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Abstract

:

Out-of-hospital cardiac arrest (OHCA) causes a high mortality rate each year, which is a threat to human well-being and health. An automated external defibrillator (AED) is an effective device for heart attack-related diseases and is a panacea to save OHCA. Most relevant literature focuses on the spatial distribution, accessibility, and configuration optimization of AED devices, which all belong to the characteristics of the spatial distribution of AED devices. Still, there is a lack of discussion on related potential influencing factors. In addition, analysis of AED facilities involving multiple city comparisons is less considered. In this study, data on AED facilities in two major cities in China were obtained through the WeChat applet. Then, the AED equity at the city and block scales and its socioeconomic factors were analyzed using the Gini coefficient, Lorenz curve, and optimal parameters-based geo-graphical detector (OPGD) model. Results show that the number of AEDs in Shenzhen was about eight-times that of in Guangzhou. The distribution of AEDs in Shenzhen was more equitable with a global Gini of 0.347, higher than that in Guangzhou with a global Gini of 0.504. As for the determinants of AED equity, residential density was the most significant determinant in both Guangzhou and Shenzhen from the perspective of individual effects on AED equity. Differently, due to the aging population in Guangzhou, the proportion of the elderly in blocks was influential to local AED equity. The local economic development level was crucial to local AED equity in Shenzhen. The results of the interaction detector model illustrate that relatively equitable AED distributions were found in the high-density residential areas with a balance of employment and housing, high-aging residential areas, and high-mobility residential areas in Guangzhou. The area with a high level of local economic development, dense population, and large mobility was the area with a relatively equitable distribution of AEDs in Shenzhen. The results of this paper are conducive to understanding the equity of AEDs and its socio-economic determinants, providing scientific reference for the optimization and management of AEDs.
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1. Introduction


Out-of-hospital cardiac arrest (OHCA) is an emergency that occurs suddenly outside of a hospital and results in cardiac arrest [1,2,3,4]. Causes of OHCA may include heart disease, coronary heart disease, myocardial infarction, sudden heart failure, and respiratory obstruction [2]. When OHCA occurs, the heart stops pumping blood, resulting in insufficient oxygen supply, which can lead to death if first aid measures such as cardiopulmonary resuscitation (CPR) and electrical defibrillation are not performed promptly [5,6]. This is an emergency situation that requires immediate measures for cardiopulmonary resuscitation and the use of an automated external defibrillator (AED) to resume the heart beating on its own as early as possible [7,8,9,10]. The overall incidence of cardiac arrest in China in 2021 was 97.1 per 100,000 [11].



The use of an AED is an emergency measure that can be performed in the event of an OHCA, which can provide timely electrical defibrillation to restore normal heart rhythm [9,10,12,13,14]. The use of an AED can significantly improve survival, depending on a number of factors, including the timing of the implementation of the AED, the cause of the cardiac arrest, and the patient’s underlying condition [6,15,16,17]. The importance of early, timely use of AEDs to improve survival has been widely recognized [9,18,19,20]. Studies have shown that the use of an AED within the first few minutes of an OHCA occurrence, as well as in highly populated areas such as arenas, airports, and aboard airplanes, can increase survival rates by more than two times. This suggests that the use of an AED during cardiac arrest is critical for improved survival. However, the popularity and coverage of AED facilities in China is far less than that in European and American countries and is still in the preliminary stage [10]. At present, the number of AEDs for every 100,000 people in China was about 15 in 2021 [11]. However, the number of AEDs per 100,000 people in the United States and Japan was 317 and 235, respectively [11]. The coverage of AEDs in large cities in China’s coastal provinces is relatively high, especially Shanghai and Guangdong. It is very necessary to plan and implement AED facilities in a massive country like China [14,18]. Therefore, the research on the coverage and equity of the current AED facilities in China’s big cities is conducive to further optimizing the distribution of AED facilities and providing feasible planning technology and scientific reference for backward regions and cities.



Due to its importance to human well-being and health, the study on spatial location of AEDs has become a research hotspot in geography, urban planning, emergency medicine, and other specialties [21,22,23,24,25,26,27]. The relevant literature mainly focused on spatial distribution, accessibility, and spatial optimization layout. First, the literature with spatial distribution analysis as the main content mainly used GIS and spatial statistical methods to analyze the spatial distribution characteristics of AEDs to determine whether the distribution of AEDs is uniform and whether the potential cardiac arrest risk area is covered [9,10,19,21,27]. This kind of research can help to reveal the imbalance of the distribution of AEDs in cities and provide a basis for the rational layout and planning of AEDs. Secondly, the literature focusing on accessibility analysis mainly used geographic computation and network analysis to assess the accessibility of AEDs, that is, the time and distance for people to reach the nearest AED at any location in a city [10,14,19,20]. This helps to determine the coverage of AEDs and improve the efficiency of emergency treatment. Furthermore, the literature focusing on spatial optimization layout is based on geospatial models and optimization algorithms to determine the best location of AED stations under given resource constraints in order to maximize coverage and accessibility [7,13,14,15,21]. This type of research helps planners plan and place AED facilities more efficiently.



However, the current literature focusing on the spatial location of AED facilities still has limitations. The first is data reliability. The AED data that studies have relied on came from different sources, and there may be differences in data quality and accuracy. The lack of uniform data standards and updating mechanisms can also affect the accuracy and comparability of studies. Secondly, in the literature with spatial coverage or accessibility as the main content, the research results paid attention to the characteristics of spatial distribution, but there was a lack of further discussion on social and economic factors. Third, most existing studies took a single city or region as the research area and lack horizontal comparison between cities.



