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Abstract: Health inequality is an increasing concern worldwide. Using the coefficient of varia-
tion, Theil index, exploratory spatial data analysis, and spatial panel econometric model, we 
examined the regional inequality, spatio-temporal dynamic patterns, and key factors in the 
health status of Chinese residents from 2003 to 2013. We found that China’s residential 
health index (RHI) decreased from 0.404 to 0.295 in 2003–2013 at an annual rate of 2.698%. 
Spatially, resident health status, based on the RHI, has improved faster in the western region 
than in the eastern and central regions. Inequality in resident health status continued to in-
crease between 2003 and 2013; inequality between regions decreased, but health status 
inequality expanded within regions. Furthermore, disparities in health status grew faster in 
western regions than in the eastern and central regions. The spatial distribution of resident 
health status formed a “T-shaped” pattern across China, decreasing from east to center then 
to the west with a symmetric decrease north and south. Using the change in Moran’s I from 
2003 to 2008 and 2013, we found that the distribution of resident health status across China 
has narrowed. All the hot spots and cold spots have decreased, but they are also stable. 
Resident health status formed a stable cold spot in the western regions, while the east coastal 
area formed a stable hot spot. Selected explanatory variables have significant direct impacts 
on resident health status in China: increasing per capita GDP, per capita spending on health, 
and urbanization, and improving environmental quality all lead to better resident health status. 
Finally, we highlight the need for additional research on regional inequality of resident health 
status across multiple time, spatial, and factor domains. 
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1  Introduction 

Health, the basis of human survival and development, is related to quality of life, national 
security, and social stability. As the socio-economy and medical technology have developed, 
the national health status of different countries has all improved. However, upper-class pop-
ulations have gained greater benefits from this improvement, which has resulted in health 
inequities between and within countries (Smyth, 2008; Yang et al., 2010; Brinda et al., 
2016). Currently, health inequity has become a central issue affecting human development 
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(Kirby, 2005; Braveman, 2006). The World Health Organization (WHO) has strongly urged 
nations to narrow the gap in health disparities between different groups of people and dif-
ferent regions within a country. Enjoying good health should be a main social goal of gov-
ernments worldwide.  

Since the reform and opening up, access to health care services in China has been 
significantly enhanced, and resident health status has improved significantly. Particularly in 
recent years, reforms in the health care system and continuous increases in health resources 
have rapidly changed the status of resident health, which is clear from the following data. 
Life expectancy has been extended from 69 years in 1990 to 75 years in 2010, mortality of 
children under 5 years fell from 53.9 per thousand in 1990 to 11.7 per thousand in 2014 and 
the maternal mortality rate dropped from 80 per 100,000 in 1990 to 21.7 per 100,000 
persons in 2014 (NHFPC, 2015). However, there are still significant regional differences in 
health status, which pose severe challenges to building a harmonious society in China. To 
address this disparity, the Ministry of Health pointed out in 2008 that “the health equity of 
people should be set as an indicator to measure social justice and fairness” in the “Healthy 
China 2020” report. Moreover, in the fifth plenary session of the 18th Central Committee, 
the construction of “Healthy China” was proposed as a national strategy, which stressed the 
necessity of integrating health into all policies, changing the pattern of health development, 
and promoting and protecting the health of the entire nation. Therefore, understanding re-
gional differences in the status of resident health has important significance for achieving 
the “Healthy China” objective.  

International research on health equity began in the 1970s. In 1977, the British govern-
ment set up a “Health Inequity” research group and released “The Black Report” in August 
1980. The report documented social health inequities, and attributed the health disparities 
between different social classes to the differences in socio-economic environment. The re-
port has attracted widespread attention about health equity. Published research has shown 
that health inequities are closely related to socio-economic status and that the health status 
of groups with higher socio-economic status is significantly superior to those with lower 
socio-economic status, and this trend has not changed spatially or temporally (Mackenbach 
et al., 2008). For example, Acheson (1998) found that life expectancy remains unequal be-
tween social classes, even in countries with generally high health status. Zatonski (2007) 
pointed out that the biggest challenge to the continued socio-economic development of Eu-
rope was the health gap between the east and the west. Pearce et al. (2006) claimed that 
health inequities between different regions in New Zealand had become more extreme in the 
early 21st century and the gap was growing. Furthermore, Hong and Ahn (2011) found that 
socio-economic inequalities between regions in South Korea worsened the health inequities 
between regions. Therefore, narrowing the gap in health inequities between different regions 
requires a more equitable distribution of income and higher average incomes. Since the 
1990s, the coupled growing gaps between social classes and improving health has high-
lighted the issue of health equity in China. Health inequity between diverse groups (e.g., 
between ethnic, social, and class groups) and between urban and rural areas has been studied; 
however large-scale regional differences in health inequity are less well understood. 
Previous studies have concentrated on measuring regional health inequity based on 
indicators such as the infant mortality rate (Ming, 2007), self-assessment health index (Xie 
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and Tu, 2011), and compound health index (Fang et al., 2010) using the coefficient of 
variation, extreme rate, Theil index, and concentration index. These scholars found signifi-
cant differences in the status of resident health in different regions of China, with better sta-
tus in economically developed areas than in underdeveloped areas (Xie, 2011; Du and Wang, 
2013; Li and Xu, 2015; Zhou et al., 2017). 

