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Abstract: Improving life expectancy, as well as people’s health and wellbeing, is an important goal
both for the Chinese government and the United Nations. Therefore, to analyze the main factors
influencing life expectancy in prefecture-level cities in China, this study uses classical ordinary
least-squares regression and geographical weighted regression on the data of the latest census.
Moreover, regional differences induced by each influencing factor are also depicted in this study.
The results demonstrate that there is significant heterogeneity and spatial positive correlation among
the distribution of life expectancy in prefecture-level cities, with a generally higher life expectancy in
the provincial capitals and eastern China, and lower in western China. The geographically weighted
regression analysis shows that the economic development level, medical conditions, demographic
structure, natural environment, and city attributes all affect the distribution of life expectancy, but that
their effects have significant spatial heterogeneity. Life expectancy of the less developed areas in
Western China is affected dominantly by economic development level, whereas medical services
and education are of great importance in determining the life expectancy in Northern and Southern
China, respectively. Thus, it is crucial to solve health problems based on local conditions, especially
focusing on the improvement of health and health care in underdeveloped areas. Meanwhile, for the
eastern developed areas, special attention should be paid to environmental protection in the economic
process, while striving to achieve high-quality development.

Keywords: life expectancy; spatial analysis; geographically weighted regression; prefecture-level
city; China

1. Introduction

In addition to being the most important index in the evaluation of levels of health and aging,
life expectancy is also a comprehensive index used to evaluate levels of economic development,
education, and medical and health services [1]. The United Nations Sustainable Development Goals
(2015–2030) clearly put forward various measures and methods, such as reducing the global maternal
mortality, ending preventable deaths of newborns and children, reducing the death rate of various
communicable and non-communicable diseases, and deaths and injuries from road traffic accidents,
to ensure healthy living and promote wellbeing [2]. Therefore, how to scientifically measure life
expectancy in a country or region, study its influencing factors, and formulate effective government
measures to increase life expectancy and improve health and wellbeing have always been hot topics
for governments and scholars [1–5]. Many studies have shown that natural environment; the level of
economic development, education, and medical and health service; living environment; living habits;
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behavioral patterns; and marital status play an important role in life expectancy. At the same time,
there are significant differences in the factors influencing life expectancy in various countries or regions
in different developmental stages. Therefore, countries and regions need to formulate health policies
according to their own specific conditions to improve life expectancy [3,4,6–12].

Increasing life expectancy and improving people’s health and wellbeing are also important policy
objectives of the Chinese government. Since the Reform and Opening Up, life expectancy in China has
greatly increased [1,13,14]. The 13th Five-Year Plan in China proposes to increase life expectancy by
1 year from 2015 to 2020 [15]. In addition, the Healthy China Action (2019–2030) explicitly takes life
expectancy as the main indicator in the action plan [5]. Some empirical studies point out that China
covers a large territory, with local economic development varying greatly, and there are differences in
the factors influencing life expectancy in different places and at different stages of development [1,13,14].
Therefore, it is up to local governments to accurately assess life expectancy and its influencing factors,
as well as to formulate effective policies to achieve the goal of increasing life expectancy. However,
at present, China only publishes life expectancy in the national and provincial census years [16],
and studies on the influencing factors of life expectancy only reach the provincial level, lacking research
on urban and local scales, which makes it difficult to meet the needs of formulating effective policies to
improve life expectancy [1,13,14].

Since the economic reform and opening up, and with the aim of bridging the gap between
the natural environment and economic development at the provincial level, empowering central
cities to play a leading role in regional economic development, China began to implement the “city
administering counties system” as early as the 1980s [17]. After more than 30 years of development
and improvement, the prefecture-level city has become an important measure for organizing China’s
regional economic development and government public service [17–19]. In fact, education, medical and
health services, and other facilities that affect life expectancy all represent the infrastructure and public
service facilities at the city level [1,13,14]. Therefore, based on previous research and the data of the
6th census, this study discusses the spatial characteristics and influencing factors of life expectancy
in prefecture-level cities in China. Scientific research questions of this research include: (1) how to
scientifically calculate life expectancy in prefecture-level cities in China? (2) what are the factors
that affect life expectancy in contemporary China? and (3) how do the dominant factors vary across
vast China.

Following the introductory part, the structure of this paper is as follows: (1) The second part is the
literature review, mainly covering the research progress on the influencing factors of life expectancy.
(2) The third part introduces the study area, data, and methods. (3) The fourth part presents the
research results. It includes the spatial characteristics of life expectancy and the factors influencing
life expectancy in prefecture-level cities in China. (4) The fifth part presents the conclusions and
policy implications.

2. Literature Review

In recent years, studying the influence of different factors on life expectancy has become a
hot point of academic research [6,9,12,20–27]. In addition, scholars have been greatly interested
in the influence of economic development on life expectancy. According to Richard Wilkinson’s
income inequality hypothesis, the effect of economic development on health follows the law of
diminishing marginal returns, and income inequality is the main factor leading to differences in life
expectancy in developed countries, which further leads to social fragmentation and conflicts, relative
deprivation, and long-term pressure [28]. Narrowing the income gap will improve people’s health and
wellbeing [11]. Many empirical studies also show that there is no simple linear relationship between
economic development level and life expectancy [29]. In developing countries, socio-economic change
may have a greater impact on health improvement than technological progress [22]. The level of
national income, urbanization, and other socio-economic indicators contribute mostly to a healthy life
expectancy [12]. However, as the economy develops to a certain extent, living habits and behavioral
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patterns have a more important impact on life expectancy [28,29]. Thus, for China, some studies show
that the impact of economic development level on life expectancy is similar to Richard Wilkinson’s
theoretical hypothesis [28,30]. However, the difference in the economic development level between
cities is far greater than that between provinces in China. Therefore, more empirical studies are needed
on the impact of urban economic development on life expectancy.

