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A B S T R A C T   

A key step to the establishment of a tiered healthcare system is equitable access to basic primary healthcare 
services for all. However, no quantitative research on the national status quo of primary healthcare accessibility 
in China exists. We filled this gap by estimating spatial accessibility to primary healthcare centers (PHCs) and 
mapping its inequality across the mainland China. Four national datasets during 2015–2018, including admin-
istrative boundaries, residential communities, points-of-interest (including PHCs), and road networks, were 
collected to calculate the distance to the nearest PHC for each community. Five other national datasets including 
census, elevation, land use, vegetation, and nightlight, were collected to model 100m × 100 m population grids, 
based on which geographical modeling was used to calculate PHC accessibility of each community. Inequalities 
in PHC accessibility across China were described with concentration indices. About 44% of communities across 
China representing approximately 30% of the overall population had no access to PHCs within their 6-km 
catchment areas; about 78% of communities across China representing approximately 68.4% of the overall 
population had no access to PHCs within their 1.5-km catchment areas. Some municipalities/provinces like 
Shanghai, Beijing, Tianjin, Jiangsu, Shandong, and Zhejiang generally had higher proximity to the nearest PHCs, 
while others like Tibet, Guizhou, and Guangxi had lower proximity to the nearest PHCs. However, assuming 
similar basic service capacity across all PHCs, Shanghai, Tianjin, and Chongqing showed the lowest PHC 
accessibility due to high population density. Variations in PHC accessibility existed, with more inequalities 

* Corresponding author. School of Resource and Environmental Sciences, Wuhan University, Wuhan, Hubei, China. 
** Corresponding author. National Health Commission of the People’s Republic of China, Beijing, China 
*** Corresponding author. West China School of Public Health and West China Fourth Hospital Sichuan University, Chengdu, Sichuan, China. 
**** Corresponding author. West China School of Public Health and West China Fourth Hospital, Sichuan University, Chengdu, Sichuan, China. 
***** Corresponding author. West China Hospital, Sichuan University, Chengdu, Sichuan, China. 

E-mail addresses: jiapengff@hotmail.com (P. Jia), antiaids@163.com (X. Ma), zhaoli@scu.edu.cn (L. Zhao), weimi003@scu.edu.cn (W. Li).  

Contents lists available at ScienceDirect 

Social Science & Medicine 

journal homepage: www.elsevier.com/locate/socscimed 

https://doi.org/10.1016/j.socscimed.2022.115458 
Received 29 August 2020; Received in revised form 15 July 2022; Accepted 11 October 2022   

mailto:jiapengff@hotmail.com
mailto:antiaids@163.com
mailto:zhaoli@scu.edu.cn
mailto:weimi003@scu.edu.cn
www.sciencedirect.com/science/journal/02779536
https://www.elsevier.com/locate/socscimed
https://doi.org/10.1016/j.socscimed.2022.115458
https://doi.org/10.1016/j.socscimed.2022.115458
https://doi.org/10.1016/j.socscimed.2022.115458
http://crossmark.crossref.org/dialog/?doi=10.1016/j.socscimed.2022.115458&domain=pdf


Social Science & Medicine 314 (2022) 115458

2

observed in the north and northeastern provinces and less inequalities in southwestern and south-central 
provinces. This study demonstrates primary healthcare accessibility and inequality at province and city levels, 
and identifies communities with lower proximity and accessibility to PHCs in China. It would serve as a starting 
point to facilitate precise healthcare planning and preparedness for health emergencies in China.   

1. Introduction 

The primary healthcare system (PHS) in China provides general 
clinical care and basic public health services (). Primary healthcare 
centers (PHCs) in urban areas consist of community health centers and 
community health stations that function as satellite sites of community 
health centers; PHCs in rural areas consist of township health centers 
and village clinics that are also one level below township health centers 
and operate more independently (Li et al., 2017). As lifestyle factors and 
disease patterns in China shift toward an increasing burden of 
non-communicable chronic diseases (NCDs), which account for about 
85% of total deaths, the PHS is playing an increasingly vital role in 
disease prevention and health promotion. The Chinese government has 
also increased its subsidies to PHCs from US$2.8 billion in 2008 to $20.3 
billion in 2015 (Li et al., 2017). 

In 2009, China unveiled its ambitious healthcare reform plan to 
provide affordable and equitable primary healthcare services for all by 
2020 (Chen, 2009). The reform is anchored in five interdependent areas: 
1) providing health insurance coverage for more than 90% of Chinese 
people; 2) establishing a national essential drug system ensuring safety, 
quality, and supply; 3) improving the PHS; 4) promoting basic public 
health services; and 5) launching public hospital reforms. “China’s 
healthcare reform will be regarded as successful when a tiered health-
care delivery system is fully achieved”, according to the China’s Na-
tional Health Commission (). A key of the tiered healthcare delivery 
system is good functioning of PHS, and poor access to PHCs is a major 
barrier to improved healthcare and overall development (Li et al., 2017; 
Jia et al., 2017; Weiss et al., 2018). Therefore, a cost-effective healthcare 
reform will not be realized if basic primary healthcare services are not 
fully utilized and inequalities in primary healthcare access are not 
reduced (Yuan et al., 2019). A better utilization of PHCs can reduce 
workload in overcrowded hospitals, maintain revenue at these grass-
roots health facilities, and also keep doctors there skillful and equipment 
operational (Jia et al., 2015). Moreover, local hospitalization, i.e., when 
patients choose primary healthcare services from a nearby PHC, can 
reduce costs related to longer travel distances for hospitalization, 
improve the doctor-patient relationship, aid in establishing and main-
taining better health records for all, facilitate analyses of local health-
care markets and resource allocation, and improve the overall quality of 
healthcare services (Jia et al., 2017). 