In general, two problems can be found in previous studies. First, many studies have been 
based on static and single-year cross-section data on resident health status; this lacks suffi-
cient study on the spatio-temporal changes in health status. Second, most studies apply de-
scriptive statistics and clustering analysis to describe regional health inequity, but lack 
in-depth data on regional differences, spatial-temporal changes, and factors influencing 
health status. A major turning point in China’s medical and health work since the reform and 
opening up was the year 2003. In that year, the government started constructing and began 
to conduct activities within the “new rural cooperative medical system.” Consequently, the 
health of many Chinese residents began to change. Taking this turning point into 
consideration, this study set 2003 to 2013 as the research period and selected 2003, 2008 and 
2013 three time nodes. Thirty-one Chinese provincial administrative units were set as the 
basic space units. We used the coefficient of variation and Theil index to analyze character-
istic changes in the status of resident health and general variability. We also examined the 
spatial-temporal patterns of resident health status using the spatial autocorrelation method, 
and then determined the primary influencing factors on health status with the Spatial 
Econometric Model. The breadth and depth of analysis should provide an important refer-
ence to evaluate the successful implementation of the “Healthy China” strategy.  

2  Data sources and methods 

2.1  Data sources 

The space units were the 31 provinces in China, including municipalities and autonomous 
regions. Perinatal mortality, maternal mortality, and incidence of infectious diseases, which 
reflect the health status of residents, were obtained from the 2004–2014 China Health Sta-
tistics Yearbook. Accessibility to health care resources, such as the number of beds in 
medical institutions per 1000 persons, the number of technical health workers per 1000 
persons, and the number of hospitals per 10,000 persons and GDPPC (Gross Domestic 
Product Per Capita) of the provincial economic development level and urbanization rate (the 
proportion of urban population to total population) were acquired from the 2004–2014 
China Statistical Yearbook. Provincial environmental quality metrics, such as quantity of 
discharged industrial wastewater and domestic sewage and industrial emissions, were ob-
tained from the 2004–2014 China Environment Statistical Yearbook. 

2.2  Methods 

2.2.1  Measuring the health status of residents 

The United Nations Millennium Development Goals proposed “to reduce child mortality, 
improve maternal health, and fight against HIV and other diseases.” Some data was limited, 
for example, the absence of provincial data on child mortality under age 5, which is a com-
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monly used indicator. Therefore, we only selected perinatal mortality, maternal mortality, 
and incidence of infectious diseases to reflect resident health status. Among them, the inci-
dence of infectious diseases was represented by the incidence rate of A or B class notifiable 
infectious diseases. Perinatal mortality, maternal mortality, and incidence of infectious dis-
eases are negative indicators; greater values indicate worse health status. To comprehen-
sively evaluate the resident health status in different regions, these described indicators were 
first normalized using the extreme value normalization method. Then, the weight of the in-
dex was determined using the entropy method (Chen et al., 2009). Finally, the weighted av-
erage method was applied to calculate the residents’ health index in different provinces.  

 
3
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where Hij is the residents’ health index (RHI) in i province, Zij is the normalized value of the 
jth indicator in i province, and wij is the weight of the jth indicator. The weights of perinatal 
mortality, maternal mortality, and incidence of infectious diseases are 0.34, 0.31, and 0.35, 
respectively. Therefore, smaller values of Hij indicate better health status. 

2.2.2  Measuring regional differences in resident health status 

The coefficient of variation and Theil index were used to measure the regional differences in 
resident health status. 
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where Cv is the coefficient of variation, n is the number of provinces, hi is the residents’ 

health index in i province and h  is the average value of all hi. Larger coefficients of 
variation indicate greater differences. 

The Theil index can resolve the overall differences in the health status into the differences 
within regions and the ones between regions. 
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where TWR is the differences within regions, TBR is the differences between regions, and n is 
the number of provinces; nd, nz, and nx are the number of eastern, central, and western 
provinces, respectively; Ti is the ratio of residents’ health index to the national average index; 
Td, Tz, and Tx are the ratios of residents’ health index in the eastern, central, and western 
regions to the national average index. 