The level and availability of medical and health resources are important factors affecting life
expectancy. In developed and developing countries, there are significant differences in the scarce
types and responsibilities of medical and health resources. Thus, in developing countries, the level of
basic public health services has an important impact on life expectancy [31]. In places where health
resources are insufficient, increasing preventive care and the availability of health care resources is
essential to increasing life expectancy. However, in developed countries, early diagnosis of chronic
diseases has an important impact on life expectancy [8]. If more equitable access to health care and
health interventions could be achieved, the gap in mortality between the black and the white could
be effectively reduced [32]. For a life expectancy of at 65 years of age, an empirical study finds that
careful care for the elderly is essential, and life expectancy at 65 years of age is significantly related
to the number of public health nurses [4]. Similarly, in China, there are differences in the level and
availability of medical and health resources among different cities.

Age structure, educational level, family size, and other indicators reflecting demographic structure
are important factors affecting life expectancy. Considering the proportion of the population aged
15–64, a higher proportion of those aged 0–14 indicates a higher birth rate in the areas that are generally
considered more backward, and also indicates a lower proportion of the population aged >65 years.
The extent of family planning can affect life expectancy in a region through its effect on the demographic
structure [33]. Furthermore, educational level is an important factor affecting life expectancy [12]. It is
generally believed that people with higher education tend to accept new things and new lifestyles faster,
have a wider range of knowledge, learn more about nutrition, health, and self-care, and have a deeper
understanding of the impact of various factors on health, which is conducive to the development of
good living habits. People with a higher educational level tend to have a higher income and better
quality of life, and also better living and sanitary conditions. Women with a higher educational level
will be less influenced by traditional ideas. They pay close attention to fewer and better births, and child
rearing will be more backed up by science, which promotes a decline in fertility and mortality rates.
Another empirical study shows that in different ethnic and gender groups, the higher the educational
level is, the longer the life expectancy [7]. Increased differences in the educational level lead to increased
differences in life expectancy [9]. Other studies have shown that the impact of family size on life
expectancy is closely related to economic development level. First, family size in developed areas is
relatively small, so it is negatively correlated with life expectancy; second, with further development
of the economy, the impact of family size on life expectancy gradually becomes significant [33].

In China, there are significant regional differences in the correlation between topographic relief
and population distribution [34]. Topography and other natural conditions have a profound impact
on human economic activities. Some empirical studies have shown that natural factors, such as
topography and climate, have a significant impact on life expectancy [35–37]. The altitude of western
China is higher than that of eastern China, with Tibet and Qinghai over 3000 m and other provinces
and regions in western China around 1000 m, while most of eastern China is below 500 m. The high
altitude, low temperature, and arid areas and sand in western China are not conducive to human
survival [13]. However, a suitable climate, including moderate temperature and rainfall, has a positive
impact on life expectancy [37,38]. Meanwhile, some studies have shown that air quality has a negative
impact on life expectancy by increasing the lung cancer mortality rate [39].

Urban location, urban population size, urban administrative scale, and other attributes of cities
are also important factors affecting life expectancy. Empirical studies show that these factors are
closely related to regional economic development level, medical conditions, and natural environment,
thus affecting life expectancy. The marginal effect of economic development on life expectancy
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presents a decreasing trend. Generally, eastern cities have a higher level of economic development,
while the central and western cities have a lower level of economic development but a faster growth
rate. Therefore, economic development plays a more significant role in improving life expectancy in
underdeveloped areas [40]. Moreover, the economic development level in the western areas is generally
poorer, which is not conducive to the improvement of people’s living standards and medical and
health conditions [41]. Compared with developed areas, the level of urbanization has a greater impact
on the difference in life expectancy among underdeveloped areas. In developed and underdeveloped
areas, the quality of medical personnel and institutions may be quite different [42]. Some studies have
also found that the climate environment in different regions of the east and west will lead to significant
differences in life expectancy [3,40].

3. Study Area, Data, and Methods

We chose China, with large differences in physiographic conditions, economic development,
medical conditions, as the study area to analyze the spatial variation in influencing factors of life
expectancy. Specifically speaking, this paper first describes the overall spatial pattern of life expectancy,
and then uses the ordinary least square (OLS) regression model to analyze the overall influencing
factors of life expectancy. After that, the OLS regression analysis is conducted in four regions,
respectively, to demonstrate the validity of the model and compare the results, which further illustrates
the necessity of using geographically weighted regression (GWR) for a more micro-scale analysis of
regional differences in factors influencing life expectancy.

3.1. Study Area

This study includes a total of 336 prefecture-level cities in China as research subjects. There are
many cities of various types, suitable as research areas and research objects. Considering the urban
population size, there are 14 megalopolises (urban population >5 million), 112 large cities (urban
population 1–5 million), and 210 small-to-medium cities (urban population < 1 million). According to
the urban administrative scale, there are four province-level cities directly under the central government,
32 sub-provincial cities, and provincial capitals, 250 prefecture-level cities, and 50 other prefectures.
According to the regional division, there are 87 cities in eastern China, 82 cities in central China, 131
cities in western China, and 36 cities in northeastern China (Figure 1).

3.2. Data

The life expectancy data are derived from the average population and number of deaths of all
ages from 336 prefecture-level cities, based on the 6th census. Census data are the only reliable source
of information about the average population and number of deaths at the city level. This is the main
reason for our selection of 2010, when the latest round of national census was conducted to do this
city-level research on life expectancy. The influencing factors in the model are mainly from the 6th
census, China Regional Economic Statistical Yearbook for 2011, China City Statistical Yearbook for
2011, and Statistical Yearbook of Provinces, also for 2011.
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3.3. Calculation of Life Expectancy

The method to calculate life expectancy is to track and investigate the group of people born at
the same time, record the death toll of each age group until the end of the last person’s life, and then
calculate life expectancy according to the number of people living up to different ages. As it is very
difficult to track the complete life cycle of a group of people born at the same time, we can often use the
mortality level of different ages in the same year to replace the mortality level of the same generation at
different ages in application. Then, we can calculate the average survival number of people of all ages,
thus calculating the life expectancy in this year. Therefore, life expectancy is related to the mortality
rate during the same period. The calculation steps of the abridged life table are as follows:

(1) Calculating age-specific mortality rate nmx:nmx = DX/PX

(2) Calculating age-specific probability of death nqx:nqx = 1 − e−n(nmx)−am3(nmx)
2
, α is the empirical

value, according to Reed–Merrell, α = 0.008.
(3) Calculating age-specific number of survivors lx and deaths 5dx, assuming l0 = 100,000.