In particular, PHCs in China, unexpectedly, have been playing an 
unprecedentedly critical role in curbing the transmission of the coro-
navirus disease 2019 (COVID-19) in China since its emergence in 
December 2019. A varying percentage of PHCs (51% of 3562 partici-
pating PHCs, according to a nationwide online survey of PHCs in 
February 2020) in each province of China has been converted into fever 
clinics, so most if not all suspected cases who had presented mild 
symptoms could visit their nearby fever clinics and been tested at the 
first moment possible (; ; Zhang et al., 2020; Cao et al., 2020). This has 
greatly reduced the risk for infecting others or being infected on the way 
to hospitals, and also effectively avoided nosocomial infection. Outside 
China, one of the most successful cases is the national Public Health 
Preparedness Clinic (PHPC) system in Singapore, a nationwide PHS with 
one PHC per square km on average which has been converted into a 
fever sentinel surveillance system in a short term after the COVID-19 
outbreak, in order to enhance Singapore’s capacity of rapidly detect-
ing, diagnosing, reporting, and responding to COVID-19; it can also be 
converted into a sentinel surveillance system for other emerging infec-
tious diseases, as well as into a sentinel surveillance system for 

respiratory patients during hazy days. 
In the past four decades, a top-down (or centralized) approach has 

been mainly used in Chinese healthcare reform efforts to improve the 
healthcare system and hospital infrastructure and the provision of 
healthcare services. A bottom-up (decentralized) approach, such as 
delineation of hospital service areas, has been more widely used in 
western countries (Jia et al., 2017; (Jia et al., 2017); Center for Evalu-
ative Clinical Sciences, 1999; Klauss et al., 2005). From a bottom-up 
perspective, the first criterion for improving basic primary healthcare 
access is to measure spatial access to PHCs. With sufficient physical 
access, catchment areas of PHCs could be delineated to bound behaviors 
of nearby residents. Based upon the defined catchment areas, more 
attention could be paid to improve the infrastructure of PHCs within 
each catchment area on the hospital side, while managing to improve 
the actual access of local residents to these services in other, multiple 
aspects (e.g., medical insurance coverage (Newhouse and Garber, 2013), 
drug and healthcare spending (Zhang et al., 2010a, 2012), quality of 
prescription (Zhang et al., 2010b), satisfaction of patients (Jha et al., 
2008)). These efforts could eventually equalize PHC utilization across 
regions. 

Despite the importance of PHCs in China and China’s recent reforms, 
there is a knowledge gap in the national status quo of spatial access to the 
Chinese PHCs (). Most research separately involves work done by 
healthcare policy and management researchers and that of health ge-
ographers limiting the relevance of both methods and data interpreta-
tion to each discipline respectively. Studies on policy have mainly 
focused on non-spatial access to and affordability of primary healthcare 
(; Li and Yu, 2011; Liu et al., 2018; Wang et al., 2011). One example is a 
recent review that assessed the Chinese PHS in terms of structural 
characteristics, incentives and financing policies, and quality of care (Li 
et al., 2017). Some local studies have examined spatial access to PHCs in 
China (Wang et al., 2018), most of which, however, have relied on 
simplified assumptions (e.g., homogeneous population distribution) 
and/or research paradigms and methods from western countries that do 
not fully apply to the unique context in China (Wang et al., 2018; Wang 
and Pan, 2016; McGrail and Humphreys, 2014). Studies on health ge-
ography most often involve few public health professionals and other 
stakeholders in the healthcare arena. This has severely limited the 
interpretation of their results, which could be further aggravated by 
relying on simplified assumptions and methods from western studies. 
Furthermore, separate from racial and ethnic inequalities in healthcare 
access in the US, regional inequality is a fundamentally important, but 
an understudied topic in China (; Chen, 2009; Weissman and 
Hasnain-Wynia, 2011). Therefore, a national map of spatial access to 
PHCs is urgently needed to improve current PHS and healthcare policies 
and, more importantly, address regional inequalities in PHC 
accessibility. 