2.2.3  Measuring spatial patterns of resident health status 

Exploratory Spatial Data Analysis (ESDA) was applied to analyze the distribution patterns 
of the resident health status in China. The global spatial Moran’s I was used to determine 
whether the resident health status distributions were clustered, dispersed, or random (Wang 
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and Xu, 2017). The formula is as follows: 

 Moran’s 

  
1 1

2

1 1

n n

ij i j
i j

n n

ij
i j

W Y Y Y Y

I

S W

 

 

 





 (6) 

where n is the total number of observations, Yi is the observed value of resident health status 
at i position, Wij is the spatial weight matrix (spatial adjacent: 1, non-adjacent: 0), S2 is the 

variance of the attribute value, and Y  is the average value of Yi. At a given level of sig-
nificance, positive Moran’s I values indicate clustering of regions with similar health status. 
Conversely, negative Moran’s I indicate that adjacent areas have significant differences in 
resident health status, i.e., good and poor health statuses are significantly spatially dispersed. 
Normally, Moran’s I is examined with the Z-test. Positive and significant Z values indicate a 
positive spatial autocorrelation. Negative and significant Z values indicate that there is 
negative spatial autocorrelation. Z value of zero indicates an independent and random dis-
tribution. 
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where E(I) is mathematical expectation and Var(I) is the variance.  
Getis-Ord G* was adopted to reflect the spatial dependency and heterogeneity of the resi-

dent health status. The formula can be expressed as: 
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where a significantly positive G*
i (d) value indicates that the observed value is relatively 

high around area i, which indicates a hot-spot area; other values of G*
i (d) indicate 

cold-spots. Yi is the observed value of resident health status in region i and Wij is the spatial 
weight matrix, where the space adjacent value is 1 and the non-adjacent value is 0. 

2.2.4  Spatial regression analysis to evaluate the influencing factors on resident health status 

Because the traditional econometric model does not nest the spatial interaction effect, it may 
lead to errors in the model setting and estimation results. Instead, a spatial panel model with 
both nested spatial and time effects makes the spatial regression model set more practical. 
The spatial panel model also better clarifies the influence of the selected factors on the spa-
tial-temporal patterns of resident health status. At present, commonly used spatial regression 
models include the Spatial Lag Model (SLM), Spatial Error Model (SEM), and Spatial 
Durbin Model (SDM) (Lesage and Pace, 2009). Among them, the SDM has nested spatial 
dependencies, and the independent variables and error terms are unaffected by the spatial 
dependence of missing variables (Lee and Yu, 2010). Therefore, the SDM was used to ana-
lyze the effect of key human factors on spatial-temporal changes in resident health status. 

The provincial unit was set as i = 1, ..., 31, and the time series was set as t = 1, ..., 11 
(from 2003 to 2013). The SDM model, which analyses the relationship between key human 
factors and resident health status can be expressed as: 
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where δ represents the spatial regression coefficient, wij represents an element in the spatial 
weight matrix W, yjt represents the observed value of the resident health status in j unit at 
time t and x(i, j, t–1) is the row vector (1, k) of independent variable in i unit at time t–1. λ is 
the column vector of k dimension, which represents the coefficient of the spatial hysteresis 
interpretation variable. μi represents the spatial fixed effect, which controls all variables with 
space-fixed and time-independent. λi represents the time fixed effect, which controls all va-
riables with time-fixed and space-independent. εit represents the spatial autocorrelation error 
term.  

3  Regional differences in Chinese resident health status and changes in 
spatio-temporal patterns 

3.1  Changes in regional differences in resident health status 

From 2003–2013, the residents’ health index (RHI) of Chinese residents decreased from 
0.404 to 0.295, indicating that the health status improved 26.98% (Figure 1). However, due 
to the spread of the SARS epidemic in 2003 and an imperfect public health service system, 
from 2003 to 2005, the Chinese RHI increased from 0.404 to 0.464, indicating a health sta-
tus deteriorated 14.91%. Since then the public health system has improved with reforms in 
the medical and health system and increasing investments in medical and health. This re-
sulted in the Chinese RHI dropping to 0.295 from 0.464 with a corresponding health status 
improvement of 36.51%. From 2003 to 2013, the full implementation of the new rural coop-
erative medical system, the central government’s subsidies, and increasing investments in 
the western region resulted in significant advances in the health status of western Chinese 
residents. The RHI in the western region decreased from 0.558 to 0.353 and health status 
improved 32.26%; this is in contrast to the central and eastern regions, where health status 
improved 17.42% and 23.74%, respectively. However, despite these gains, health status in 
China continued to show an “East-Centre-West” stepwise declining pattern. 

 

Figure 1  Trends in the residents’ health index (RHI) in China from 2003 to 2013 

From 2003 to 2013, the differences in resident health status between provinces were large 
and the overall trend widened; the coefficient of variation increased from 0.369 to 0.495, a 
growth of 27.06%, and the Theil index increased from 0.0619 to 0.0832, an increase of 
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34.47% (Figure 2). The SARS epidemic in 2003 significantly impacted resident health status 
and differences in resident health status between provinces from 2003 to 2005 began to nar-
row. Subsequently, provincial differences widened and fluctuated. The Theil index showed 
that the evolution of differences within regions (intra-zones) coincided with overall differ-
ences. More specifically, from 2003 to 2007, differences between regions (inter-zones) were 
wider than those within regions and overall differences were primarily caused by differences 
between regions, with an average contribution rate of 61.45%. Then from 2008 to 2013, the 
differences within regions were greater than those between regions, and the overall differ-
ences were primarily caused by differences within regions, with an average contribution rate 
of 60.15%. In general, the differences in the resident health status between regions tended to 
shrink, while differences within regions tended to expand. However, there were significant 
differences in trends of the variation in resident health status in the eastern, central, and 
western regions. That is, while the differences within the eastern and central regions were 
growing, the fluctuation was relatively stable and the amplitude was small. In contrast, the 
differences within western region rapidly expanded, the coefficient of variation increased 
114.21% and the Theil index increased 274.18%; the differences in health status of residents 
of the western provinces became increasingly significant.  