5dx = lx × 5qx, lx+5 = lx−5 dx

(4) Calculating total person-years of survival Tx The values of each group aged 10 years and above
were calculated from the higher age group by the following formula: Tx = −0.20833lx−5 + 2.5lx +

0.20833lx+5 + 5
∞∑

α = 1
lx+5α

(5) Calculating person-years of survival 5 Lx:L0 = 0.276l0 + 0.724l1 L1 = 0.410l0 + 0.590l2 5 L5 =−0.003l0
+ 2.242l5 + 2.761l10 5 Lx = Tx − Tx+5

(6) Calculating life expectancy ex : ex = Tx/lx

In this paper, an abridged life table was compiled using the Reed–Merrell method by the Statistical
Analysis System (SAS) to calculate life expectancy in prefecture-level cities in 2010. The life expectancy
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of each age group was calculated according to the average population and number of deaths of different
age groups. The Reed–Merrell method was first proposed in 1939 [43] and it is widely used. The first
life table published publicly in China is “Abridged life table of male and female population in Beijing
city area in 1950 and 1953” by Li Guangyin in 1957 [44]. Li found that the Reed–Merrell method was
more in line with the characteristics of Chinese data [44]. Therefore, it is necessary to use this method
by SAS to compile an abridged life table.

3.4. Spatial Autocorrelation

Exploratory spatial data analysis (ESDA) is a set of statistical methods for describing and visualizing
the spatial distribution, identifying spatial atypical locations and spatial outliers, and aiming at detecting
the pattern of spatial connections and the scope and form of spatial heterogeneity [45]. The core
of exploratory spatial data analysis is the measurement of global and local spatial autocorrelation.
In this paper, the global spatial autocorrelation can be used to describe the overall spatial agglomeration
or dispersion characteristic of life expectancy, and the local spatial autocorrelation can be used to
observe the agglomeration characteristic of life expectancy at a microscopic scale more accurately.

3.4.1. Global Moran’s I index

The global Moran’s I index is usually used to study the overall trend and difference of the spatial
correlation of observed variables in the whole research area, and its formula is:

I =
n
S0

∑n
i = 1
∑n

j = 1 Wi j(Xi −X)(X j −X)∑n
i = 1 (Xi −X)

2 (1)

where n is the number of spatial units in the study area, and Xi, X j are the observations of a space unit
at point i and j; X is the mean of the observations, Wi j is spatial weight matrix, and S0 is sum of the
spatial weight matrix.

3.4.2. Local Moran’s I index

The local Moran’s I index can be used to reveal the heterogeneity between the attributes of different
spatial units in the study area, and its formula is:

Ii = Zi

n∑
i = 1

Wi jZ j (2)

where Zi, Z j are the normalized value of the observations of a space unit at point i and j, and Wi j is the
spatial weight.

Local spatial autocorrelation can be studied by Moran scatter plot [46]. Areas located in the first
quadrant of the Moran scatter plot have large observed values themselves, and nearby areas also
have large observed values. Such areas are called high-high (HH) type areas. The areas in the second
quadrant has smaller observations of its own, but the areas around have larger observations. The areas
in the second quadrant are called low-high (LH) type areas, and the other quadrants follow.

3.5. Empirical Model

3.5.1. Influencing Factors and Variable Selection

The dependent variable used in this study is life expectancy at birth in the prefecture-level cities in
2010. Considering the influencing mechanism of life expectancy mentioned above and data availability,
17 representative indicators were selected from 5 aspects—economic development level, medical
conditions, demographic structure, natural environment, and city attributes—to analyze the factors
influencing life expectancy.
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This study uses the logarithm of per capita gross domestic product and urbanization rate in the
prefecture-level cities to measure the local economic development level [12,28,30]. In terms of medical
conditions, because the allocation of personnel and beds of medical institutions in China is carried
out under the guidance of documents prepared by relevant health authorities, and the number of
health technical personnel is highly related to the number of hospital beds, health care and the infant
mortality rate are selected to measure the quality of medical and health services [8,31]. It is noteworthy
that infant mortality rate is also a component of life expectancy. The influence of this factor can also
reflect the contribution of this part to the overall pattern of life expectancy of a city. The logarithm
of per capita health expenditure is selected to measure the government investment in medical and
health services, which is conducive to solving the difficulty and high cost of obtaining medical services.
Road density is used to measure the availability of medical and health services, which is crucial to
improving life expectancy [32]. To reflect the influence of demographic factors on life expectancy,
the proportion of the population aged ≥65 years is selected to reflect the population aging, the average
years of education to reflect the educational level. At the same time, with the change of people’s
notions of life and family, the family structure has also undergone great changes over the past decades
in China, which are also probably very likely to influence life expectancy [12,33]. More importantly,
larger size of a family indicates more resources that family members can share and enjoy and more
care the elderly can get from family members, both of which are very likely to increase life expectancy.
Hence, we include family size, namely, the average number of people per household in the empirical
models. In view of the gender difference of life expectancy, the sex ratio is selected to control this
variation [7]. Furthermore, considering the large-scale internal migration and its possible influence on
life expectancy, the proportion of migrants in total population is also selected to examine the existence
of this influence. In terms of the natural environment, the average annual PM2.5 concentrations
were selected to reflect air quality, the logarithm of average altitude to measure terrain conditions,
and the perennial mean temperature to reflect the impact of temperature on life expectancy [35–37].
Meanwhile, due to the differences in the economic development level, medical conditions, and natural
environment, considering the characteristics of the city itself, this study selected the urban location,
urban population size, and urban administrative scale to measure the impact of city attributes on life
expectancy. The definitions and basic statistical characteristics of the variables are shown in Table 1.

Table 1. Definitions and descriptive statistics of variables.

