 2SFCA


The traditional 2SFCA and gravity-based methods have a so-called weighted-average property, i.e., the population-weighted average accessibility of all units always equals the ratio of total supply to total population [24,40]. It means that the calculation of accessibility is to allocate the resources of each facility to the demanders within its catchment area according to numbers of demanders and the travel costs to the facility in a relative sense. This property makes the accessibility results more easy to interpret and implement. However, as pointed out by existing studies [15,28], this property would lead to the relative distance bias problem because only the relative distances rather than absolute distances work in the calculation of accessibility. Briefly speaking, the absolute distance means the absolute value of distance between communities and facilities, which is expressed in the form of travel time in this study. By contrast, the relative distance means the value or weight relative to the threshold distance (i.e., catchment area size). Therefore, when applied to the case of hierarchical facilities, traditional methods would generate biased accessibility results, especially in the comparison between accessibility at different levels [15]. It is urgently suggested that both relative and absolute distance friction effects should be considered in the measurement of hierarchical healthcare accessibility [15].



A Hierarchical 2SFCA (H2SFCA) has been proposed by Tao et al. [15], which is based on Gaussian 2SFCA and further incorporates multiple catchment area sizes and different distance friction effects for facilities at different levels. Enlightened by the Modified 2SFCA [28], an additional distance friction function is added into H2SFCA to account for both relative and absolute distance friction effects. However, Tao et al. set different catchment area sizes for facilities at different levels [15], just like the relative distance friction function. This study will improve H2SFCA by using a unified catchment area size for all facilities in the absolute distance friction function. By doing so, the differences in absolute distance friction effects between different facility levels can be accurately captured.



Furthermore, to reflect the increases in the utilization efficiency of low-level facilities induced by the hierarchical healthcare system, a variable representing the utilization efficiency of facilities is incorporated into the model. The combination of    S j    and    U l    represents the actual available supply of facility j at level l. The improved H2SFCA can be written as:


   A i  =   ∑  l    ∑   j ∈  {   d  i j   ≤  D l   }       S j   U l  f r  (   d  i j    )  f a  (   d  i j    )      ∑   k ∈  {   d  k j   ≤  D l   }     P k  f r  (   d  i j    )     



(3)




where    A i    is the overall accessibility of unit i in a hierarchical system, l represents the level that a facility belongs to,    U l    is the utilization efficiency of facilities at level l,    D l    is the catchment area size at level l and fr and fa are Gaussian-form functions reflecting relative and absolute distance friction effects, respectively. Other variables are the same as Equation (1). fr and fa can be expressed as:


  f r  (   d  i j    )  =  {         e  − 1 / 2 ×    (   d  i j   /  D l   )   2    −  e  − 1 / 2     1 −  e  − 1 / 2     ,        d  i j   ≤  D l                            0 ,                d  i j   >  D l         



(4)






  f a  (   d  i j    )  =  {         e  − 1 / 2 ×    (   d  i j   /  D  m a x    )   2    −  e  − 1 / 2     1 −  e  − 1 / 2     ,        d  i j   ≤  D  m a x                             0 ,                d  i j   >  D  m a x          



(5)




where fr specifies a variable catchment area size according to facility levels, while fa uses a unified catchment area size (i.e., the maximum value of    D l   ) for different facility levels. Specifically,    D  m a x     is set as the catchment area size of tertiary hospitals in this study.



According a survey conducted by Cheng et al. [41], travels to general hospitals in Chinese cities mainly rely on driving, while travels to primary healthcare facilities mainly rely on active modes including cycling or walking. The travel times between communities and general hospitals (tertiary and secondary) were estimated by using Baidu Map Navigation Application Programming Interface (API). This approach has superiority in terms of real-time traffic status, actual driving rules and updated road networks, and therefore can generate a reliable and accurate estimation of travel time [42,43]. The cycling mode travel times from communities to primary facilities were estimated based on the Euclidean distances and typical cycling speed. The latter was set as 9 km/h according the “2017 White Book of Shared Bikes and Urban Development in China” [44]. The geometric centroids of communities and healthcare facilities were set as origins and destinations, respectively.