It is necessary to solve these three problems. In terms of data availability, although the government’s health care department has comprehensive data on local AEDs, it does not disclose the data for administrative reasons. In other words, the use of regularly updated, reliable, and easily accessible data sources is a prerequisite for conducting relevant research. In terms of equity, most of the current literature focuses on the accessibility and layout planning of existing AED facilities, which mainly evaluates the supply and demand relationship in terms of the number and distribution of AED facilities. These aspects of research are critical for the initial stage of AED facilities from scratch. However, subsequent attention should be paid to whether the coverage of AED facilities is equitable in the city, as well as the spatial distribution of AED equity in each local area (blocks) in the city, and its potential influencing factors. Solving these three limitations is conducive to correctly understanding the effectiveness and fairness of AED facilities in the city and then put forward relevant planning strategies.



WeChat is the largest instant messaging social media APP in China, and the WeChat applet is a lightweight software that is implanted into the WeChat for quick access. A WeChat applet called Urban Lifesaving Map, which is regularly updated and released by the authorities, summarizes data on AED facilities in major cities across the country and provides users with convenience in the form of navigational maps. This is the first open-source access to a nationwide AED facility data source and usage port to date, providing a promising data source for related research by simultaneously obtaining AED data from multiple cities with the same data quality and standards.



In this study, data on AED facilities in two major cities in China were obtained through the WeChat applet. The current situation of AED facilities in Guangzhou and Shenzhen was evaluated through the aspects of quantity, distribution, equity, and its determinants. First, the AED equity at city scale and block scale was evaluated based on the Gini coefficient and Lorenz curve. Secondly, the optimal parameters-based geographical detector (OPGD) model was used to quantify the individual explanatory power and interactive explanatory power of socio-economic determinants on local AED equity. Finally, the differences in the status quo of AED facilities in the two cities were compared, and the suggestions and strategies for planning, optimization, and management of AED facilities were put forward.




2. Data and Methods


2.1. Study Area


This study chose Guangzhou and Shenzhen as study areas (Figure 1), which are the center cities in the Guangdong–Hong Kong–Macao Greater Bay Area [28]. Guangzhou is the capital city of Guangdong Province in China and an important economic, transportation, and cultural center of the country. Guangzhou is in the southern part of the Pearl River Delta, with a total area of 7434.4 square kilometers and a population of about 18.734 million. Located in the southern part of Guangdong Province, bordering Hong Kong, Shenzhen is a modern international city in China. The total area of Shenzhen is about 1996.85 square kilometers, and the population is about 17.662 million. Shenzhen is one of the forefront cities of China’s reform and opening and an important center of global technological innovation and electronics industry. Previous studies reported that the average annual number of OHCA cases in Guangzhou and Shenzhen were around 874 and 658, respectively [29,30]. In general, it is necessary to pay attention to the status of AED facilities in such megacities with massive population.




2.2. AED Data


In this study, a Python script was used to obtain the AED data from the WeChat applet named City Lifesaving Map (Figure 2). WeChat applet is an application that runs on the WeChat platform, which has a smaller size, faster loading speed, and better user experience compared to traditional mobile applications. WeChat applets can be used directly in WeChat without downloading and installing, and users can open them by scanning a QR code, searching, or from messages shared by friends. In other words, this WeChat applet solves the problem of multi-city AED data integration and update and provides open-source data information for the public.



First, we decomposed Guangzhou and Shenzhen into 500 m grids and obtained the AED facility address information in each grid by traversing the query. Then, the addresses of the AED facilities in Guangzhou and Shenzhen were converted into latitude and longitude coordinates through the geocoding service in Baidu Map API. A total of 6888 AED facilities in Shenzhen and 878 AED facilities in Guangzhou were acquired in the study in December 2022. The difference is less than 5% from the number published on the official website of the National Health and Health Commission, indicating that the data acquisition method in this study is scientific and the data acquisition is suitable for further analysis.




2.3. Methods


2.3.1. Overall Workflow


In general, the research methods were divided into three aspects: data collection, equity assessment, and determinant analysis (Figure 3). First, the data collection part has been described in the Data section. Then, the AEDs of the two cities were visualized in an intuitive way by using the kernel density method in ArcMap. The main methods used in equity evaluation were the GINI coefficient and the Lorenz curve. The equity evaluation was based on a multi-scale: city scale for comparison and block scale for further determinants analysis. Finally, determinant analysis applied the OPGD model to quantify the differences in the influencing factors of AED equity in Guangzhou and Shenzhen, including the individual effect of each factor on equity and the interaction effect of factor pairs on equity.




2.3.2. Equity Assessment with Gini Index and Lorenz Curve


Measuring the AED equity at the city and block scale is of great necessity to understand the supply and demand balance between AED configuration and serving the local population. This study used the Gini coefficient and Lorenz curve to quantify AED equity, a combination commonly used to measure a variety of distributional inequalities, including income, wealth, education, and health [31,32,33,34,35]. The Gini coefficient and the Lorenz curve provide an intuitive way to visualize and quantify the extent of inequality, providing policymakers and researchers with tools to assess and compare inequality across different groups or regions [33].