The overarching goal of this study is to facilitate precise healthcare 
planning in China, by incorporating big data and scientific methods into 
the evaluation of inequalities in PHC accessibility, and eventually into 
healthcare planning practices. The specific aims of this study were three- 
fold: 1) to estimate the percentage of residents that currently had 
different levels of access to PHCs across China, 2) to measure spatial 
primary healthcare accessibility at each residential location (known as 
community in China), and 3) to examine inequality in spatial primary 
healthcare accessibility within provinces and subprovincial units 
(known as cities in China). This is the first study to quantitatively 
describe the status quo of spatial accessibility to PHCs in China. Results 
were aggregated to province and city levels for easier discussion and 
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better visualization, but raw results at the community level are available 
upon request. This study also enables healthcare providers at different 
levels (from national to community) to monitor and improve modeling 
of local primary healthcare accessibility by entering their more local, 
real-time data into our model. The national, high-resolution digital map 
of spatial PHC accessibility from this study is intended to launch a new 
chapter of the quantitative assessment of primary healthcare accessi-
bility in China, also promoting long-term commitment to improving 
accessibility and utilization of primary healthcare services among 
China’s residents. In addition, owing to the importance of PHCs in 
responding to the COVID-19 pandemic, the landscape of primary 
healthcare delivery would undoubtedly be changed (is already being 
changed in some provinces), which has made this national map of pri-
mary healthcare accessibility become an important benchmark record of 
primary healthcare delivery in the pre-COVID-19 era. A task force has 
been established to 1) maintain and update the national primary 
healthcare accessibility map based on more local input, 2) produce a 
comprehensive set of thematic healthcare accessibility maps for each 
specialty (e.g., maternal and child health), and 3) facilitate the visibility 
and eventually adoption of such solid quantitative evidence at all policy- 
making levels, for strengthening both public health emergency re-
sponses at national level and primary healthcare accessibility at indi-
vidual level. 

2. Methods 

2.1. Data and pre-processing 

Our study area covered 31 provincial units in mainland China, 
including four municipalities (Beijing, Shanghai, Tianjin, and Chongq-
ing), five minority autonomous regions (Inner Mongolia, Xinjiang, Tibet, 
Guangxi, and Ningxia), and 22 provinces. According to the National 
Statistical Yearbook of 2019, our study area had a total area of 9.63 
million square kilometers and a total population of over 1.4 billion. 

Four national datasets were collected to model spatial accessibility: 
administrative boundaries, road networks, residential locations (i.e., 
urban residential communities and rural administrative villages, which 
were hereafter referred to as community), and points of interest (POIs, all 
categorized according to the Chinese Standard Industrial Classification 
system and having geographic coordinates). PHCs were extracted from 
POIs as a level-3 category named “primary healthcare centers”. Twenty 
categories of POIs related to human activities (see footnote in Table 1) 
were converted into continuous density surfaces using the kernel density 
estimation, weighed, and combined into one POI density layer for 
modeling high-resolution population grids (Ye et al., 2019). This process 
of modeling population grids was aided by five other national products 
(Table 1): census data; elevation and slope datasets, created from digital 
elevation model (DEM) data; the binary land use dataset, with 1 
denoting urban land and 0 denoting non-urban land; nightlight data; 
normalized difference vegetation index (NDVI) image products for 12 
months of the year that were overlaid to obtain the maximum value as 
the vegetation index value of each pixel. 

2.2. High-resolution population modeling 

Grids of 100 m resolution have an appropriate radius of population 
grids in China (Ye et al., 2019; Tatem et al., 2013; ). Random forest (RF), 
a non-parametric and non-linear statistical method that has been used to 
simulate the complex functional relationship between outcome variable 
and heterogeneous predictive variables, was used to model the popu-
lation number in this study. The population product resulted from this 
method has been validated and proved to outperform other existing 
population products in China (Ye et al., 2019). Therefore, following that 
method, we resampled all six ancillary data (POI, elevation, slope, land 
use, vegetation, and nightlight) to 100m × 100 m resolution using the 
nearest neighborhood method, aggregated over districts/counties. 

Those were linked with logarithmic values of census population to fit the 
RF model. Finally, to maintain the original census population numbers 
within each district/county, RF-derived pixel values were utilized as 
weights to disaggregate the census population at the district/county 
level towards 100-m pixels. Full details can be found in Appendix A. 

2.3. Proximity to the nearest PHCs 

Community locations and 100 m population grids were spatially 
matched to assign each community the population number within the 
pixel within which it fell. The distance from each community to all PHCs 
within the province was calculated along the shortest route using 
network analysis. The distance to the nearest PHC for each community 
was extracted and averaged within each city and province separately. In 
addition, it has been assumed in most if not all healthcare accessibility 
studies that most patients travelled no more than a distance threshold 
for PHC visits (Wang et al., 2018; ; Guagliardo, 2004; Luo and Wang, 
2003). This may be especially true in China as hospital is easier for 
patients to access compared to many other countries (hospital could be 
an easy substitution for PHC sometimes even if PHC is quite close to 
patients). This threshold was set equal to 6 km in this study because, 
considering traffic lights and volumes in urban China, 6 km could be 
approximated to 30 min driving time during normal business hours 
(measured in Gaode Map system), which has been adopted in many 
studies to define the PHC catchment size (Luo and Wang, 2003; ; 
McGrail and Humphreys, 2015). Methodologically, the exclusion of 
those who were 6 km away from the nearest PHCs in the context of PHC 
access also mitigated influences of unusual long distance on average 
travel distance within provinces and cities. 