As suggested by existing studies [5,45], the catchment area sizes were set based on the natural break points in the distribution of the travel time from each community to its nearest facility. By doing so, the setting of catchment areas ensures that most communities are included in the catchment areas, while the rest of the communities that are very distant from facilities are excluded from catchment areas and assigned with zero accessibility. The procedures were separately conducted for each facility level. After applying the procedures, the catchment area sizes for primary facilities, secondary hospitals and tertiary hospitals, i.e.,    D 1   ,    D 2    and    D 3    (   D  m a x    ), were set as 25, 40 and 70 min, respectively.




2.3.3. Framework for Evaluating the Accessibility Impacts of Hierarchical Healthcare System


Based on scenario analyses of accessibility measured by H2SFCA, the impacts of a hierarchical healthcare system on healthcare accessibility and its equality can be quantified. In this study, two types of accessibility impacts will be examined.



The first type of accessibility impact (improving-efficiency accessibility impact) is induced by the improvement of low-level facilities’ utilization efficiency. As demonstrated above, the resources at lower-level healthcare facilities are not fully utilized in the status quo healthcare system in China. The establishment of a hierarchical healthcare system would improve the hierarchy structure of the healthcare system and increase the utilization efficiency of low-level facilities. The first objective of this study is to evaluate this type of accessibility impact of the hierarchical healthcare system. Analyses will also be conducted to explore how such an accessibility impact would be distributed across the city.



The utilization efficiency is estimated based on the total treatments and physicians data. The average number of treatments per physician for CHSCs (i.e., primary facilities) and general hospitals (including both tertiary and secondary hospitals) is 1333 and 3595, respectively. To further differentiate the difference in utilization efficiency between tertiary and secondary hospitals, the average bed utilization rates were collected, which are 87% and 95%, respectively. Considering that our main purpose is to examine the differences in utilization efficiency and accessibility gains between different levels, the utilization efficiency of tertiary hospitals is set as the benchmark. In other words, the actual utilization efficiency of tertiary hospitals is set as 100%. The actual utilization efficiency of secondary hospitals and primary facilities is set as 90% and 40%. By contrast, in the improved scenario, the utilization efficiency of facilities at all levels is supposed to increase to 100% due to the establishment of a hierarchical healthcare system. It can be observed from Table 1 that there is significant disparity in the utilization efficiency of facilities at different levels. Notably, the utilization efficiency of primary facilities is much lower than higher-level facilities. In the improved scenario where hierarchical healthcare was established, the service capacities of primary facilities and secondary hospitals can be increased by 150% and 11% compared to the status quo, which are equivalent to 1469 and 637 more physicians, respectively.



The second type of accessibility impact (adding-supply accessibility impact) is engendered in hypothetical scenarios where a certain newly added supply (physicians) was configured at different levels. The purpose is to examine the difference in accessibility gains of allocating the same amount of supply to facilities at different levels. Our expectation is that allocating supply to lower-level facilities would generate larger accessibility gains because lower-level facilities are closer to patients on average and thus can provide better accessibility. As for each level, it is assumed that the newly added supplies were equally allocated to each facility at this level. As a preliminary attempt, we assume that 2000 additional physicians in total were added in each scenario.



To measure and compare the inequality of healthcare accessibility in various scenarios, two popular metrics, namely the Gini coefficient and the coefficient of variation (CV), are applied. The Gini coefficient measures the extent to which the distribution of an indicator deviates from the equal distribution. CV is calculated by dividing the standard deviation by the mean value. Larger values of the Gini coefficient and CV both indicate a higher inequality. Moreover, both metrics can be applied for the comparison between different indicators.



Figure 2 summarizes the procedures to conduct all the analyses in this study.






3. Results


3.1. Actual Accessibility to Hierarchical Healthcare Facilities in Shenzhen


We first measured the actual accessibility to hierarchical healthcare facilities under the actual utilization efficiency scenario, which reflects the actual available healthcare resources in the current healthcare system in Shenzhen. The values of accessibility indicate the average number of physicians available to each person. Figure 3 shows the overall actual healthcare accessibility that sums up the accessibility to three-level facilities. The intervals used for mapping accessibility were determined by the natural breaks approach. It can be first observed that there is a significant spatial inequality in the actual healthcare accessibility in Shenzhen. The overall accessibility is highest in Futian, one of the central districts in Shenzhen, and gradually decreases outwards from Futian. The second feature is that the accessibility in the eastern part is relatively higher than that in the western part of Shenzhen. It is noteworthy that the density of healthcare facilities is similar in eastern and western Shenzhen. The higher accessibility in eastern Shenzhen may be caused by its lower population density. This reveals considerable spatial mismatch between healthcare resource supply and demand in Shenzhen.