The Gini coefficient is calculated using the Lorenz curve. The Lorenz curve is a chart line used to represent the distribution of cumulative AED relative to the proportion of the population. On this curve, the horizontal axis represents the cumulative population percentage and the vertical axis represents the cumulative AED percentage. First, calculate the Lorenz curve (usually a diagonal line) for equal distribution based on the total population and total AED in the data. Secondly, the area between the Lorenz curve and the completely equal distribution curve is calculated, that is, the area under the Lorenz curve. Finally, the Gini coefficient is equal to the ratio between the area under the Lorenz curve and the area under the perfectly equal distribution curve. The closer the Gini coefficient is to 1, the more unequal the distribution of AED is. The closer it is to 0, the more equal the AED distribution.



Therefore, the Gini coefficient can be expressed as the ratio of the area A to the area A + B (Figure 4):


Gini = A/(A + B)



(1)








2.3.3. Optimal Parameters-Based Geographical Detector (OPGD) Model


This study used the OPGD model to quantify and compare the influencing factors of AED equity in Guangzhou and Shenzhen. The OPGD model is an optimized version of the geographical detector model [36]. Compared with various types of regression models, the original geographical detector model has the advantage of quantifying the interactive influence between factors on dependent variables [37]. In addition, since the geographical detector model belongs to the nonlinear model, it can avoid multicollinearity in essence. However, the modifiable areal unit problem (MAUP) is a problem faced by the geographical detector model [38]. That is, different combinations of discretization methods and the number of intervals in factor data can affect model results [39]. It is inefficient and time-consuming to solve MAUP when traditional geographical detector model is used for modeling.



The improved version, OPGD model, is developed based on R, with automatic integration of optimal discretization methods and the number of intervals to output optimal model results [36]. Compared with the traditional version, the automatic filter discretization combination and the ability to resolve MAUP are added [40]. Consistent with the traditional version, the OPGD model has four sub-models where factor detectors and interactive detectors were used in this study. The factor detector can be calculated as follows:


  q = 1 −     ∑  h = 1   L      N   h     σ   h   2         N     σ   2        



(2)




where N refers to the N units of the study, which is stratified into h =1, 2, …, L stratum; and stratum h consists of     N   h     units;     σ   2     and     σ   h   2     refer to the global variance of the AED equity in the study area and the variance of the AED equity in the sub-areas; the individual effect of each variable can be expressed by the q value, ranging from 0 to 1.



In addition, the interaction detector was adopted to quantify the interactive effects between determinants on AED equity. It can identify if a pair of factors enhance or weaken by comparing their interactive q value and each individual q value of theirs, then classify the interactions into categories as follows:


     N o n l i n e a r − e n h a n c e :     q   A ∩ B   >   q   A   + q   B         Independent :   q   A ∩ B   =   q   A   + q   B         Bi-enhance :   M a x   q   A   ,   q   B     < q   A ∩ B   <   q   A   + q   B         Uni-enhance / weaken :   M i n   q   A   ,   q   B     < q   A ∩ B   < M a x   q   A   ,   q   B         N o n l i n e a r − w e a k e n :     q   A ∩ B   < M i n   q   A   ,   q   B         



(3)









2.4. Potential Determinant Selection


This study further identified and quantified the determinants affecting the spatial distribution of AED equity in Guangzhou and Shenzhen using the OPGD model. Based on the AED-related literature [4,7,8,9,10,13] and characteristics of the study area, we selected potential determinants from six aspects (Figure 5): local economic level, population density, proportion of elderly people, mobility, company density, and residential density.



In terms of variable selection, we choose per capita GDP as a variable, representing the level of local economic development. The placement of AED facilities requires a large amount of government financial funds, but the difference in local funding budgets may directly affect the number and distribution of local AED facilities. Second, company and residential density were selected as variables to represent the two most fundamental functions of the city [39]. Whether it is employment-oriented blocks or residence-oriented blocks, there will be high-density population and mobility with different characteristics. Thirdly, in terms of population, we choose two indicators: population density and population mobility, which represent the static (quantity) and dynamic (mobility) characteristics of the population, respectively. Setting up AEDs not only needs to consider areas with high population density, but also needs to pay attention to public spaces with high mobility. Fourthly, considering the aging population in Guangzhou, we chose the proportion of the elderly as a variable, because the elderly are one of the groups prone to OHCA [3,41]. At this stage, based on the prior understanding of the two cities, we preliminarily assumed that the population density and mobility of the two cities have a positive impact on the equity of AED, as does the density of employment and housing. In addition, the impact of regional economic level and proportion of elderly people on AED equity in the two cities may be different.



In terms of data acquisition, the local economic level was expressed by block scale per capita GDP, which, together with population density and proportion of elderly people, were derived from the latest block statistical data provided by the government in December 2022. The company density and residential density were expressed by calculating the POI density of the company and residential community, which was obtained via Baidu Map API in December 2022. Population mobility is calculated based on cell phone signal data at the base station level, which was provided by the local operators with the largest market share [40,42,43]. The population mobility of a block is equal to the difference between the average maximum and average minimum population of all the base stations in the block (Figure 6). The statistics of the six determinants are listed in Table 1.





3. Results and Discussion


3.1. The Number and Distribution of AEDs


Figure 7 shows the spatial distribution of AED facilities in Guangzhou and Shenzhen. We have overlaid the locations of AED points and the density map, and the number of AED facilities in Shenzhen was much higher than that in Guangzhou. In terms of number, the number of AEDs in Shenzhen was about eight-times that in Guangzhou. From the perspective of spatial distribution, AEDs were densely distributed in the downtown area of the two cities. However, the distribution density of AEDs in Shenzhen was generally higher than that in Guangzhou, and the density map of Guangzhou shows that there was still insufficient coverage of AEDs in some areas.