 

Figure 2  Regional differences in resident health status in China from 2003-2013 based on (a) the variable coef-
ficient and (b) the Theil index 

3.2  Changes in spatial distribution of resident health status 

To present the spatial distribution of Chinese resident health status visually for 2003, 2008, 
and 2013, the 31 provinces were divided into five groups based on their RHI and plotted 
with natural breakpoint classification method using ArcGIS software. These groups were 
high, above-medium, medium, below-medium, and low health status regions.  

Between 2003 and 2013, the health status of Chinese residents changed significantly at 
the provincial scale (Figures 3 and 4). From 2003 to 2008, 22.58% of provinces transferred 
to a high status and 19.35% to a low status. The status transformations for provinces were 
complex and did not improve systematically. That is, 9.68% of provinces directly trans-
formed to a high health status, 12.90% of provinces gradually improved in status, and 6.45% 
of provinces directly transformed to a low health status, 12.90% of provinces gradually de-
clined in status. From 2008 to 2013, status transformations were simpler, and all transforma-
tions were gradual, successive migrations to higher or lower status. Of these, 19.35% of 
provinces transferred to a high status and only 6.45% of provinces were to a low status. 
Compared with 2003–2008, the number of high, below-medium, and low health status 
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provinces decreased 33.33%, 75.0%, and 
60.0%, respectively, while above-medium 
and medium health status provinces in-
creased 11.11% and 100%, respectively. 
Generally, the high and above-medium 
health status provinces were primarily in 
the eastern region for 2003–2013, although 
the proportion of eastern provinces de-
creased slightly. The central region was 
dominated by above-medium and medium 
health status provinces. The western region 
was dominated by provinces that changed 
from low and below-medium to medium 
and above-medium health status. Despite 
improvements in the overall health status, 
the general feature of the “East-Cen-
tre-West” stepwise declining pattern re-
mained unchanged and the differences 
within the eastern and western regions re-
mained (Figure 4).  

In addition to the general spatial trends, 
the health status distributions also changed. 
From 2003 to 2008 (Figure 3), the high 
health status regions shrank sharply, and 
changed from relatively dispersed to con-
centrated, forming the contiguous high 
health status area of Jiangsu-Shandong-Sh-
anghai. The spatial range of above-medium 
health status regions slightly expanded and 
formed three contiguous areas, Bei-
jing-Tianjin-Hebei-Liaoning, Sichuan, and 
Hunan-Hubei-Jiangxi-Anhui-Zhejiang. The 
spatial scope of the medium health status 
regions expanded largely, shifting from 
relative dispersed to more concentrated 
areas; there was a contiguous area of Fu-
jian-Guangdong-Guangxi-Yunnan-Hainan 
and a wedge-shaped area of Inner Mongo-
lia-Heilongjiang-Jilin-Shanxi-Shaanxi-Cho
ngqing. Both the below-medium and low 
health status regions declined largely, with 
the low health status regions transformed from wedge-shaped to half-surrounded be-
low-medium health status regions. From 2008 to 2013 the spatial distributions became more 
concentrated. The spatial scope of high health status regions slightly expanded to include 

 

Figure 3  The spatial distribution of resident health 
status in China for 2003 (a), 2008 (b), and 2013 (c) 
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Beijing outside the contiguous distribution area (Jiangsu-Shandong-Shanghai) and con-
nected with the above-medium health status regions across central China. Together, the two 
regions formed a “T-shaped” pattern stretching from the coast to the inland, and divided the 
medium-level regions into southern and northern stripes extending from east to west. The 
below-medium health status regions shrank slightly, but remained half-surrounded by the 
low health status regions; these two regions were closely grouped and located in the north-
west. As a result, the spatial variation in Chinese resident health status showed a clear 
“East-Centre-West” stepwise declining pattern and a symmetrical declining trend toward 
north and south from central China. 