Factors Variables Mean Std. Dev. Min Max

Dependent Variables

Life expectancy 76 3.45 49.66 83.52

Independent Variables

Economic
development

Per capita GDP (ln) 10.16 0.64 8.55 11.84
Urbanization rate 46.51% 17.13% 12.69% 100.00%

Medical
conditions

Health care 4.33 1.38 1.3 9.61
Infant mortality rate 0.51% 0.60% 0.02% 6.75%

Per capita health expenditure (ln) 5.78 0.37 4.17 7.27
Road density 90.99 81.11 0.43 1156.65

Demographic
structure

Aging rate 8.63% 1.93% 1.79% 16.50%
Average years of education 8.75 1.11 3.47 11.71

Average household size 3.18 0.46 2.11 5.55
Sex ratio 105.49 4.22 89.65 132.58

The proportion of migrants 4.74% 8.13% 0.11% 64.87%

Natural
environment

Average annual PM2.5 concentration 33.89 18.13 2.09 74.79
Average altitude (ln) 5.77 1.59 0.26 8.53

Perennial mean temperature 12.96 6.56 −3.52 25.54
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Table 1. Cont.

Factors Variables Mean Std. Dev. Min Max

Independent Variables

City attributes

Urban population size (ln) 4.3 0.98 0.78 7.34
The city located in Central China CC = 1 (frequency: 82), else = 0

The city located in Northeastern China NC = 1 (36), else = 0
The city located in Eastern China EC = 1 (87), else = 0

Prefecture-level cities PREC = 1 (250), else = 0
Sub-provincial cities and provincial capitals SUB_PRO/PRO = 1 (32), else = 0

Province-level cities PROC = 1 (4), else = 0

3.5.2. Geographically Weighted Regression Model

This study attempts to construct a geographically weighted regression (GWR) model of life
expectancy and its influencing factors to quantitatively analyze its spatial heterogeneity. As a local
model, GWR is an extension of the global spatial econometric model. It does not uniformly estimate the
parameters but considers the spatial non-stationarity and performs local estimation. It is a commonly
used spatial variable coefficient model that assumes that the relationship between the explained
variable and explanatory variables changes with the variation of spatial position [47].

The regression model is as follows:

Yi = β0(ui, vi) +
∑

βk(ui, vi)xik + εi i = 1, 2, . . . n (3)

where (ui, vi) is the spatial two-dimensional coordinate of the i-th sample point, and βk(ui, vi) is the
value of the continuous function βk(u, v) evaluated at point i. If there is no fluctuation in the value of
βk(ui, vi), it is proved that there is no significant spatial non-stationarity; εi is the random error of point
i, and the random error of different sample points is independent and identically distributed.

Moreover, the GWR model adds spatial weight to the surrounding samples in the local regression
of each point, which requires the spatial weight matrix between regions. In this study, the adaptive
bandwidth of the quadratic kernel function and the modified AIC (Akaike Information Criterion)
are used for regression modeling. The MGWR 2.0 is used to obtain the model results and draw the
coefficient distribution map. The magnitude and symbol of the estimated regional coefficient reflect
the degree and direction of each variable on the life expectancy in different regions.

4. Results

4.1. Spatial Distribution Characteristics of Life Expectancy in Prefecture-Level Cities

First, the spatial autocorrelation of life expectancy and its explanatory variables were tested.
The Moran’s I index and standardized Z score of global autocorrelations were calculated by GeoDa.
The results show that all variables have significant spatial autocorrelation, which proves the necessity
of using a spatial regression model (Table 2).

As it can be seen from Table 2, in 2010, the minimum life expectancy in a prefecture-level city in
China was 49.66, which was in the Yushu Tibetan Autonomous Prefecture of Qinghai. This may be
related to the massive earthquake disaster that occurred in Yushu in 2010, which caused many deaths.
The maximum value is 83.52, which was in Xining of Qinghai, with a difference of 33.86 years from the
minimum. The standard deviation of life expectancy in prefecture-level cities is 3.45, and the average
value is 76. Moreover, as shown in Figure 2, there are significant spatial differences in the distribution
of life expectancy.
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Table 2. Global spatial autocorrelation analysis results.

Variables Moran’s I Z(I) P

Life expectancy 0.424 12.535 0.001
Per capita GDP 0.396 11.961 0.001

Urbanization rate 0.402 12.107 0.001
Health care 0.292 8.627 0.001

Infant mortality rate 0.434 13.48 0.001
Per capita health expenditure 0.402 11.942 0.001

Road density 0.245 8.962 0.001
Aging rate 0.644 19.003 0.001

Average years of education 0.533 15.784 0.001
Average household size 0.572 16.677 0.001

Sex ratio 0.425 12.233 0.001
The proportion of migrants 0.572 17.165 0.001

Average annual PM2.5 concentration 0.894 26.035 0.001
Average altitude 0.905 27.102 0.001

Perennial mean temperature 0.933 26.908 0.001
Urban population size 0.086 2.742 0.013
Prefecture-level cities 0.276 8.136 0.001

Sub-provincial cities and provincial capitals −0.081 −2.218 0.007
Province-level cities 0.087 2.814 0.032
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Considering the distribution of life expectancy in prefecture-level cities in 2010, it can be divided
into four grades based on quartiles. The first grade includes the areas with the highest life expectancy
(77.55–83.52), mainly concentrated in provincial capitals and eastern coastal cities. Among them,
there are 49 megalopolises and large cities, accounting for 39% of the total number, which are closely
related to the advanced economy and medical conditions in these areas. The second grade includes the
areas with the second highest life expectancy (76.73–77.54), mainly around provincial capitals, 78% of
which are distributed in eastern China, northeast China, and central China. There are 39 megalopolises
and large cities, accounting for 31% of the total. The third grade includes the areas with higher life
expectancy (75.38–76.72). Among them, there are 30 megalopolises and large cities, accounting for 24%
of the total. The fourth grade includes the areas with the lowest life expectancy (49.66–75.37), 82% of
which are distributed in western China. Tibet, Yunnan, Guizhou, and western Sichuan in southwest
China, and Ningxia, western Xinjiang, southern Gansu, southern Qinghai, and northern and southern
Shaanxi in northwest China are the main gathering areas, which generally have relatively backward
economic development, high altitude, and high infant mortality rate (Figure 2).
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Further cluster analysis of local indicators of spatial association (LISA) shows that the high-value
agglomeration areas of life expectancy are mainly distributed in the eastern coastal areas and the central
and western regions of Inner Mongolia. The central and western regions of Inner Mongolia are important
regions for the implementation of the great western development strategy, of which industrialization
and urbanization have developed rapidly in recent years. The low-value agglomeration areas are
mainly distributed in Tibet, western Xinjiang, Qinghai, southern Gansu, western Sichuan, Yunnan,
and other higher-ground and underdeveloped areas. Overall, the low value is mainly concentrated in
the southwest, and the high value is mainly distributed along the eastern coastal areas. The spatial
analysis at the prefecture level can reveal the intra-provincial differences in life expectancy, especially
in some provinces with large internal differences in social and economic development. For example,
life expectancy in northern Gansu and northern Ningxia is higher than that in the south, and life
expectancy in northern and southern Shaanxi is significantly lower than that in the central plain.
In addition, life expectancy in eastern Xinjiang is significantly higher than that in the west. Thus,
the spatial pattern of life expectancy has obvious spatial heterogeneity, so it is difficult to predict a
universal explanation model. The GWR model focused on spatial heterogeneity has more potential to
provide a reasonable explanation for this phenomenon (Figure 3).
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4.2. Analysis of Factors Influencing Life Expectancy