3.2. The Equity of AEDs


Figure 8 shows the spatial distribution of block-scale population and number of AEDs in Guangzhou and Shenzhen, as well as the Lorenz curve for the two cities. From the distribution consistency of the number of the population and the number of AEDs, the distribution of the two tended to be more consistent in Shenzhen. Correspondingly, the overall AED distribution in Shenzhen was more equitable with the Gini coefficient of 0.347, while that in Guangzhou was 0.504. The x-axis is the cumulative percentage of the population, and the y-axis is the cumulative percentage of the AEDs. As can be seen in Figure 8, 60% of the city’s AEDs served up to 90% of the total population in Guangzhou, while only serving 81% of the total population in Shenzhen. Compared with Guangzhou, the supply and demand relationship of AED facilities in Shenzhen was more balanced.



Figure 9 shows the AED equity at the block level, which is the Gini coefficient calculated based on the population and the AED distribution density. The spatial distribution of block-scale AED equity in Guangzhou shows an obvious single-center structure. The distribution of AEDs in the whole area of Yuexiu District, the west of Tianhe District, the northwest of Haizhu District, the northeast of Liwan District, and the south of Baiyun District of Guangzhou was relatively equitable, while the distribution in the periphery was relatively inequitable. The distribution of AEDs in Futian District, the west of Luohu District, and the south of Nanshan District was more equitable than that in Baoan District in the north of Shenzhen and Yantian District and Longgang District in the east of Shenzhen. The spatial distribution of AED equity in Guangzhou and Shenzhen reflects the difference in the association between the layout and planning of emergency medical facilities and socio-economic factors in the two cities. This calls for a determinant analysis to quantify the influencing factors on AED equity for future planning and management.




3.3. Optimal Discretization of Variables


Figure 10 and Figure 11 present the spatial distribution of the selected potential determinants of AED equity in Guangzhou and Shenzhen. The optimal discretization of variables for addressing the MAUP in modeling are shown in Figure 12 and Figure 13, including the determination of the optimal discretization method and the number of intervals.



Results of nine combinations of three discretization methods (quantile, natural, and equal) and three interval numbers (4–6) were compared, and the combination with the highest q value was output as the optimal discretization. The optimal discretization for each variable in Guangzhou and Shenzhen are listed in Table 2. It hints that the optimal discretization results of variables were associated with the data distribution and the consistency of the spatial pattern with the AED equity, rather than the absolute q value.




3.4. Determinants of AED Equity Using the OPGD Model


The scatter plots of AED equity and selected determinants in Guangzhou and Shenzhen are presented in Figure 14, which indicate the correlation relationships. Six selected variables were found to be significantly and positively associated with AED equity. Among the variables in the Guangzhou case, LIVE_DEN was the variable with the highest Pearson’s R (0.869), followed by POP_DEN (0.825), WORK_DEN (0.788), GDP (0.768), MOBILITY (0.727), and OLD_RATIO (0.698). In the Shenzhen case, LIVE_DEN was also the variable with the highest Pearson’s R (0.844), followed by GDP (0.842), WORK_DEN (0.821), MOBILITY (0.7), OLD_RATIO (0.525), and POP_DEN (0.427).



The individual effects of each determinant on AED equity in Guangzhou and Shenzhen (results of factor detector) are shown in Figure 15. The effects of the six determinants selected for AED equity in Guangzhou and Shenzhen were significant with p < 0.001, indicating that the introduction of the OPGD model in AED equity analysis is feasible.



3.4.1. Individual Effect of Each Determinant on AED Equity


In general, the average explanatory power of determinants for AED equity in Guangzhou (average q value = 0.73) was higher than that in Shenzhen (average q value = 0.61). According to the geographical detector model, determinants explained 73% of the variance of AED equity distribution in Guangzhou on average, which was 19.7% higher than that in Shenzhen. In the Guangzhou case, LIVE_DEN was the determinant with the highest q value (0.876), followed by POP_DEN (0.805), WORK_DEN (0.789), GDP (0.724), MOBILITY (0.698), and OLD_RATIO (0.483). In the Shenzhen case, LIVE_DEN was also the determinant with the highest q value (0.801), followed by GDP (0.764), WORK_DEN (0.629), POP_DEN (0.625), MOBILITY (0.556), and OLD_RATIO (0.282). Among these variables, LIVE_DEN, POP_DEN, and WORK_DEN were above average in Guangzhou, and LIVE_DEN, GDP, and WORK_DEN were above average in Shenzhen, which illustrates that these were the major determinants of AED equity in Guangzhou and Shenzhen from the perspective of individual effect.



In the model results, LIVE_DEN and GDP reflect the universality of the two cities. These two variables are not only the top two variables with q values in the two models of Guangzhou and Shenzhen, but also the two variables with the closest q values in the two models. The other four variables reflect individuality in the impact on AED equity. These differences indicate that this factor plays a different role in AED equity in the two cities.