Next, we derived the percentage of people who can reach the nearest 
PHC within 1.5 km, 3 km, and 4.5 km in each province and city. These 
thresholds were selected for both sensitivity tests and practical reasons. 
For example, some provinces and cities aimed at establishing a 15-min 

Table 1 
Datasets used in this national study in China.  

Dataset Year Format/ 
Resolution 

Source 

For modeling spatial accessibility 
Residential location 2019 Point Gaode Map (https://www. 

gaode.com) Primary healthcare 
center 

2019 Point 

Road network 2016 Line (all types of 
roads including 
sidewalks) 

Data Center for Resources 
and Environmental Sciences, 
Chinese Academy of Sciences 

Administrative 
boundary 

2015 Polygon 
(province, city) 

Chinese Administration of 
Surveying Mapping and 
Geoinformation 

For modeling high-resolution population grids 
Census population 2017 Polygon 

(province, city) 
National statistical yearbook 
of 2018 

Point of interest 
(POI)a 

2019 Point Gaode Map (https://www. 
gaode.com) 

Digital elevation 
model (DEM) 

2011 30 m Land Processes Distributed 
Active Archive Center 

Land use 2015 30 m Landsat-based products 
Nightlight 2016 500 m Visible Infrared Imaging 

Radiometer Suite/Suomi 
National Polar Orbiting 
Partnership 

Normalized 
difference 
vegetation index 
(NDVI) 

2017 1 km MODIS MOD11A3 dataset  

a Twenty categories of POIs related to human activities (i.e., airport, auto 
service, bank, commercial building, company, education facility, factory, gas 
station, government agency, hospital and clinic, hotel, motor passenger station, 
park, railway station, residential community, restaurant and entertainment, 
retail, service zone of highway, toll station, and others) were used for modeling 
high-resolution population grids. 
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healthy catchment area (i.e., within 15-min’ walking distance which 
was approximated to 1.5 km) for all urban residents (e.g., Shandong 
Province, Sichuan Province, Shenzhen City, Urumqi City). Some other 
provinces and cities have more conservatively called for establishing a 
15–30 min’ healthy catchment area for urban residents and 30 min for 
suburban residents (e.g., Shaanxi Province, Shanghai City, Sanya City). 
Analyses for these subzones could also provide strong evidence-based 
policy recommendations for protocols to improve PHC access (e.g., 
areas without PHC access within 4.5 km–6 km were in greater need of 
improvement than areas with lack of PHC access within 3 km–4.5 km). 

2.4. The enhanced two-step floating catchment area (E2SFCA) method 

The E2SFCA method was used to calculate spatial primary healthcare 
accessibility of each community, which is a measure of potential for 
healthcare delivery with consideration of population density (i.e., 
considering per capita primary healthcare access). The first step was to 
compute the weighted PHC-to-population ratio, Rj, of every PHC j: 

Rj = Sj

/
∑

j∈(dkj≤6km)

Pkf
(
dkj

)
(1)  

where Sj represents medical capacity of PHC j, which was assumed to be 1 
consistently for all PHCs in China, owing to the same basic service ca-
pacity required by the central government (New version of guidelines 
for, 2019) and also their similar resources, capacities, and functions 
when healthcare resources are limited during health emergencies (valid 
during the COVID-19 epidemic); Pk is the population in community k 
that falls within the 6 km catchment of PHC j (dkj ≤6 km); dkj is the 
travel distance between k and j, estimated via the shortest path on the 
road network; f (dkj) is the distance weight calculated from a general-
ized distance decay function, capturing the distance decay of access to 
the PHC j. 

The second step was to obtain the spatial accessibility, Ai, of each 
community i: 

Ai =
∑

k∈(dik≤6km)

Rkf (dik) (2)  

where Rk is the weighted PHC-to-population ratio of PHC k that falls 
within the 6 km catchment centered at community i (dik∈6 km). The 
same distance weights derived from the distance decay function used in 
Step 1 are applied to account for distance decay. 

PHCs that are closer to a community are considered more important 
and have higher distance weights. Therefore, we used the Gaussian func-
tion (e− (dij/θ)2

/2) to simulate the distance decay of visiting PHCs.29,35 This 
function was assumed to yield a value of 0.01 when it converged to 0, 
where the distance decay coefficient β was accordingly determined by 
the catchment size (i.e., 6 km in this study) (Wan et al., 2012; Chen and 
Jia, 2019). This led to a β value equal to 7.82. Sensitivity analyses were 
also conducted on the basis of β values of 15.63 and 5.21 by assuming a 
critical value of 0.1 and 0.001 at the boundary, respectively. The 
average spatial accessibility of every city and province was then derived 
and mapped across China. 

2.5. Concentration index 

A concentration index is one of the most commonly used measures of 
inequality of healthcare accessibility, where a value of 0 denotes perfect 
equality while 1 denotes maximal inequality (Cabieses et al., 2015; Zere 
et al., 2007; Saito et al., 2016). In this study, we calculated in R 3.6.1 and 
mapped the distribution of concentration indices that described in-
equalities in the distance to the nearest PHCs and spatial healthcare 
accessibility among communities within cities and provinces for the 
whole of China. 