To investigate the factors influencing life expectancy, a global ordinary least-squares (OLS)
regression analysis was first conducted in this study. Table 3 shows the OLS regression results.

There is a significant positive correlation between per capita GDP and life expectancy in
prefecture-level cities, which supports the view that the economic development level played an
important role in life expectancy in previous studies [22,28–30].

The quality of medical and health services has a significant impact on life expectancy. The number
of health technical personnel per thousand has no significant effect on life expectancy. The infant
mortality rate is the most influential variable with a regression coefficient of −0.336, indicating that the
higher the infant mortality rate, the lower the life expectancy [48]. On the one hand, this result indicates
the great contribution of infant mortality as a part of overall life expectancy to the latter. On the other
hand, infant mortality rate is an important indicator reflecting the levels of health, social and economic
development, and medical technology of a country or nation, and it is an especially important indicator
of the maternal and child health care level, which also shows that the improvement in medical and
health service quality is of great significance for health improvement.
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The average years of education and average household size have a significant impact on life
expectancy. The standardized regression coefficient of average years of education is positive, indicating
that the higher the educational level, the better the health conditions, thus verifying the results of
previous studies [7,9,12,42]. People with a higher educational level will learn more about nutrition
and self-care, which is conducive to the development of good living habits. At the same time, women
with higher educational levels will be less influenced by traditional ideas. They pay attention to
fewer and better births, and child rearing will be more based on science, which promotes a decline
in fertility and mortality rates [33,42,48,49]. The average household size has a significant negative
impact on life expectancy, that is, the smaller the family size, the longer the life expectancy. Generally,
family size in developed areas is relatively small, so it is negatively correlated with life expectancy [33].
At the same time, the high cost of education and living in modern society leads to the high cost of
childrearing. Therefore, parents with fewer children have less economic and mental pressure, and their
life expectancy is relatively long. In addition, the modern relatively perfect medical security system
and higher level of pension welfare encourage older people in cities to live separately from their
children, which also means the formation of a new supporting model, thus reducing intergenerational
friction [49]. However, the negative association between family size and life expectancy may not be the
case all across China for the great variation in socioeconomic development and healthcare conditions.
Sex ratio and the proportion of migrants do not have significant effect on life expectancy in the OLS
regression. On the whole, there is a negative correlation between the sex ratio and life expectancy.
The higher the sex ratio, the greater the proportion of the male who generally have a lower level of
average life expectancy than that of female [7]. In this sense, this negative correlation, though not
significant, is reasonable. Furthermore, the influence factors of life expectancy are very likely to vary
across gender, which might be an important issue to be addressed in future research when more
detailed data are available.

Temperature conditions also has a significant impact on life expectancy. The standardized
regression coefficient of perennial mean temperature is 0.234, which indicates that the higher the
perennial mean temperature, the longer the life expectancy (Table 3). This may be due to the special
natural and geographical environment of China. The perennial mean temperature is generally lower in
the western regions with higher terrain and less development, while the perennial mean temperature is
generally higher in the lower-lying and more developed eastern regions. However, the effect of average
altitude on life expectancy is not very significant. This may be because China has a vast territory with
complicated topography. Therefore, the influence of average altitude on life expectancy in different
regions may vary, which finally leads to insignificant results in global OLS regression. This further
illustrates the importance of local regression considering spatial heterogeneity.

Table 3. OLS regression results.

Variables
Standardized Coefficient

Model 1 Model 2 Model 3

Per capita GDP (ln) 0.111 * 0.162 **
(0.341) (0.382)

Urbanization rate
0.002 −0.026

(0.014) (0.015)

Health care
0.012 −0.004

(0.155) (0.164)

Infant mortality rate −0.335 *** −0.336 ***
(0.253) (0.263)

Per capita health expenditure (ln) 0.007 0.007
(0.443) (0.499)



Int. J. Environ. Res. Public Health 2020, 17, 6597 12 of 24

Table 3. Cont.

Variables
Standardized Coefficient

Model 1 Model 2 Model 3

Road density −0.004 0.001
(0.002) (0.002)

Aging rate 0.013 0.029
(0.106) (0.112)

Average years of education 0.290 *** 0.272 ***
(0.219) (0.224)

Average household size −0.204 *** −0.196 ***
(0.473) (0.488)

Sex ratio
−0.004 −0.014
(0.038) (0.040)

The proportion of migrants −0.027 0.010
(0.024) (0.027)

Average annual PM2.5 concentration −0.095 −0.117
(0.013) (0.014)

Average altitude (ln) −0.081 −0.073
(0.137) (0.156)

Perennial mean temperature 0.208 *** 0.234 ***
(0.026) (0.033)

Urban population size (ln) 0.014 0.039
(0.197) (0.238)

The city located in Central China 0.195 *** 0.062
(0.440) (0.396)

The city located in Northeastern China 0.173 *** 0.045
(0.564) (0.626)

The city located in Eastern China 0.260 *** −0.035
(0.438) (0.460)

Prefecture-level cities
0.384 *** −0.044
(0.503) (0.487)

Sub-provincial cities and provincial capitals 0.452 *** −0.028
(0.688) (0.75)

Province-level cities
0.177 *** −0.020
(1.534) (1.458)

Constant
72.053 *** 67.514 *** 65.54 ***

(0.410) (6.120) (6.597)

Adj-R-squared 0.298 0.631 0.630

F 24.755 39.173 28.123

Notes: Standard error listed in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1.