 

Figure 4  Resident health status in different parts of China, eastern region (a), central region (b), western region (c), 
and the entire nation (d), from 2003 to 2013 

3.3  Spatio-temporal changes in resident health status 

Using the RHI from each province in the ESDA method, Moran’s I values were 0.377, 0.268, 
and 0.262, respectively, in 2003, 2008, and 2013. The confidence level for the normal statis-
tic Z value of Moran’s I was higher than 0.01, which showed that the RHIs from 2003 to 
2013 were positively spatially autocorrelated. That is, the provinces with higher resident 
health status tended to gather, and so did the provinces with lower resident health status. 
However, during this period, Moran’s I value of the RHI showed a decreasing trend, 
indicating that the spatial autocorrelation of the resident health status weakened. From the 
changes in Moran’s I value, the spatial relationship of resident health status significantly 
varied from 2003 to 2008, with the change in amplitude of Moran’s I value of 0.109. In 
comparison, the amplitude was only 0.006 from 2008 to 2013, indicating few changes and 
general stability in the spatial relationship of health status.  

Global Moran’s I values only showed that the resident health status had a significant spa-
tial correlation for all of China, but failed to reflect local spatial information. Therefore, the 
Getis-Ord G* values were used to define “cold spot,” “sub-cold spot,” “sub-hot spot,” and 
“hot spot” regions that reflected local spatial relationships (Figure 5). Form 2003 to 2008,  
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the spatial relationship of Chinese resident 
health status changed largely, cold-spot 
regions and hot-spot regions shrank while 
sub-cold regions and sub-hot regions ex-
panded. The proportion of hot-spot and 
cold-spot regions to all provinces dropped 
from 45.16% to 35.48% and from 16.13% 
to 9.68%, respectively. Stable provinces 
accounted for 77.42% of the total; among 
these, Xinjiang-Qinghai-Tibet was a sta-
ble cold-spot region while Beijing-Tian-
jin-Hebei-Shandong-Henan-Hubei-Jiangxi
-Jiangsu-Anhui-Shanghai-Zhejiang was a 
stable hot-spot region. From 2008 to 2013, 
the spatial relationship of Chinese resident 
health status changed little, the cold-spot 
regions remained unchanged, hot-spot 
regions decreased in area, and sub-cold 
and sub-hot regions continued to expand. 
The proportion of hot-spot region to all 
provinces reduced from 35.48% to 
16.13%, and stable provinces accounted 
for 74.19%; among these, Xinjiang- 
Qinghai-Tibet remained a stable cold-spot 
region and Shandong-Henan-Hubei-An-
hui-Jiangsu-Shanghai remained a stable 
hot-spot region. In general, both hot-spot 
and cold-spot regions declined from 2003 
to 2013, which indicates that the concen-
tration trend for both high and low health 
status provinces weakened. This trend was 
particularly clear for provinces with high 
health status. In both periods, the per-
centage of stable provinces was higher 
than 70%, indicating that the distribution 
of Chinese resident health status had a 
spatial locking or path dependence. The 
western region formed a large-scale 
cold-spot region with stability while the 
eastern coast was dominated by a hot-spot region with significant stability. Consequently, 
this analysis reinforced the overall characteristic of “East-Centre-West” stepwise decline in 
resident health status.  

 

Figure 5  The spatio-temporal dynamics of the resident 
health status in China based on local spatial relationships 
in 2003 (a), 2008 (b), and 2013 (c) 
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4  Influencing factors on Chinese resident health status 

4.1  Regional differences in key human factors 

The Commission on Social Determinants of Health within the WHO suggested that health 
inequities are not simply “natural” phenomena and significantly affected by unfair human 
factors (WHO CSDH, 2008). Some research has also shown that regional health inequities 
are not only the results of differences in natural factor, but are influenced by economic 
development (Sundmacher et al., 2011), public health expenditures (Li and Yu, 2013), access to 
health care resources (Garcia-Subirats et al., 2014; Boccolini  and de Souza Jr, 2016), 
environmental quality (Qi, 2008; Baguma, 2017), urbanization (Van de Poel et al., 2012; 
Cheng and Yang, 2015; Miao and Wu, 2016), and other human factors. Therefore, we analyzed 
the impact of these key human factors on resident health with Spatial Durbin Model (SDM). 

(1) Economic development 
The level of economic development will affect the accessibility of health products and 

services. Poorly distributed economic development will lead to discrepancies in the quality 
of health products and services in different regions; thus, the effectiveness of preventive 
health services and disease control will also be affected, resulting in differences in resident 
health status (Sundmacher et al., 2011). From 2003 to 2013, China’s GDPPC grew at an av-
erage annual rate of 29.75%, and the average annual growth rate of the western region was 
as high as 45.52%; China’s economic development increased significantly, especially in the 
western region (Figure 6). During this period, the GDPPC in China also showed an 
“East-Centre-West” stepwise declining pattern; the coefficient of variation reduced 42.47%, 
but with differences between the three regions. The variation coefficient of the GDPPC in 
the eastern and central regions tended to decline, 43.09% and 29.94%, respectively, while 
that of the GDPPC in the western region increased 41.66%. These data showed that provin-
cial differences in economic development level as a whole had decreased, but the differences 
had expanded between the western provinces.  