Among the variables, LIVE_DEN and WORK_DEN reflect the two most central functions of cities: housing and employment [38,44]. The daily behaviors and activities of residents are mainly job–residence behaviors [38,45,46]. Therefore, employment centers such as Zhujiang New Town, Guangzhou and Huaqiangbei, Shenzhen and residential centers such as Yuexiu District, Guangzhou and Luohu District, Shenzhen usually have higher population density and activity frequency, which will increase the possibility of emergencies. To provide better emergency services, AED facilities are more densely located in these areas [9,10,13]. In terms of LIVE_DEN, the density of residence community was the most essential determinant with the strongest explanatory power, explaining 87.6% and 80.1% of the variance of AED equity in Guangzhou and Shenzhen, respectively. Residence community is the most common and standardized urban residential agglomeration area at present, and it is the focus of consideration in the location planning of AED facilities. The reason why LIVE_DEN had a higher explanatory power than POP_DEN is that, especially in megacities such as Guangzhou and Shenzhen, not all the population lives in residence communities, and quite a part of the population lives in informal residential areas, such as urban villages in the center and industrial villages in the outer suburbs [47,48]. In the planning stage of AED facilities, most will give priority to residential areas in the center of the city where the population is concentrated. AED facility planning usually gives priority to residential areas in urban centers with a high concentration of residents [2,9,10,26]. In terms of WORK_DEN, the density of companies was the determinant with the second or third highest explanatory power ranking after LIVE_DEN, explaining 78.9% and 62.9% of the variance of AED equity in Guangzhou and Shenzhen, respectively. However, the impact mechanism of WORK_DEN on AED equity is different from that of LIVE_DEN. First, the business and office areas are more likely to have emergency needs due to the intensive nature of work activities [14,49]. Second, regional regulations require that AED facilities should be deployed in business areas to ensure rapid first aid services in the event of an emergency. In addition, some companies proactively deploy AED facilities to provide for the safety of employees and customers. Moreover, unlike residential areas, business areas typically face more diverse emergencies such as cardiac arrest, accident injury, and sudden illness. Therefore, the employment centers are distributed with a demand-matched supply of AED facilities (a high level of AED equity) to meet the high frequency and diverse emergency needs of occupational activities to ensure timely emergency assistance in the event of an emergency incident.



In terms of mobility, its influence on AED equity in Guangzhou was 25.5% higher than that in Shenzhen. This may be caused by the difference between Shenzhen’s multi-center urban structure and Guangzhou’s single-core urban structure [38,46]. Compared with traditional single-center cities, the development of Shenzhen pays more attention to multi-centralization, that is, several commercial, administrative, and cultural centers have been formed in the city, such as Futian Center, Nanshan Center, and Luohu Center. Specifically, the single core of Guangzhou is mainly distributed within a radius of 10 km, centered by Zhujiang New Town in Tianhe District, while the polycentric spatial distance of Shenzhen is greater than 20 km [40,46]. This kind of multi-center urban structure makes the economic and social activities of Shenzhen relatively dispersed in different areas; people can live, work, have entertainment and other aspects of more convenient activities in the region, reducing the demand for the central area. Therefore, the mobility of the population in different areas of Shenzhen may be more balanced, and there is no obvious “peak time” or “trough time” as in traditional single-center cities. In short, the spatial distribution of population, employment, and residence in Shenzhen is more even than in Guangzhou. That is, the demand side of AED facilities is distributed more evenly and dispersed in Shenzhen, while it is more concentrated in Guangzhou. This shows the impact of urban spatial structure on the supply and demand relationship of public service facilities and emergency medical facilities, that is, equity.



In terms of POP_DEN, its explanatory power reached 0.805 in Guangzhou, 28.8% higher than that in Shenzhen. It indicates that the current spatial pattern of AED equity is highly consistent with the local population density in Guangzhou. In fact, Shenzhen was higher than Guangzhou in terms of the number and distribution density of AEDs. This difference was due to the different stages of development of AED facilities in the two cities. First, Shenzhen is the first city in China to fully promote the installation of AED facilities, and so far, it is still leading the country. When AED facilities are set up from scratch, areas with high population density are often prioritized [10,13], and Guangzhou is currently in this stage. However, Shenzhen is now in the stage of further optimizing the allocation of AED resources, paying more attention to the uniform distribution of AED facilities in different areas to meet the city-wide emergency needs. Therefore, despite the high population density in Shenzhen, the optimal allocation of AEDs may make the distribution of AED facilities more balanced and reduce the influence of POP_DEN on AED equity.



In terms of OLD_RATIO, it was the determinant with the maximum difference in explanatory power between Guangzhou and Shenzhen, indicating the remarkable variation in the population structure characteristic of the two cities. The explanatory power of OLD_RATIO in Guangzhou was 71.3% higher than that in Shenzhen. As mentioned in Table 1, the proportion of the elderly was 6.5% and 2.4% in Guangzhou and Shenzhen, respectively. Guangzhou has a more serious aging population than Shenzhen [41], and older people often have higher health risks, including potential heart disease and other diseases [3]. To better protect the health of the elderly and cope with the emergencies of the elderly, more AED facilities need to be set up in the streets with a high degree of aging. Therefore, Guangzhou may pay more attention to the health and welfare of the elderly and formulate relevant policies to support health services for the elderly. The distribution of AED facilities may be influenced by policy inclination for those blocks with a higher aging rate to meet the emergency needs of the elderly.



In terms of GDP, it was the only determinant with stronger explanatory power on AED equity in Shenzhen than that in Guangzhou. It hints that Shenzhen, as a special zone and economic center in China, has a high level of economic development and resource investment, which may enable Shenzhen to invest more resources in the construction and layout of AED facilities and improve the number and density of AED facilities. In contrast, Guangzhou may invest relatively little resources in the construction of AED facilities, resulting in a relatively low number and density of AED facilities. Moreover, according to news reports, Shenzhen has a considerable number of AED facilities donated by local enterprises or businessmen and are deployed in local public places, which are often located in the blocks with higher local economic level.