OLS regression analysis is then conducted in eastern, central, western and northeastern China,
respectively. The results show great variation in influencing factors of life expectancy across these
four regions with different locations, policy contexts, and socioeconomic development levels (Table 4).
For eastern China, the infant mortality rate, average household size, average years of education,
the proportion of migrants, air quality and average altitude are all important factors of life expectancy.
However, average years of education and temperature are the most important for life expectancy in
northeastern China. These results further illustrate the necessity of using GWR for a more micro-scale
analysis of influencing factors on life expectancy.
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Table 4. Results of OLS regression by region.

Variables
Standardized Coefficient

Eastern Central Western Northeastern

Per capita GDP (ln) 0.057 0.269 0.330 ** 0.272
(−0.324) (−0.427) (−1.038) (−0.667)

Urbanization rate
−0.026 0.103 −0.182 0.558

(−0.009) (−0.026) (−0.042) (−0.038)

Health care
0.183 0.236 0.021 −0.368

(−0.132) (−0.185) (−0.322) (−0.415)

Infant mortality rate −0.260 *** −0.106 −0.305 *** −0.001
(−0.844) (−0.480) (−0.454) (−2.467)

Per capita health
expenditure (ln)

−0.116 −0.004 0.016 0.535 *
(−0.330) (−0.542) (−1.120) (−1.509)

Road density 0.062 −0.325 ** 0.035 −0.904 *
(−0.002) (−0.004) (−0.003) (−0.02)

Aging rate 0.177 0.605 *** −0.091 0.572 *
(−0.084) (−0.117) (−0.285) (−0.227)

Average years of education 0.230 ** 0.179 *** 0.350 *** 0.259 ***
(−0.198) (−0.290) (−0.462) (−0.773)

Average household size −0.323 *** 0.228 *** −0.142 * 0.749
(−0.357) (−0.638) (−1.163) (−2.058)

Sex ratio
0.046 0.079 −0.094 0.027

(−0.029) (−0.036) (−0.086) (−0.16)

The proportion of migrants 0.302 ** 0.123 0.023 −0.065
(−0.016) (−0.170) (−0.109) (−0.131)

Average annual PM2.5
concentration

−0.282 ** 0.605 ** −0.045 0.23
(−0.009) (−0.023) (−0.047) (−0.048)

Average altitude (ln) −0.194 * * 0.095 0.041 −0.296
(−0.097) (−0.266) (−0.557) (−0.272)

Perennial mean temperature 0.172 * −0.009 *** 0.302 *** 0.249 ***
(−0.032) (−0.05) (−0.079) (−0.149)

Constant
75.061 *** 55.288 *** 55.324 *** 35.268
(−5.950) (−7.603) (−16.988) (−22.891)

Adj-R-squared 0.749 0.49 0.569 0.182

F 19.326 6.555 13.246 1.555

Notes: Standard error listed in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1.

Table 5 shows the GWR regression results. The AICc (the modified AIC) value obtained from
the fitting results is 623.047, which is smaller than that of the global regression model (647.464).
The adjusted R-square value of the model increases from 0.626 (OLS) to 0.681, which indicates that the
fitting degree of the model is greatly improved considering spatial heterogeneity, and the effects of
these variables are unevenly distributed in space.
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Table 5. Descriptive analysis of the GWR model regression coefficient.

Variables Min Lower Quartile Median Upper Quartile Max Average

Per capita GDP (ln) −0.040 −0.003 0.039 0.185 0.503 0.102
Urbanization rate −0.479 0.049 0.095 0.122 0.218 0.052

Health care −0.182 −0.102 −0.058 −0.017 0.134 −0.058
Infant mortality rate −0.648 −0.460 −0.354 −0.280 −0.232 −0.375

Per capita health expenditure (ln) −0.038 −0.012 0.005 0.030 0.112 0.013
Road density −0.018 −0.001 0.009 0.046 0.256 0.035

Aging rate −0.207 −0.067 −0.005 0.034 0.088 −0.023
Average years of education 0.215 0.267 0.299 0.330 0.414 0.298

Average household size −0.436 −0.294 −0.236 −0.181 −0.116 −0.246
Sex ratio −0.117 −0.041 −0.010 0.003 0.011 −0.023

The proportion of migrants −0.160 −0.066 −0.023 0.019 0.062 −0.029
Average annual PM2.5 concentration −0.361 −0.104 −0.059 −0.041 −0.017 −0.090

Average altitude (ln) −0.124 −0.094 −0.081 −0.053 0.040 −0.074
Perennial mean temperature 0.163 0.213 0.237 0.288 0.397 0.254
Urban population size (ln) 0.014 0.040 0.059 0.080 0.130 0.063

Prefecture-level cities −0.160 −0.059 −0.029 0.003 0.056 −0.032
Sub-provincial cities and provincial capitals −0.173 −0.078 −0.040 −0.023 0.166 −0.042

Province-level cities −0.087 −0.053 −0.038 −0.031 −0.016 −0.043
Intercept −0.087 −0.063 −0.047 −0.038 0.033 −0.046

The range of residuals of the local regression model at the prefecture-level city is [−3.91, 2.62],
of which more than 95% is in [−2.58, 2.58]. Therefore, the residual of the GWR model is randomly
distributed at the 5% significance level. From the spatial distribution of the residuals, it can be
seen that only four prefecture-level cities failed to pass the residual test. Furthermore, the spatial
autocorrelation test of the residual shows that Moran’s I is 0.052, indicating that there is almost no
spatial autocorrelation in the residual of the GWR model fitting results, and the overall effect of the
model is very good. The following is the heterogeneity of the effect on life expectancy by means of the
coefficient spatial distribution map of each variable, and then to discuss the underlying mechanism.