(2) Public health expenditure 
Public health expenditure exerts a significant positive effect on health output, which im-

pacts human health primarily by influencing access to health services, health insurance cov-
erage, and public health (Li and Yu, 2013). From 2003 to 2013, per capita public health ex-
penditure in China increased 78.53%, and the average annual growth rate in the central re-
gion was as high as 120.39% (Figure 5). During this period, the coefficient of variation for 
per capita public health expenditure in China reduced 62.43%. Among regions, the variation 
coefficient for per capita public health expenditure in the central region decreased 73.63%, 
which was much higher than that of the eastern and western regions; however, the values of 
the coefficients of variation were lower than that of the eastern region. In general, provincial 
differences in public health expenditure in China narrowed, although the eastern provinces 
had more significant variations than the central and western provinces. 

(3) Access to health care resources 
The fair allocation of health care resources is an important factor that influences resident 

health equity (Zheng et al., 2015; Han et al., 2015; Mullachery et al., 2016). In this study, 
the number of technical health workers per 1000 persons, the number of beds in medical 
institutions per 1000 persons, and the number of hospitals per 10,000 persons were applied  
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Figure 6  Trends in key human factors from 2003 to 2013, GDPPC is gross domestic product per capita (a), 
PCPHE is per capita public health expenditure (b), AHCR is accessibility of health care resources (c), UR is 
urbanization rate (d), and EQI is environmental quality index (e) 

to illustrate the accessibility of health care resources1. From 2003 to 2013, the average an-
nual growth rate (AAGR) of accessibility to health care resources in China was 2.11%; in 
the western region, AAGR was as high as 4.76%. This trend indicates that China’s health 
care resources improved significantly, especially in the western region (Figure 5). During the 
period, the coefficient of variation for accessibility of health care resources in China reduced 
by 37.83% and it reduced by 28.59% in the central region, which was higher than in the 
eastern and western regions. Therefore, provincial differences in the accessibility of health 
care resources tended to decrease, especially in the central provinces.  

(4) Urbanization 
Urbanization has brought fundamental changes in social organization, family relations, 

and lifestyles, which exerts a significant impact on human health (Bai et al., 2012). Here, we 
used urbanization rate to evaluate this factor’s influence on health status. The AAGR of ur-
banization rate in China from 2003 to 2013 was 1.32%, of which the AAGR in the eastern 
region reached to 1.50%. The urbanization level in China developed rapidly over this period, 
especially in the eastern region. Furthermore, although the coefficient of variation decreased 
28.09% nationally, the urbanization rate had an “East-Centre-West” stepwise declining 

                          
1First, the index was standardized using the formula: min max min( ) / ( )z x x x x   . Second, the accessibility of health 

care resources was calculated using the equal weighted sum method; larger values indicate higher accessibility of health 
care resources. 
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pattern and there were regional differences in the coefficient of variations. The variance co-
efficients for urbanization rate in the eastern and central regions declined 43.52% and 
62.69%, respectively, while that in the western region increased 14.02%. Generally, provin-
cial differences in the urbanization as a whole tended to decrease, except in the western re-
gion where differences in urbanization between provinces expanded. 

(5) Environmental quality 
The negative impact of environmental quality on health is significant (Narayan and Na-

rayan, 2008; Li and Han, 2015), and there is a direct link between pollutants and specific 
diseases that can cause immediate and long-term damage to individual health and increase 
morbidity and mortality at a macro level (Xu and Chen, 2010). Water and air pollution have 
become the primary environmental problems in China. Therefore, in this study, wastewater 
discharge per capita (industrial wastewater + domestic sewage) and waste gas per capita 
were used to represent the environmental quality2. From 2003 to 2013, the environmental 
quality index in China fell 1.17% annually, and the average annual decline in the western 
region was as high as 1.36%; China’s environmental quality generally worsened, especially 
in the western region. During this period, the environmental quality index in China maintained 
a “Centre-West-East” decreasing trend. The coefficient of variation decreased 6.25% nation-
ally, but was different in each region; the variation coefficient of the environmental quality 
index for the eastern and central regions declined 51.12% and 12.50%, respectively, while it 
increased 73.81% in the western region. Generally, provincial differences in environmental 
quality tended to decrease, although differences in the western provinces expanded. 

4.2  The impact of human factors on resident health status 

Pearson correlation analysis was used to test the relationship between these human factors 
and the resident’s health index (Table 1). The results showed that the GDPPC and urbaniza-
tion rate maintained a strongly negative correlation with the RHI, which indicated that high-
er provincial GDPPC and urbanization likely resulted in better resident health status. That is, 
economic and urban development effectively changed health status. Per capita public health 
expenditure and the RHI also had a significantly negative correlation for five years; regions 
with more public health expenditure provided better health care services, which in turn, ac-
tively improved resident health. The environmental quality index had a significant negative 
correlation with the residents’ health index for six years, indicating that better  