3.4.2. Interactive Effect of Determinant Pairs on AED Equity


Figure 16 and Table 3 present the results of the interaction detector. The average joint q value of determinant pairs reached 0.878 and 0.807 in Guangzhou and Shenzhen, 20.3% and 32.2% higher than the average individual q values, which indicates that the results of the interaction detector model had stronger explanatory power than that of the factor detector model. In both the Guangzhou and Shenzhen cases, the interactive effects of 15 pairs of determinants on AED equity were found to be bivariate enhanced, which hints that the interactive effects between each pair of determinants was remarkably stronger than the individual effect of each determinant.



Results of the interaction detector model can be interpreted from two perspectives: the joint q values of determinant pairs and the variations of the joint q values compared with the individual q values of each determinant (Table 3). The joint q value indicates the interactive effect of a pair of determinants on AED equity, and the variation reflects the difference between the joint q value and individual q value when one determinant interacts with another determinant. In the results of this study, all variations were manifested as enhancements. To better understand the interaction between determinants affecting AED equity, the scatter plots between the determinants are presented in Figure 17.



The top three pairs of determinants were associated with LIVE_DEN in Guangzhou. The joint q value of WORK_DEN and LIVE_DEN was the highest, reaching 0.922, which indicates that these two determinants interactively explained 92.2% of the variance in AED equity in Guangzhou. This implies that the layout of the few AED facilities in Guangzhou is not as uniform as Shenzhen and can only tend to be set in the centers of the districts and blocks. In Guangzhou, there is a significant positive correlation between the density of residential quarters and the density of companies in each block (Figure 17A). The city center and the local centers are the areas that meet high levels of LIVE_DEN, WORK_DEN, and MOBILITY at the same time. This also shows once again that the layout of AED facilities in Guangzhou is still in its preliminary stage.



Uniquely, the interaction between OLD_RATIO and LIVE_DEN ranked second in Guangzhou, while OLD_RATIO did not appear in the top five rankings in Shenzhen. The enhancement of the interaction between OLD_RATIO and LIVE_DEN compared with the individual q value of OLD_RATIO was the strongest (+87.04%) in this study. That is, high-aging blocks explained only 48.3% of the AED equity, while high-aging and dense residential blocks explained 90.3% of the variance in AED equity distribution. It indicates that in addition to the city center, the residential areas with a higher aging population are areas where the supply and demand of AED facilities are more balanced, that is, more equitable.



Differently, the top three pairs of determinants were associated with GDP in Shenzhen with an average joint q value of 0.867, which reflects that the distribution pattern of AED facilities in Shenzhen was highly linked to the level of local economic development. The interaction between GDP and LIVE_DEN was the highest with a joint q value of 0.894, which indicates that these two determinants interactively explained 89.4% of the variance in AED equity in Shenzhen. GDP and LIVE_DEN were also the determinants with the top two individual q values in Shenzhen. It reflects that based on high local economic level, high-density residential areas, densely populated areas, and areas with strong mobility are where, AED distribution was relatively equitable in Shenzhen. The enhancements of GDP∩POP_DEN and GDP∩MOBILITY compared with GDP (+51.96%) and MOBILITY (+52.42%), respectively, were the highest, above 50% in Shenzhen, which illustrates the importance of local economic development and population density as well as mobility on AED equity.





3.5. Implications


There was a huge gap in the number, equity, and its determinants of AEDs in Guangzhou and Shenzhen. Because of the sheer preponderance of quantity, Shenzhen was better than Guangzhou in the number, distribution density, and overall and local equity of AEDs. The results of the OPGD model reflect that Guangzhou and Shenzhen had significant differences in the implementation of the promotion of AED facilities. Guangzhou was still in the preliminary planning and layout stage from scratch, while Shenzhen was already in the optimization and densifying layout stage. AED is a public emergency medical facility, which is costly and in urgent need. In recent years, major cities in China have successively set up AED facilities and gradually expanded the coverage. When AEDs begin to be deployed in a city, it is usually dominated by the local municipal government, and the first batch of devices are mostly deployed in densely populated residential areas. When the AED configuration work has been carried out for a period, the subsequent AED facility planning, that is, the gradual optimization stage, is often delegated to the local block government and enterprises. Currently, because the initiative of AED facility planning belongs to the local government, the block with a high economic development level provides more taxes, so there is a more generous financial budget for investing in the construction and improvement of local infrastructure, which includes AEDs. In addition, some local merchants, chambers of commerce, and enterprises will improve their social reputation by donating AED equipment. Therefore, the strong explanatory power of local economic development level on AED equity in Shenzhen is a significant feature that distinguishes Guangzhou.



Theoretically, this study provides a scientific and technical framework for the evaluation of service level and equity of urban AED facilities and its influencing factors, which is conducive to the planning and management of other urban public service facilities other than medical facilities. The results of this study are conducive to understanding the equity of the current AED facility layout and its socio-economic influencing factors through the case study of two megacities in China, to provide implications for relevant policies and management. First, for cities with AED facilities from scratch to existence, the first batch of equipment should focus on areas with high residential density, population density, and employment density. The reasonable number of AEDs in public places can be determined according to the principle of allocating 100 to 200 AEDs per 100,000 people [4]. In addition, this study suggests that governments should reform the mechanism from planning to implementation of AED facilities and should gradually try to devolve such planning and implementation to local governments to introduce more subjects of planning, implementation, investment, management, and other links besides the government. Secondly, encouraging the local government to increase the number of AEDs according to the actual situation and encouraging enterprises and individuals to donate to relevant institutions (such as the local Red Cross Society) to support the development of first aid are important measures to improve the level of AED allocation and application.