2.6. Spatial clustering 

Local Moran’s I were calculated for the distance to the nearest PHCs, 
spatial accessibility, and concentration indices at province and city 
levels to identify spatial clusters of high and low values (Anselin et al., 
2006). A Random Permutation Procedure was used to replicate the 
statistics 999 times to test the statistical significance (p < 0.05) of high 
and low spatial clusters (Jia et al., 2016). All spatial analyses were 
conducted in ArcGIS 10.6.1 (ESRI, 2018). 

3. Results 

3.1. Overall access to PHCs 

Nationally, about 2.3 million (55.9%) out of over 4 million com-
munities representing approximately 70% of the overall population had 
at least one PHC within their 6 km catchment areas. Specifically, 22.5% 
of communities representing about 31.6% of the total population with 
access to PHCs within 1.5 km; 13.5% of communities with 19.0% of the 
population had access within 1.5–3 km; 11.1% with 10.8% of the pop-
ulation had access within 3–4.5 km; and 8.8% with 8.5% of the popu-
lation had access within 4.5–6 km. With that said, 68.4% and 44.1% of 
the overall population lacked access to PHCs within 1.5 km and 6 km 
from their residence, respectively. 

At the province level, Shanghai had the largest percentage (98.0%) 
of people residing within the 6-km catchment areas of PHCs, followed by 
Beijing (95.9%) and Jiangsu (90.6%), while Tibet had the lowest per-
centage (26.4%) of people with PHC access within 6 km, followed by 
Guizhou (34.4%) and Guangxi (41.9%) (Fig. 1b). Although a small 
proportion of communities in Inner Mongolia, Ningxia, Gansu, Xinjiang, 
and Yunnan had PHC access within 6 km (Fig. 1a), a relatively large 
percentage of people lived in those communities, so a larger proportion 
of people relative to that of communities had PHC access within 6 km 
(Fig. 1b). 

3.2. Proximity to the nearest PHCs and inequalities 

Communities in three municipalities showed the shortest distance to 
the nearest PHCs on average, which was <1 km in Shanghai and <2 km 
in Tianjin and Beijing (Fig. 2a). Jiangsu, Shandong, and Zhejiang 
showed shorter distances on average (<3 km) than other provinces. A 
longer distance was observed in the western provinces, especially in the 
southwestern provinces and in minority autonomous regions (Fig. 3a). 
For example, Tibet and Guizhou had a distance of >10 km to the nearest 
PHCs on average, and Xinjiang, Ningxia, Gansu, Inner Mongolia, and 
Yunnan had a distance of >8 km. Among the communities that had a 
distance of ≤6 km from the nearest PHCs, the same three municipalities 
ranked highest by having an average distance of <2 km; Guizhou and 
Tibet also had the longest distance to the nearest PHCs on average, 
followed by Hunan and Guangxi (Fig. 2b). 

The within-province variation was also observed at the city level, 
especially in eastern and central China (Fig. 3b). Four clusters of cities 
with a longer distance on average to the nearest PHCs for their residents 
were identified, three in the west and one in the northeast. Cities along 
the Beijing-Shanghai belt, mainly in Tianjin, Hebei, Henan, Shandong, 
Jiangsu, Anhui, and Zhejiang, were found to have shorter distances to 
the nearest PHCs. Another cluster of cities with proximity to PHCs was 
found in Guangdong in the south. 

Beijing and Hebei showed higher inequalities in the distance to the 
nearest PHCs, followed by Zhejiang and Tianjin (Fig. 4a). Shanghai and 
Jiangsu had relatively less inequalities among provinces with shorter 
distance to PHCs. In contrast, Tibet and Guizhou had less inequalities, 
followed by Guangxi, Yunnan, and Gansu, which all had a longer dis-
tance to the nearest PHCs. At the city level, four clusters with low in-
equalities were detected, with three in low-proximity areas (Tibet, 
Yunnan, Guizhou, and Guangxi) and one in high-proximity areas 
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(Shanghai and Jiangsu) (Fig. 4b). Beijing, Hebei, and part of Henan and 
Shanxi formed one cluster of inequalities, and also two other clusters of 
inequalities were observed in the northeastern regions. 

3.3. PHC accessibility and inequalities 

Assuming similar basic service capacity across all PHCs, spatial 
accessibility to PHCs was found to be on average low in municipalities 
including Shanghai, Tianjin, and Chongqing, while being high in those 
sparsely populated provinces (with large variation), such as Tibet, 

Qinghai, and Inner Mongolia (Fig. 5). PHC accessibility in Beijing was 
higher than in those three municipalities and also some high-proximity 
provinces (e.g., Jiangsu, Shandong, and Zhejiang). 

The degree of PHC accessibility also showed within-province and 
within-city variations. The northernmost and northeastern provinces 
showed more inequalities and a cluster of south-central provinces 
showed significantly less inequalities (Fig. 6a). The clustering trend of 
within-city inequalities in PHC accessibility was also aligned with 
within-province inequalities, except that Tibet and northwestern 
Sichuan (i.e., mountainous regions) formed a less inequality cluster with 

Fig. 1. Proportion of residential locations (a) and of residents (b) with primary healthcare center (PHC) access between 1.5 km and 6 km at the province level.  
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lower accessibility in general (Fig. 6b). In addition, no significant dif-
ferences in geographic patterns of inequalities in PHC accessibility were 
found when using different distance decay coefficients in Gaussian 
function. 