Table 1  Pearson correlation coefficients between RHIs and key human factors 

Variable 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 

GDPPC –0.508** –0.486** –0.422** –0.453** –0.441** –0.437** –0.405** –0.425** –0.448** –0.418** –0.413** 

PCPHE –0.000 –0.078 –0.190 –0.140 –0.309 –0.218 –0.427** –0.498** –0.452** –0.457** –0.454** 

AHCR –0.261 –0.184 –0.104 –0.125 –0.15 –0.132 –0.12 –0.133 –0.112 –0.168 –0.165 

UR –0.489** –0.437** –0.493** –0.537** –0.535** –0.541** –0.522** –0.512** –0.524** –0.550*** –0.546*** 

EQI –0.500** –0.416** –0.235 –0.404** –0.477** –0.370** –0.372 –0.178 –0.327* –0.251 –0.260 

Note: ***p<0.001;** p<0.05;* p<0.1 

                          
2First, the index was standardized using the formula: z = (xmax – x) / (xmax – xmin). Second, the index for environmental 

quality was calculated using the equal weighted sum method; larger values indicate better environmental quality. 
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environmental quality resulted in maintenance of good resident health status. Although the 
accessibility of the health care resources negatively correlated with the RHI, it was insig-
nificant.  

There was a significant spatial autocorrelation in the health status of Chinese residents, 
which indicated a spatial interaction effect in health status across different provinces. 
Therefore, SDM with random effect was selected to explain the influences of each human 
factor on resident health status. The estimated SDM results are shown in Table 2. From Ta-
ble 2, the GDPPC, per capita public health expenditure (PCPHE), urbanization rate (UR), 
and environmental quality index (EQI) passed the significance test at 5%, while the accessi-
bility of health care resources (AHCR) failed. Therefore, economic development, public 
health expenditure, urbanization, and environmental quality were key factors affecting the 
spatio-temporal distribution of resident health status. More specifically, the elastic coeffi-
cient of GDPPC, PCPHE, UR, and EQI were –0.017, –0.013, –0.129, and –0.012, respec-
tively, which indicated that these four factors had a positive effect on the resident health 
status. Therefore, economic development, increased public health expenditure, higher ur-
banization, and better environmental quality could effectively improve resident health status. 
In addition, the elastic coefficients of spatial lags of GDPPC and environmental quality were 
–0.037 and –0.081, respectively, but that of urbanization rate was 0.093. Therefore, improv-
ing the economic development level and the environmental quality in neighboring provinces 
would have a positive impact on the resident health status in a province, while increasing 
urbanization in adjacent provinces would exert a negative impact on resident health in a 
province. 

Table 2  Key human factor parameters estimated using SDM 

Variable 
Elastic 

coefficient 
T value P value Variable 

Elastic 
coefficient 

T value P value 

lnGDPPC –0.017** –2.39 0.017 W*lnGDPPC –0.037*** –2.79 0.005 

lnPCPHE –0.013** –1.98 0.049 W*lnPCPHE 0.003 0.48 0.630 

lnAHCR –0.054 –1.36 0.174 W*lnAHCR 0.029*** 2.83 0.005 

lnUR –0.129** –2.32 0.021 W*lnUR 0.093*** 3.40 0.001 

W*lnEQI –0.081*** 3.99 0.000 
lnEQI –0.012** –2.08 0.035 

W*lnRHI 0.030*** 3.51 0.001 

Note: *** p<0.01; ** p<0.05;* p<0.1; W* lnGDPPC, W* lnPCPHE, W* lnAHCR, W* lnUR and W* lnEQI stand for 
the spatial lagging of GDPPC, PCPHE, AHCR, UR, and EQI respectively. 

Table 3 shows that the direct effects of GDPPC, PCPHE, UR, and EQI were –0.018, 
–0.016, –0.132, and –0.008 respectively. The direct effects of urbanization rate and GDPPC 
were larger and the two most important factors affecting resident health status. Every 1% 
increase in GDPPC, PCPHE, UR, and EQI would lead to improve resident health status 
0.018%, 0.016%, 0.132%, and 0.008%, respectively. Due to feedback effects between 
provinces, there was a slight difference between the elastic coefficients of GDPPC, PCPHE, 
UR, and EQI and the values of their direct effects. Part of this feedback effect was derived 
from the spatial lagging of the RHI while the other was from the spatial lagging of the ex-
planatory variables. For example, the elasticity coefficient of GDPPC was –0.017 and its 
direct effect was –0.018. The reason for this difference was partly due to the negative statis-
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tics of the W*lnGDPPC coefficient and partly due to the significantly positive spatial lag-
ging of the residents’ health index (W*lnRHI). In addition, the feedback effects of GDPPC 
and UR were 0.001 and 0.003, only accounting for 5.56% and 2.27% of their direct effects, 
clearly showing the differences in feedback effects from different human factors. 