4.2.1. Influence of Economic Development Level

Figure 4 depicts the spatial distribution of the regression coefficient of per capita GDP and
urbanization rate, both of which show an obvious east–west differentiation. There is a significant
positive correlation between per capita GDP and life expectancy, with the regression coefficient
increasing gradually from east to west. It fully demonstrates the marginal diminishing effect of the
economic development level on health [28]. In general, economic development will have a greater
impact on life expectancy, but when the economy has developed to a certain extent, the growth curve
of life expectancy becomes extremely gentle, and improvements must be made in medical treatment,
education, living habits, and behavior patterns to effectively increase life expectancy [29]. The level
of urbanization has no significant effect on life expectancy in the global OLS regression, but its effect
also shows an obvious east–west differentiation. The coefficients for Yunnan, Tibet, Sichuan, Qinghai,
Xinjiang, Gansu, and other less-developed western regions are generally negative, while those of other
regions are generally positive, with Shaanxi and Shanxi being the highest. The offset of negative
and positive effects leads to insignificant global regression. This shows that economic development
does not necessarily result in an increase in life expectancy [50]. The environmental negative effects
of urbanization and the society turbulence and cultural conflicts that may be brought about by the
massive influx of population into cities weaken its positive effects and may have a negative impact on
life expectancy.

The life expectancy of the Chinese people can continue to increase under the condition that per
capita income still has great potential for growth, but considering the marginal diminishing effect of
economic development level on health determines—that in order to improve life expectancy faster and
more effectively, and reduce the health differences among regions—we should pay close attention to
the economic development of the western underdeveloped areas and focus on the possible negative
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influence on life expectancy in the process of economic flow, such as air pollution, environmental
damage, society turbulence, and cultural conflicts (Figure 4).Int. J. Environ. Res. Public Health 2020, 17, x 14 of 23 

 

 

Figure 4. Spatial variation of regression outputs from the GWR model: (a) per capita GDP (ln); (b) 
urbanization rate. 

4.2.2. Influence of Medical Conditions 

The impact of health technical personnel per thousand on life expectancy is not significant in the 
global OLS regression, but it is negative in the local regression. This is contrary to the empirical 
knowledge of most people. The possible explanations for this differentiation are as follows: first, 
medical resources are wasted and the utilization efficiency is low due to geography, traffic conditions, 
population density, and economic capacity. Second, the quality of the medical staff may be poor in 
less developed areas [42,51]. Third, there may be a lag effect in the investment of medical and health 
resources on life expectancy (Figure 5). 

 

 
Figure 5. Spatial variation of regression outputs from the GWR model: (a) health care; (b) infant 
mortality rate; (c) per capita health expenditure (ln); and (d) road density. 

Figure 4. Spatial variation of regression outputs from the GWR model: (a) per capita GDP (ln);
(b) urbanization rate.

4.2.2. Influence of Medical Conditions

The impact of health technical personnel per thousand on life expectancy is not significant in
the global OLS regression, but it is negative in the local regression. This is contrary to the empirical
knowledge of most people. The possible explanations for this differentiation are as follows: first,
medical resources are wasted and the utilization efficiency is low due to geography, traffic conditions,
population density, and economic capacity. Second, the quality of the medical staff may be poor in
less developed areas [42,51]. Third, there may be a lag effect in the investment of medical and health
resources on life expectancy (Figure 5).
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Furthermore, there is a significant negative correlation between the infant mortality rate and life
expectancy in prefecture-level cities in China. The regression coefficient gradually decreases from the
south to north with some cities along the southeast coast reaching the maximum, and some cities in
western Inner Mongolia reaching the minimum value, which indicates that the quality of medical
and health services has a greater impact on life expectancy in northern China. This may be due to
the higher socioeconomic development level, higher level of medical and health services in the south,
especially in the well-developed coastal areas, and that the infant mortality rate has generally dropped.
The population driving the continuous growth of life expectancy will be transferred to the elderly
population aged >60 years in the future [52].

The effect of per capita expenditure for public health and road density on life expectancy is not
significant in the OLS regression. In the local regression, the regression coefficient gradually increases
from the east to west. This shows that the government’s investment in medical and health care has a
greater impact on the improvement of health conditions in western underdeveloped areas. At the same
time, in Tibet, Qinghai, southwest Xinjiang, northwest Sichuan, southern Gansu, southern Shaanxi,
and other remote, higher altitude, and transportation inconvenient areas, the availability of medical
and health services also has a relatively greater impact on life expectancy. The more convenient
transportation is, the more conveniently residents receive get the medical and health services they need.
This shows that it is not enough to focus only on the quantity of health services, but the availability of
medical and health services is of great significance to the improvement of life expectancy, especially in
remote mountainous areas where transportation is difficult.

4.2.3. Influence of Demographic Structure

There is a significant positive correlation between average years of education and life expectancy.
The regression coefficient of average years of education showed a trend of gradual increase from east
to west, from north to south, with the western areas (most of the prefecture-level cities in Tibet and
Xinjiang) being the largest, and the coastal cities in northeast China reaching the minimum value.
This shows that this segment has a greater impact on the western areas with lower educational levels,
and improving the educational situation of poorer areas, especially basic education and women’s
educational level, is conducive to reducing the infant mortality rate and improving health conditions
(Figure 6).
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The average household size shows a negative correlation with life expectancy, while the significance
of this relationship is uneven across the country. From the OLS regression results above, we can see
that the smaller the family size, the longer the life expectancy. A possible explanation lies in the role of
family size as an important representation of regional development and modernization as described
above and in previous literature [49]. The result of the local regression indicates a more complex
story. The coefficient increases gradually from the central and northern regions to the southwest and
southeast regions, indicating that family size has a greater impact on life expectancy in northern China.
For the influence of family planning, fertility concepts, and views of marriage, these regions often
have a lower level of fertility and higher level of aging than their southern counterparts. Apart from
the modernization hypothesis, there exists another theory on the association between family size
and life expectancy, namely the resource sharing and family care as presented in the variable section.
The spatial variation of the regression result indicates that the two hypotheses are relatively balanced
in southern China, while the former dominant in the north. The results also imply that the relationship
between family size and life expectancy is probably more complicated than our expectation. The spatial
analysis not only raises the necessity to further explore the mechanism of this relationship in future
studies but also reminds us to pay more attention to regional heterogeneity in economic development
and healthcare system.