OHCA cases are the rescue objects of AED facilities, and the lack of application of OHCA case data is an urgent problem to be solved in the future of this study. The next phase of work will revolve around AED configuration studies based on OHCA data. First, based on OHCA case data, it is possible to assess the potential needs of an area and then decide how many AEDs to deploy. This enables better coverage, response, and handling of OHCA events. Second, case data can reflect the relationship between response time and successful resuscitation rates. By analyzing OHCA case data, it is possible to find high incidence locations and time periods, so that emergency response and training can be strengthened in these areas and time periods to improve the success rate of first aid. Third, through continuous monitoring of OHCA case data, the effectiveness and impact of AED facilities can be assessed and the layout and arrangement can be adjusted in a timely manner. This helps to provide more timely and effective emergency services and reduce death and disability from cardiac arrest.



According to the correlation difference between AED equity and various factors obtained by this research model, AED facilities can be further optimized and planned in the future from the perspective of equity. First, optimize the location of AED facilities. Based on the model results of this study, determine which factors are highly correlated with the demand for AED facilities. For example, if population density is positively correlated with demand for AED facilities, we can prioritize placing facilities in densely populated areas. In this way, the location of AED facilities can be optimized to better meet the needs of the population. Second, fill in the gaps. The results of this study may indicate a gap in AED facilities in some areas. In this case, these blank areas can be considered as priority areas to fill the gaps in the layout of the facility. Proposals can be made to build new AED facilities in these areas or to adapt existing facilities. Third, consider population mobility and transport networks. Population mobility and transportation networks are important factors in determining the accessibility of AED facilities. Based on the results of this study, it is possible to determine which factors are related to population mobility and transportation networks. Although no traffic-related variables were included in this study, this will be addressed in future work. These factors can include public transport coverage, road network density, etc. By considering these factors, recommendations can be made to improve the accessibility of AED facilities based on transportation convenience to ensure that people can reach the facilities as soon as possible in an emergency. Fourth, consider the community economic level and the proportion of the elderly. The results of this study may indicate that the economic level of the community and the proportion of the elderly are related to the demand for AED facilities. These factors can be considered when planning or optimizing AED facilities, and recommendations can be made based on community characteristics and needs. For example, in economically underdeveloped places where elderly people congregate, build more AED facilities or increase facility capacity to meet demand. Fifth, evaluate and update regularly. The needs and demographics of AED facilities change over time, so it is necessary to regularly evaluate and update facility planning and optimization. As the population changes and social development evolves, the layout of facilities may need to be adjusted and optimized accordingly.





4. Conclusions


The contribution of this study to the relevant literature is to simultaneously measure the equity of AED facilities in two megacities by means of big data and quantify the determinants of equity to make a comprehensive comparative analysis. This study collected relatively comprehensive AED data based on the WeChat applet and evaluated the differences in AED facilities in Guangzhou and Shenzhen on the aspects of quantity, distribution, equity, and its determinants by using the Gini coefficient, Lorenz curve, and the OPGD model. Results show that the number of AEDs in Shenzhen was about eight-times that in Guangzhou. The distribution of AEDs in Shenzhen was more equitable with a global Gini of 0.347, higher than that in Guangzhou with a global Gini of 0.504. As for the determinants of AED equity, residential density was the most significant determinant in both Guangzhou and Shenzhen from the perspective of individual effect on AED equity. Differently, due to the aging population in Guangzhou, the proportion of the elderly in blocks was influential to local AED equity. While, the local economic development level was crucial to local AED equity in Shenzhen. The results of the interaction detector model illustrate that relatively equitable AED distributions were found in the high-density residential areas with a balance of employment and housing, high-aging residential areas, and high-mobility residential areas in Guangzhou. The area with a high level of local economic development, dense population, and large mobility was the area with relatively equitable distribution of AEDs in Shenzhen. The results of this paper are conducive to understanding the equity of AEDs and its socio-economic determinants, providing scientific reference for the optimization and management of AEDs.



Despite the advantages of this study, some aspects need to be addressed in the future. First, we only analyzed the AED equity in the whole society in Guangzhou and Shenzhen and did not involve the equity in different social groups, which should be expanded in the future. Secondly, OHCA case data should be considered to accurately evaluate the social coverage of the distribution of AED facilities in the future. Third, though the spatial distribution of AED equity at block level was uncovered in this study, the spatially varying associations between influencing factors and AED equity should be considered in future work by using the geographical weighted regression [50,51,52].
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Figure 1. Study areas. 
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Figure 2. The acquisition of AED data. 
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Figure 3. The workflow of the study. 
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Figure 4. Illustrative diagram of the Gini coefficient and Lorenz curve. 






Figure 4. Illustrative diagram of the Gini coefficient and Lorenz curve.



[image: Ijgi 12 00444 g004]







[image: Ijgi 12 00444 g005] 





Figure 5. Potential determinants of AED equity. 
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Figure 6. Illustrative diagram of the variable of population mobility based on mobile phone data. 
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Figure 7. Spatial distribution of AEDs and its density. 
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Figure 8. Distribution of population (A,D) and AEDs (B,E) and the Gini coefficients (C,F) at city level. 
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Figure 9. Distribution of the AED equity at block level based on 200 m grid. 