The indirect effects of GDPPC and EQI were –0.164 and –0.362, respectively, while the 
indirect effects of the AHCR and UR were 0.125 and 0.410, respectively (Table 3). These 
results indicate that GDPPC and environmental quality had negative spillover effects, while 
AHCR and UR had positive spatial spillover effects. Therefore, increasing economic devel-
opment and improving environmental quality in the province would have a positive impact 
on the resident health status in neighboring provinces. In contrast, improving AHCR and UR 
would have a negative impact on the resident health status in neighboring provinces. For 
every 1% increase in GDPPC and EQI in a province would respectively increase the resident 
health status 0.164% and 0.362% in adjacent provinces. However, every 1% increase in 
AHCR and UR in a province would respectively decrease resident health status 0.125% and 
0.410% in neighboring provinces. In addition, the spatial lag of RHI was statistically sig-
nificant and indicated that geographic areas of the spillover effect for resident health status 
crossed provincial boundaries. 

Table 3  Estimates of key human factors direct and indirect effects 

Variable Direct effect P value Indirect effect P value 

lnGDPPC –0.018** 0.038 –0.164*** 0.009 

lnPCPHE –0.016** 0.045 0.009 0.747 

lnAHCR –0.057 0.180 0.125** 0.015 

lnUR –0.132** 0.021 0.410*** 0.001 

lnEQI –0.008** 0.011 –0.362*** 0.000 

Note: *** p<0.01; ** p<0.05; * p<0.1 

5 Conclusions and outlook 

In this study, regional differences in and key influencing factors on Chinese resident health 
status were analyzed using the coefficient of variation, Theil index, Exploratory Spatial Data 
Analysis (ESDA), and Spatial Durbin Model (SDM). The main conclusions are as follows. 

(1) From 2003 to 2013, based on the RHI, Chinese resident health status grew at a rate of 
26.98% and the growth rate was higher in the western region than in the eastern and central 
regions, reaching 32.26%. During the period, regional differences in resident health status 
generally increased: the coefficient of variation increased 24.15% and the Theil index in-
creased 72.25%. In general, differences in resident health status between regions tended to 
decrease, but within regions it tended to expand, especially in the western region. 

(2) The eastern region was dominated by above-medium and high health status provinces; 
the central region was dominated by provinces transforming from above-medium to 
above-medium and medium health status; and the western region was dominated by prov-
inces transforming from low and below-medium to medium and above-medium health status. 
The spatial distribution of resident health status generally formed a “T-shaped” pattern and 
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presented an “East-Centre-West” stepwise declining pattern and a symmetric declining to-
ward the north and south from the center.  

(3) From 2003 to 2013, both the health status hot-spot and cold-spot decreased, while the 
distribution of resident health status was generally constant, indicating spatial locking or 
path dependence. The western region was dominated by a stable cold-spot region while the 
eastern coast was dominated by a stable hot-spot region.  

(4) Economic development, public health expenditure, urbanization, environmental qual-
ity, and other human factors had a significant impact on resident health status. Among them, 
increasing economic development level, greater public health expenditures and urbanization, 
and improved environmental quality resulted in better resident health status. Due to spatial 
dependency, provincial resident health status created a feedback effect, wherein resident 
health status in a certain province can influence resident health in neighboring provinces. 

As a core problem closely related to human development, health inequality has aroused 
increasing concern worldwide. Identifying influencing factors on health inequities and re-
solving them have become popular topics in the discipline of health geography research 
(Linsheng et al., 2012; Dummer, 2008). With recent research progress showing human im-
pacts on global environmental change, investigating the effects of global environmental 
change on health should be an objective of the international community (Martens, 1996). 
Additionally, the International Human Dimension Programme on Global Environmental 
Change organized the Population Health Advisory Working Group and convened a sympo-
sium, “Towards Sustainable Global Health” to systematically focus on the impact of human 
dimensions on population health (UNU-EHS, 2008). Given this context, this study analyzed 
the changing trajectories of regional differences in Chinese resident health status from 2003 
to 2013 and the impact of key human factors on resident health status using a Spatial Re-
gression Model. The findings should provide a scientific basis for central and local authori-
ties to form appropriate and region-specific medical and health policies. However, due to 
limited data availability, this study only selected perinatal mortality, maternal mortality, and 
incidence of infectious diseases to characterize resident health status. Although the findings 
are in agreement with the conclusions in the relevant literature (Xie, 2011; Li and Xu, 2015; 
Yang et al., 2017), resident health status is multi-dimensional and additional indicators of 
resident health status need to be explored in the future. Furthermore, because the sample 
data and time nodes are relatively small, this study may not fully reveal the spatio-temporal 
characteristics of Chinese resident health status. Multi-time domain and multi-scale analyses 
of resident health status should be comprehensively conducted. In addition, this study only 
addressed the influence of economic development, public health expenditure, accessibility 
of health care resources, urbanization, and environmental quality on resident health status. In 
the future, more human factors should be taken into consideration, such as lifestyle or 
medical systems. Research on the spatialization of human dimensions, such as spatial dif-
ferences and configuration, and multiple impact mechanisms on resident health status should 
also be strengthened. Moreover, we should analyze the relationship between resident health 
status and spatial changes in human dimensions and its coupling mechanism. 
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