4. Discussion 

This study comprehensively investigated several dimensions of 
spatial healthcare accessibility in China and quantitatively described the 
status quo of spatial access to PHCs for the first time. About 56% of 
communities across China that in total accounted for approximately 
70% of the overall population had at least one PHC within their 6-km 
catchment areas, with about 44% lacking access to PHCs within 6 km. 

In particular, about 68.4% of the overall population still lacked access to 
PHCs within 1.5 km (i.e., about 15-min’ walking distance from resi-
dence). Shanghai, Beijing, and Tianjin, as well as Jiangsu, Shandong, 
and Zhejiang, generally had higher proximity to the nearest PHCs, while 
Tibet, Guizhou, and Guangxi had lower PHC proximity on average. 
However, Shanghai, Tianjin, and Chongqing were found to have the 
lowest spatial PHC accessibility, under the assumption of similar basic 
service capacity across all PHCs; despite of large variation, those 
sparsely populated provinces, such as Tibet, Qinghai, and Inner 
Mongolia, turned out to have the highest spatial PHC accessibility. The 
variations existed in both proximity to the nearest PHCs and spatial PHC 
accessibility within provinces (i.e., at the city level across China), with 
more inequalities detected in the north and northeastern regions and 

Fig. 2. The mean distance to the nearest primary healthcare center (PHC) (a) and to the nearest PHC within 6 km (b) by province (error bars denote stan-
dard deviation). 
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less inequalities in Shanghai (high proximity), and Tibet and Guizhou 
(low proximity). 

Such a quantitative estimate of PHC accessibility will provide a 
foundation for policy and practice improvement by targeting limited 
healthcare resources at the areas of greatest need, and mitigating 
regional inequalities in a cost-effective way. Note that city is the finest 
level of data where the number of primary healthcare workforce per 
1000 residents is publicly available. This has greatly hindered the 
progress of the improvement of local healthcare planning and resource 
allocation due to large heterogeneity within cities. As administrative 

boundaries are not specifically designed for healthcare delivery pur-
poses and hence not appropriate for analyzing healthcare inequities (Jia 
et al., 2015), one could easily integrate the community-level healthcare 
accessibility or PHC catchment areas derived from this study with 
gridded population products, to estimate the number of primary 
healthcare workforce per 1000 population at any level from province to 
community. 

This study has overcome some theoretical issues that can be attrib-
uted to adopting methodologies from studies in western societies, as 
well as technical challenges common in these types of studies – such as 

Fig. 3. The average proximity to the nearest PHC at the province (a) and at the city (b) levels.  
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high-resolution population modeling. First, road-network distance 
rather than ‘as-the-crow-flies’ distance or travel time was used in this 
study. Many factors that greatly vary across space and over time could 
impact travel time, including travel time of the day, traffic condition, 
road quality, public transit service, travel modes of patients, and avail-
ability of parking space, which are especially true in China. By contrast, 
particularly in countries including China where those factors are highly 
unpredictable without using big, real-time data in complex models, 
physical distance seems a more reliable measure for healthcare planning 

purposes than travel time, because it is objectively measured and not a 
function of travel time. Second, many studies use discrete weights for a 
certain number of service area rings created around PHCs on the basis of 
specified intervals of travel time (e.g., 0–10, 10–30, and 30–60 min). 
This is a subjective and arbitrary choice without evidence base. The 
continuous weights from the Gaussian distance decay function were 
used in this study, with stability tested by sensitivity analyses. This 
should be closer to the actual situation (Jia et al., 2017), unless sub-
jective thresholds could be validated by actual data in the future. Third, 

Fig. 4. Inequalities in the distances to the nearest primary healthcare center (PHC) at the province (a) and at the city (b) levels. Concentration indices were mapped 
in six equal subgroups (the same number of administrative units of interest in each subgroup) for each of the two maps. 
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we used the high-resolution population grids to estimate the number of 
people with different levels of PHC accessibility, which, although not 
fully precise, has been proven to be more accurate than the homoge-
neous distribution of the population hypothesized in most, if not all, of 
existing studies (Pan et al., 2015, 2016). Furthermore, the use of 
high-resolution population grids in calculating spatial PHC accessibility 
also pointed out relatively insufficient per capita primary healthcare 
resources in three municipalities and some provinces with high prox-
imity to the nearest PHCs. Therefore, the seemingly convenience of 
hospitalization in those municipalities/provinces at present may reply 
heavily on general and tertiary hospitals, which conveyed an important 
message of strengthening the supply of primary healthcare services in 
those regions, for optimizing the tiered healthcare system in China and 
subsequently ensuring the success of the healthcare reform. 