Figure 9. Distribution of the AED equity at block level based on 200 m grid.



[image: Ijgi 12 00444 g009]







[image: Ijgi 12 00444 g010] 





Figure 10. Spatial distribution of determinants in Guangzhou, including GDP (A), POP_DEN (B), OLD_RATIO (C), MOBILITY (D), WORK_DEN (E), LIVE_DEN (F). 
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Figure 11. Spatial distribution of determinants in Shenzhen, including GDP (A), POP_DEN (B), OLD_RATIO (C), MOBILITY (D), WORK_DEN (E), LIVE_DEN (F). 
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Figure 12. Optimal discretization of determinants in Guangzhou: discretization methods (A) and number of intervals (B). 
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Figure 13. Optimal discretization of determinants in Shenzhen: discretization methods (A) and number of intervals (B). 
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Figure 14. Scatter plots of AED equity and selected determinants including GDP (A,G), POP_DEN (B,H), OLD_RATIO (C,I), MOBILITY (D,J), WORK_DEN (E,K), LIVE_DEN (F,L). 
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Figure 15. Results of factor detector model in Guangzhou and Shenzhen (individual effect of each factor on AED equity). (*** indicates significance at the level of p-value < 0.001). 
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[image: Ijgi 12 00444 g015]







[image: Ijgi 12 00444 g016] 





Figure 16. Results of the interaction detector model in Guangzhou (A) and Shenzhen (B) (interactive effects of factor pairs on AED equity). 






Figure 16. Results of the interaction detector model in Guangzhou (A) and Shenzhen (B) (interactive effects of factor pairs on AED equity).
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Figure 17. Scatter plots between determinants in Guangzhou (A) and Shenzhen (B). #1-5 are the scatter plots of the top five pairs of determinants in the interaction detector model. (** and * indicate significance at the level of p-value < 0.01 and p-value < 0.05). 
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Table 1. Variable statistics.






Table 1. Variable statistics.





	
City

	
Variable

	
Abbreviation

	
Max

	
Mean

	
SD






	
Guangzhou

	
Local GDP per capita

	
GDP

	
115,410

	
33,197

	
23,027




	
Population density

	
POP_DEN

	
18.907

	
3.623

	
3.701




	
The proportion of the elderly

	
OLD_RATIO

	
0.165

	
0.065

	
0.037




	
Local average mobility

	
MOBILITY

	
205.294

	
102.468

	
37.117




	
Company density

	
WORK_DEN

	
784.600

	
144.867

	
167.532




	
Residential density

	
LIVE_DEN

	
111.305

	
21.063

	
26.532




	
Shenzhen

	
Local GDP per capita

	
GDP

	
122,567

	
35,999

	
24,401




	
Population density

	
POP_DEN

	
30.215

	
3.658

	
4.551




	
The proportion of the elderly

	
OLD_RATIO

	
0.047

	
0.024

	
0.010




	
Local average mobility

	
MOBILITY

	
219.023

	
112.293

	
35.303




	
Company density

	
WORK_DEN

	
571.816

	
121.740

	
124.890




	
Residential density

	
LIVE_DEN

	
849.271

	
14.642

	
15.852











 





Table 2. Optimal discretization of each determinant.






Table 2. Optimal discretization of each determinant.





	
City

	
Variable

	
Discretization Method

	
No. of Intervals






	
Guangzhou

	
GDP

	
Quantile

	
4




	
POP_DEN

	
Quantile

	
6




	
OLD_RATIO

	
Natural

	
4




	
MOBILITY

	
Natural

	
6




	
WORK_DEN

	
Natural

	
4




	
LIVE_DEN

	
Quantile

	
5




	
Shenzhen

	
GDP

	
Natural

	
5




	
POP_DEN

	
Natural

	
6




	
OLD_RATIO

	
Equal

	
6




	
MOBILITY

	
Natural

	
6




	
WORK_DEN

	
Natural

	
6




	
LIVE_DEN

	
Quantile

	
5











 





Table 3. Top five pairs of determinants with high interactive explanatory power.






Table 3. Top five pairs of determinants with high interactive explanatory power.





	
City

	
Rank

	
      X   i      

	
      X   j      

	
Joint

q Value

   (   X   i        ∩   X   j     )

	
Variation

Compared

with      X   i     

	
Variation

Compared

with      X   j     






	
GZ

	
1

	
WORK_DEN

	
LIVE_DEN

	
0.922

	
16.86%

	
5.25%




	
2

	
OLD_RATIO

	
LIVE_DEN

	
0.903

	
87.04%

	
3.13%




	
3

	
MOBILITY

	
LIVE_DEN

	
0.901

	
29.06%

	
2.83%




	
4

	
MOBILITY

	
WORK_DEN

	
0.900

	
28.87%

	
14.01%




	
5

	
GDP

	
LIVE_DEN

	
0.898

	
24.07%

	
2.54%




	
SZ

	
1

	
GDP

	
LIVE_DEN

	
0.894

	
34.59%

	
5.02%




	
2

	
GDP

	
POP_DEN

	
0.861

	
51.96%

	
5.48%




	
3

	
GDP

	
MOBILITY

	
0.847

	
10.92%

	
52.42%




	
4

	
MOBILITY

	
LIVE_DEN

	
0.845

	
12.69%

	
37.75%




	
5

	
POP_DEN

	
LIVE_DEN

	
0.841

	
17.07%

	
11.66%
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