The improved H2SFCA method can also generate healthcare accessibility at each level. As shown in Figure 4, the magnitudes and distributions of actual healthcare accessibility at three levels are quite different. First, the magnitude of healthcare accessibility to primary facilities is much lower than accessibility to higher-level facilities. This demonstrates that though there is a large number of primary facilities, their service capacity and resources are still highly insufficient.



Second, the distributions of healthcare accessibility at different levels are quite different. The accessibility to primary facilities is relatively equal across the city, which is also confirmed by the low CV value of 0.228 (Table 2). By contrast, the distribution of accessibility to secondary hospitals is more unbalanced, with a CV of 0.439. It is higher in Futian, Longgang, Pingshan and Dapeng, but much lower in Longhua. The CV of accessibility to tertiary hospitals is 0.542, indicating that the inequality in accessibility to tertiary hospitals is the largest. The accessibility to tertiary hospitals is highest in Futian and Luohu and rapidly decreases outwards. Briefly speaking, the distribution of accessibility to higher-level facilities is unequal, whereas the accessibility to primary facilities is equally distributed but is overall insufficient.




3.2. Improving-Efficiency Accessibility Impacts of Hierarchical Healthcare System in Shenzhen


The establishment of a hierarchical healthcare system would improve the utilization efficiency of existing resources of healthcare facilities, especially low-level facilities. This is expected to generate accessibility gains and also change the equality of accessibility. By setting the utilization efficiency of all facilities as 100% and comparing the resulting accessibility with the actual accessibility, the improving-efficiency accessibility impacts of a hierarchical healthcare system can be quantified. As shown in Table 2, the improvement in utilization efficiency can cause a 21.7% increase in the weighted average overall accessibility. Notably, the accessibility to primary facilities is greatly increased by 142.9%. As for the impacts on accessibility equality, the CVs and Gini coefficients of accessibility were calculated.



Figure 5 shows the distribution of the changes in overall healthcare accessibility caused by the improvement in utilization efficiency, which is represented by the ratio of the after-improvement accessibility to the actual accessibility without the improvement. The accessibility ratio is larger than 1 across all units in Shenzhen, indicating that all communities can benefit from the improvement in utilization efficiency of existing facilities and the establishment of a hierarchical healthcare system. However, such accessibility gains are not evenly distributed as they are larger in peripheral areas, especially in the northwestern and southeastern parts of Shenzhen (i.e., Guangming and Dapeng districts). The accessibility gains are negatively correlated with the actual healthcare accessibility. Therefore, it is possible that an improvement in utilization efficiency can mitigate the inequality in healthcare accessibility. This can be clearly proved by the CVs presented in Table 2. The CVs of the overall, primary and secondary healthcare accessibility decreased by 5.3%, 3.9% and 0.9%, respectively. The comparisons of Gini coefficients yield similar conclusions.



However, the improvement in equality in healthcare accessibility engendered by improving utilization efficiency is relatively weak. As shown in Figure 6, after considering the improving-efficiency accessibility impacts, the distribution of healthcare accessibility is still uneven. The accessibility in northwestern Shenzhen, including Bao’an, Guangming and Longhua, is much poorer than other districts.




3.3. Adding-Supply Accessibility Impacts of Hierarchical Healthcare System in Shenzhen


In this part, we further examine the accessibility impacts of adding a certain supply to facilities at different levels. In each scenario, 2000 additional physicians are equally allocated to facilities at each level. Table 3 summarizes relevant statistics that reflect the adding-supply accessibility impacts. With respect to the same amount of supply, when allocated to facilities at a lower level, the increase in average healthcare accessibility would be larger. The accessibility increasing rate by allocating supply at primary facilities is about a half larger than that by allocating supply at tertiary hospitals. This is because lower-level facilities are closer to patients on average. This difference in accessibility impacts cannot be captured by traditional accessibility measures.



As shown in Figure 7, the distributions of accessibility gains by adding supply to facilities at different levels are different. When allocated to primary and secondary facilities, the newly added supply would generate larger accessibility gains in peripheral areas in Shenzhen. This may be good for the promotion of equality in healthcare accessibility. By contrast, when the supply is allocated to tertiary facilities, the accessibility gains are larger in central areas. This would possibly aggravate the inequality in healthcare accessibility. According to changes in the CV and Gini coefficient of accessibility (Table 3), allocating new supply to primary facilities would mitigate the inequality in healthcare accessibility, while allocating supply to tertiary facilities would aggravate inequality. Allocating new supply to secondary facilities has no significant impact on accessibility equality.