This study has some limitations that also point out several future 
directions. First, PHCs used in this study were extracted from Gaode Map 
system, without consideration of the heterogeneity among PHCs, due to 
complex characteristics of the current PHS in China. The central gov-
ernment has required similar basic service capacity for PHCs: in 2006, 
the Ministry of Health and the National Administration of Traditional 
Chinese Medicine formulated the “Basic Standards for Urban PHCs”, 
which required the basic functions, department settings, houses, 
equipment, and number of beds and medical staff personnel in a quali-
fied PHC; in 2018, the National Health Commission and the National 
Administration of Traditional Chinese Medicine also published “Rural 
PHC Capacity Standards (2018 Edition)” and the “Community PHC 
Capacity Standards (2018 Edition)” to update the basic requirements for 
a qualified PHC. Both documents have been updated again by the Na-
tional Health Commission in 2019. Moreover, this assumption of similar 
service capacity among PHCs has been validated to a large extent during 
the COVID-19 outbreak, especially at the early stage where healthcare 
resources were limited and most PHCs functioned to provide similar 
basic services (e.g., testing) to nearby residents regardless of their sizes. 
Thus, it is scientifically reasonable to assume all PHCs to have similar 
basic service capacity at the national scale when the national PHC 
dataset is not available. However, large variation in overall capacity 
may exist because of multiple factors. For example, the National Health 
Commission also mentioned that healthcare administration in 

provinces, autonomous regions, and municipalities may use those ca-
pacity standards as a basis, and appropriately raise some indicators as 
local capacity standards on the basis of actual conditions, which can 
only be implemented after being reported to and approved by the Na-
tional Health Commission. However, there have not been theories and 
consensus on how to measure the service capacity of PHCs. All existing 
studies have considered only a limited number of aspects (e.g., number 
of beds, health professionals) rather than the overall PHC service ca-
pacity (Wang et al., 2018; Wang and Pan, 2016; Luo and Wang, 2003; 
Wan et al., 2012; Pan et al., 2015; Luo and Qi, 2009). In addition, some 
types of healthcare facilities such as private clinics that also function like 
PHCs were not included in this study. Nevertheless, the aforementioned 
assumption and results derived from this assumption have extremely 
important public health implications, especially during health emer-
gencies where the real-time modeling of population density at a high 
resolution on the ground could guide policy-makers to (re)allocate 
healthcare resources. 

Second, some issues during the population modeling process may 
affect the accuracy of the population product and thus that of accessi-
bility results. For example, although our population modeling method 
has been demonstrated to outperform other existing methods, the per-
formance of this method was still variable, with R2 of around 0.47–0.74 
between census and predicted data for townships with the largest and 
smallest 20% population densities (Ye et al., 2019). The relevance of 
POIs to the places where (most) people live should be further explored 
and validated. Also, the population numbers used in this study were 
modeled instead of being surveyed. Therefore, primary healthcare 
burdens estimated from this study, although being instructional in 
particular at province and city levels, may not be precise. The accuracy 
of this method needs to be further improved in future studies on the basis 
of better quality data, such as the forthcoming census 2020. Ignoring the 
population structure of residential communities, although not available, 
in the E2SFCA method may to some extent disguise the real need for 
PHCs. Third, the varying distance thresholds by urbanicity, as well as by 
province and city, may be more practical to the current status of China 
than a one-size-fits-all distance threshold. For example, distances of 1.5 
and 3 km may be appropriate to urban areas and eastern regions, 
whereas PHCs in rural areas and western regions may be farther away, 

Fig. 5. The mean spatial accessibility to primary healthcare centers (PHC) by province (error bars denotes standard deviation).  
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but PHCs can be visited with less traffic problems than in urban and 
eastern regions. Hence, issues of accessibility and thus prioritizing 
accessibility in those regions may be less of a concern. Fourth, although 
the most recent data have been used, a slight temporal mismatch may 
affect our results. However, these effects could be considered negligible 
at the national level (also due to their infrequent variations, e.g., DEM 
data in 2011 are sufficient), or unavoidable due to limited data 
availability. 

Fifth, although more stable to measure and more useful to healthcare 

planners at the current stage in China’s context, physical distance is less 
informative to residents, especially not convenient for them to choose 
travel modes. Different travel modes may cost different times when the 
distance is the same. The city scales in China vary significantly, and 
people living in different sizes of cities have different transportation 
preferences when seeking healthcare service from PHCs. Also, patients’ 
habits to visit PHCs in rural areas are different from in urban areas, 
which would also lead to time difference with the same physical dis-
tance. Incorporating more local data in our future efforts would help to 

Fig. 6. Inequalities in spatial access to primary healthcare centers (PHCs) at province (a) and city (b) levels. Concentration indices were mapped in six equal 
subgroups (the same number of administrative units of interest in each subgroup) for each of the two maps. 
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convert travel distance into travel time under multiple travel modes (e. 
g., driving, bicycling, and walking) (Ma et al., 2019). In addition, 
because of the medical reimbursement rules in China, patients could get 
a larger percentage of medical cost reimbursed if they choose the hos-
pitals in their city jurisdiction. Therefore, physical distance may not be 
the only priority for patients when choosing the hospital, especially for 
those communities which may be nearer to the neighborhood’s hospitals 
than to its own. 