4. Discussion and Conclusions


The establishment of a hierarchical healthcare system is highlighted in the “Healthy China 2030” strategy, which is expected to be helpful in promoting equality in healthcare accessibility. However, it still remains unknown how the establishment of a hierarchical healthcare system will impact healthcare accessibility and its equality. Furthermore, traditional spatial accessibility measures are incapable of capturing the differences in accessibility impacts between different facility levels in a hierarchical system.



This study first developed an improved Hierarchical 2SFCA method, which is competent for measuring spatial accessibility to hierarchical healthcare facilities. The method is developed based on the Gaussian 2SFCA, and further incorporates variable catchment area sizes, distance friction effects and transport modes with respect to different facility levels. Moreover, a utilization efficiency variable is incorporated into the model to reflect the impacts of a hierarchical healthcare system on accessibility through promoting efficient exploitation of the resources of existing facilities. Taking Shenzhen as a case study, based on the comparison between different scenarios of healthcare accessibility measured by the proposed Hierarchical 2SFCA method, the impacts of the hierarchical healthcare system on healthcare accessibility and its equality were quantitively assessed.



The results reveal that there is significant disparity and inequality in the overall healthcare accessibility in Shenzhen. Furthermore, the magnitude and distribution accessibility are quite different among various facility levels. Lower-level healthcare accessibility is more equally distributed, but is insufficient in magnitude because less resources are provided at lower-level facilities. By contrast, higher-level healthcare facilities provide higher but much more unequal accessibility. To promote the establishment of the hierarchical healthcare system and improve healthcare equality, two complementary countermeasures should be combined. One is to allocate more healthcare resources to primary facilities and improve their medical levels, and the other one is to optimize the locations of higher-level facilities towards more equal distribution.



Focusing on the insufficient utilization of resources at lower-level facilities, this study further examines the impacts of the hierarchical healthcare system on healthcare accessibility and its equality through promoting full utilization of existing facilities. It is estimated that the utilization efficiencies of primary and secondary facilities are only 40% and 90% of that of tertiary facilities. The overall healthcare accessibility can be improved by 21.6% by improving the utilization efficiency of existing facilities. More precisely, the average accessibility to primary and secondary facilities can be improved by 142.9% and 10.4%, respectively. It is also demonstrated that the improvement in utilization efficiency of existing facilities can improve equality in healthcare accessibility.



Leveraging the improved H2SFCA method, this study also investigates the accessibility impacts of adding a certain new supply of healthcare resources, and compares the differences in such impacts by allocating the new supply to different facility levels. Allocating the same amount of supply to facilities at a lower level can generate larger healthcare accessibility gains. The reason is that lower-level facilities are closer to patients on average and thus can provide better accessibility, which cannot be captured by traditional accessibility measures and proves the effectiveness and superiority of the proposed H2SFCA method. Furthermore, allocating new supply to primary facilities would mitigate the inequality in healthcare accessibility, whereas inequality tends to be aggravated with new supply allocated to tertiary facilities.



This study provides quantitative evidence that the establishment of a hierarchical healthcare system can improve healthcare accessibility and its equality. It also emphasizes the pivotal role of primary facilities in the hierarchical healthcare system. Primary facilities have advantages in their larger amounts and dispersed distribution, and therefore can provide services to the scattered population at a shorter distance. However, the service capacity and medical level of primary facilities are insufficient in the current healthcare system in China, which forces patients to seek healthcare more frequently at higher-level facilities. These findings support the strategies to strengthen primary facilities in the hierarchical healthcare system that have been recommended in the “Guiding opinions on propelling the building of a hierarchical diagnosis and treatment system” and the “Healthy China 2030” planning issued by Chinese governments.



Existing studies have made efforts to decipher the inter-level differences in accessibility to hierarchical healthcare facilities [30,31]. Some studies have also examined the impacts of referrals between facilities at different levels on healthcare accessibility [13,32,33]. However, little attention has been paid to the impacts of the insufficient utilization of lower-level facilities on healthcare accessibility. In this regard, this study contributes to the literature by providing transferable methods and procedures for measuring hierarchical healthcare accessibility and assessing the accessibility impacts of the hierarchical healthcare system. Notably, the characteristics of the healthcare system investigated in this study may also exist in other developing countries where the hierarchical healthcare system is underdeveloped. Therefore, the findings and proposed methods in this study have possibilities to be applied and further developed in international contexts.