Last but not least, our results of PHC accessibility are not validated. 
Although such validation, to the authors’ knowledge, has never been 
conducted in any previous study of healthcare accessibility (even in 
local small-area research), this should be a future direction which can 
benefit multiple stakeholders, including healthcare policy-makers, 
healthcare accessibility modelers, and residents in the community. We 
are calling for efforts of facilitating the development of appropriate data 
to validate accessibility modeling results through government- 
academic-industry co-operation. For example, relevant questions (e.g., 
PHC utilization) could be designed and assessed by experts in healthcare 
research, and included in the questionnaire-based health surveys. To 
avoid potential sampling bias, communities can be classified into 
different groups on the basis of accessibility values, and mobile and 
location-aware technologies can be used to facilitate the implementation 
of the survey in less accessible and/or large-scale regions. Results from 
such surveys are expected to provide real data for administrators and 
researchers to better investigate and understand what real barriers are to 
the residents in the real world. 

In addition, given the large study area and intra-province/city vari-
ation in PHC accessibility, the lack of access shown on the map may not 
imply severe accessibility issues in the whole area, and complex issues 
may have to be addressed in areas with good access. For example, due to 
lack of high-quality data of urban-rural boundaries, stratified analyses of 
urban and rural areas have been hindered, which further hides urban- 
rural differences in spatial accessibility. Migration is such an issue in 
rural areas and western China regions, as it may reduce the actual de-
mand in some regions with lack of access. The migration of the popu-
lation for working reasons (and also traveling to cities for hospitalization 
sometimes) may actually overburden urban PHCs and underburden 
rural PHCs. The centroids of residential communities and villages are 
usually used to represent their locations in Gaode, so the distance be-
tween actual household locations and their corresponding centroids was 
not considered, where the variation in the areas of residential commu-
nities across regions may introduce uncertainties to distance calculation. 
The lack of access in some regions may be because some village clinics 
were not registered in Gaode (nor in Baidu, another official positioning 
and navigation system in China). Such spatial mismatch may be an 
important source of bias that could have a large impact on the health-
care policy research community in China. Also, administrative villages 
were delineated in Gaode instead of separate natural villages (i.e., actual 
locations of villagers) that accounted for villagers at separate locations. 
Therefore, more local work needs to be done to identify the actual access 
at the household level. Moreover, non-spatial factors could affect spatial 
accessibility as well, such as quality of care in PHCs, insurance type, 
reimbursement schemes, and distrust from patients. Therefore, results of 
this study should be interpreted with caution. 

Despite the aforementioned limitations, this is a landmark and 
promising study in China because investigating spatial access quanti-
tatively is the first step before evaluating acceptability, accommodation, 
and utilization of primary healthcare services. Such potential spatial 
access is a prerequisite for calculating revealed access, where electronic 
medical record systems could be utilized for purposes of collecting 
public health data in a standardized digital format, and linked with 
hospitals to facilitate bidirectional referral (Jia et al., 2017; Luo and Qi, 
2009). Our study fills a critical gap in both scientific and policy com-
munities in China by determining inequality in healthcare accessibility 
across the country. More importantly, in addition to aggregated results 
presented, the raw results are available at a high resolution, which will 

enable the identification of communities with low PHC accessibility and 
further analyses at any level, once other ancillary data become available 
(e.g., at the periphery of urban-rural boundaries). Also, this multi-scale, 
high-resolution estimation of PHC accessibility can be integrated in a 
straightforward way with the forthcoming population information (e.g., 
census 2020), to more accurately estimate the number of people with 
different degrees of PHC accessibility and therefore establish a more 
precise benchmark. This can also be tracked at a high spatial resolution 
at multiple levels from province to community each year in the future. 

Impressive progress has been made in China in providing universal 
health care coverage in recent years, while greater future efforts are 
needed to reduce disparities nationwide. Like many other countries 
worldwide, China is developing rapidly in terms of population size and 
diversity, healthcare facilities, road infrastructure, traffic, insurance, as 
well as burdens of diseases and other medical demands. For example, 
new health issues are emerging that used to be largely absent, like 
western style diseases such as obesity. This will have an effect on the 
type of facilities and their diversity required in PHCs. Also, with the 
increase in traffic, accessibility will be more of a concern, in particular 
during rush hours. Temporal fluctuations should be included into 
planning of new facilities, like daily and weekly but also seasonal vari-
ations. In brief, all of these could have significant impacts on the status 
quo of primary healthcare accessibility and make our results subject to 
uncertainty of different kinds in the next couples of years or even within 
a shorter period. Therefore, it will be important to revisit and update this 
map at least every 3 years from its release, so they can be useful for 
future efforts in mapping the quality of primary healthcare and popu-
lation health outcomes. 

This national map will be integrated with more big data and local 
sources of data to further improve their usefulness, and also will 
accompany and help direct the PHS in China towards a more precise, 
efficient, and cost-effective design, and ultimately support ongoing ef-
forts for successful healthcare reform. In a broader sense, sharing our 
lessons with other countries will also be carefully investigated in the 
future, and this national mapping effort has made enormous strides to-
ward a global healthcare accessibility map (Weiss et al., 2018). 
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