There are some limitations to this study. First, this study mainly focuses on the spatial factors in determining healthcare accessibility. With regard to the differences between accessibility to facilities at different levels, this study mainly considers the advantages of lower-level facilities at closer distances to patients. Future studies can further account for other factors, e.g., the affordability of healthcare services and the economies of scale of higher-level and larger-size facilities. Second, though the improvement in utilization efficiency and the expansion of existing facilities were examined in this study, little has been done to optimize the distribution of hierarchical healthcare facilities. Third, simplifications have been made in this study, i.e., the setting of equal utilization efficiency across facilities at the same level, or the consideration of 2000 additional physicians and equal assignment of this supply in the adding-supply scenarios. Future studies should make further efforts to improve the methodology regarding these simplifications. Fourth, public transport modes (e.g., buses and subway) were not considered in this study due to the difficulty in estimating travel times via multiple modes at the community level.
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Figure 1. The distribution of communities, town-level population density and hierarchical healthcare facilities in Shenzhen. 
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Figure 2. The framework of this study. 






Figure 2. The framework of this study.



[image: Ijgi 10 00615 g002]







[image: Ijgi 10 00615 g003 550] 





Figure 3. Actual overall healthcare accessibility in Shenzhen. 
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Figure 4. Actual accessibility to hospitals at various levels in Shenzhen. 
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Figure 5. The distribution of improving–efficiency accessibility impacts in Shenzhen. 
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Figure 6. The distribution of healthcare accessibility after improving utilization efficiency in Shenzhen. 
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Figure 7. The distribution of accessibility impacts by adding supply at different levels in Shenzhen. 
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Table 1. Utilization efficiency of three-level healthcare facilities in actual and improved scenarios.
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Levels

	
Utilization Efficiency




	
Actual

	
Improved






	
Primary

	
40%

	
100%




	
Secondary

	
90%

	
100%




	
Tertiary

	
100%

	
100%
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Table 2. Improving-efficiency accessibility impacts of hierarchical healthcare system in Shenzhen.
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Levels

	
Weighted Average Accessibility

	
Accessibility Inequality

(CV)

	
Accessibility Inequality

(Gini)




	
Actual

	
Improving-Efficiency

	
Changes

	
Actual

	
Improving-Efficiency

	
Changes

	
Actual

	
Improving-Efficiency

	
Changes






	
Overall

	
0.00115

	
0.00140

	
21.7%

	
0.338

	
0.320

	
−5.3%

	
0.190

	
0.178

	
−6.3%




	
Primary

	
0.00014

	
0.00034

	
142.9%

	
0.228

	
0.219

	
−3.9%

	
0.248

	
0.236

	
−4.8%




	
Secondary

	
0.00048

	
0.00053

	
10.4%

	
0.439

	
0.435

	
−0.9%

	
0.240

	
0.236

	
−1.7%




	
Tertiary

	
0.00054

	
0.00054

	
0

	
0.542

	
0.542

	
0

	
0.311

	
0.311

	
0
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Table 3. Adding-supply accessibility impacts of hierarchical healthcare system in Shenzhen.
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Levels for Adding Supply

	
Weighted Average Overall Accessibility

	
Overall Accessibility Inequality (CV)

	
Overall Accessibility Inequality (Gini)




	
I.E. *

	
Adding-Supply

	
Changes

	
I.E.

	
Adding-Supply

	
Changes

	
I.E.

	
Adding-Supply

	
Changes






	
Primary

	
0.00140

	
0.00159

	
13.6%

	
0.320

	
0.316

	
−1.3%

	
0.178

	
0.175

	
−1.7%




	
Secondary

	
0.00140

	
0.00156

	
11.4%

	
0.320

	
0.320

	
0

	
0.178

	
0.178

	
0




	
Tertiary

	
0.00140

	
0.00153

	
9.3%

	
0.320

	
0.325

	
1.6%

	
0.178

	
0.181

	
1.7%








* Note: I.E. indicates the improving-efficiency scenario. The changes in weighted average accessibility and inequality are calculated in comparison with the improving-efficiency scenario.
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