The aging rate has no significant effect on life expectancy in the OLS regression, of which the
regression coefficient gradually increases from the western underdeveloped areas to the well-developed
coastal areas. The aging rate largely reflects the level of regional economic development. Generally,
the more developed the economy is, the higher the level of aging. For the eastern coastal areas,
the higher aging level reflects a higher level of economic development and life expectancy. For the
northwest, southwest, and other mountainous areas, the aging rate has a negative impact on life
expectancy. The possible reasons are as follows: first, theoretically, aging itself is marked by a decline in
health; second, these areas are mountainous, remote, less polluted, have fresh air, and may have more
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long-lived elderly people, as well as a high level of aging. However, poorer economic development and
medical conditions lead to higher mortality rates among low-age groups and lower life expectancy [13].
At the same time, the higher aging level leads to the economic burden caused by a rapid increase in
diseases and medical service utilization demand, which has a continuous impact on the already weak
economic and health development.

Although the overall effect of the sex ratio on life expectancy is not significant in the OLS regression
results, its spatial variation is considerable. In the less developed western region, the negative correlation
between sex ratio and life expectancy are significant, while this correlation is neglectable in central
China and even positive in the coastal regions though with relatively low level of statistical significance.
This spatial variation deserves in-depth investigation when more detailed data on gender difference are
available. In the vast northeastern regions and Tibet, the higher the proportion of migrants, the higher
life expectancy is. The possible explanation is that the population outflow in northeastern regions is
serious in recent years, and the increase of the proportion of migrants means attracting more human
resources, which is conducive to the development of local economy, thus improving life expectancy.

4.2.4. Influence of Natural Environment

Overall, there is a significant negative correlation between air quality and life expectancy in most
areas [39]. The regression coefficient decreases gradually from the east to west, which indicates that air
quality has a greater impact on life expectancy in western areas. This may be because the air quality
in the west is better than that in the east now, but the economy is in the stage of rapid development
in western China, which may cause great environmental pollution and have a greater negative effect
on health at a certain stage. Overall, there is a positive correlation between temperature and life
expectancy. The regression coefficient gradually decreases from the west to east, indicating that the
influence of temperature on life expectancy in the west is greater than that in the east (Figure 7).
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Overall, the impact of average altitude on life expectancy is negative, and the regression coefficient
gradually decreases from the northwest to southeast. For most prefecture-level cities in the southeast
regions, average altitude has a significant negative impact on life expectancy. However, in the global
OLS regression, the influence of average altitude on life expectancy is not significant.

4.2.5. Influence of City Attributes

Overall, the larger the urban size, the higher the life expectancy. The regression coefficient
gradually decreases from the central north to the southwest and southeast. Generally, larger cities mean
higher levels of economic development, better medical and health services, and higher educational
level, which is beneficial to the improvement of life expectancy (Figure 8).
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As shown in Figure 8, in northeastern China, life expectancy in prefecture-level cities is higher
than that in other prefectures. Life expectancy in prefecture-level cities is lower than that of other
prefectures in other regions. The influence of sub-provincial cities and provincial capitals on life
expectancy shows an obvious east–west differentiation, with negative effects in eastern regions and
positive effects in central and western regions. This shows that life expectancy in sub-provincial cities
and provincial capitals in the east is lower than that of other prefectures, but in the west, life expectancy
in sub-provincial cities and provincial capitals is higher than in other prefectures. Life expectancy in
province-level cities is lower than in other prefectures.

This shows that for the less developed areas, life expectancy in cities with higher administrative
ranks is higher than in cities with lower administrative ranks, and for the more developed areas,
life expectancy in cities with higher administrative ranks is lower than in cities with lower administrative
ranks. A possible explanation is that in the eastern developed areas, with the continuous development
of industrialization, many cities have seen a sharp decline in green space and even serious industrial
wastewater and gas pollution. Along with the improvement of people’s living standards, the quality
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of living environment has declined, which is a factor that appears with social development to affect
people’s quality of life, and thus may affect life expectancy [49]. At the same time, a fast-paced lifestyle
may bring great pressure to people and affect their physical and mental health. However, for the
underdeveloped areas, the main factors restricting life expectancy are still economic development
and medical conditions, and there is still much room for economic development, which can greatly
improve health.

4.3. Spatial Variation of Dominant Factors

The GWR model with local estimation can be used to compare the differences in the dominant
factors of life expectancy. Figure 9 shows the factors with the largest absolute value of the standardization
coefficient in the estimation results in the prefecture-level cities and finds two obvious characteristics.
First, the differences in the leading factors of life expectancy in different regions are very obvious,
which again confirms the heterogeneity of influencing factors in this study and the applicability and
advantages of the GWR model. Second, the regional spatial connectivity characteristics dominated by
each factor are obvious, which is closely related to the spatial continuity of geographical and cultural
background factors, also explaining the rationality of the results (Figure 9).
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Specifically, economic development level dominates life expectancy in Tibet, Southern Xinjiang,
Qinghai, Western Sichuan, and other places because the economic development of these areas is
relatively backward, and there is still much room for economic development to improve life expectancy.
The leading influence of medical conditions is mainly reflected in northeast and north China, Gansu,
Ningxia, Shaanxi, Henan, Shandong, Jiangsu, Zhejiang, Hubei, and other places, and the main factor is
infant mortality rate. Educational level has a greater impact on the distribution of life expectancy in
southern China.

5. Conclusions and Policy Implications

Based on the data of the 6th census from 2010, this study analyzes the spatial distribution
characteristics of life expectancy and the spatial heterogeneity of its influencing factors. Although
economic development level, medical conditions, demographic structure, natural environment,
and other factors will affect life expectancy, the GWR model results show that the influence of these
factors has significant spatial differentiation.

Economic development is an important factor affecting life expectancy. Effects of the economic
development level on health follow the law of marginal decline [28]. Under the condition that per capita
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income still has great growth potential, life expectancy can continue to increase. Socioeconomic changes
may have a greater impact on health improvement, especially in underdeveloped areas [22]. At the
same time, economic development to a certain degree may bring about negative environmental
effects, and there is an inverted U-shaped relationship between economic development and
environmental quality.

Among the related factors of medical conditions, in general, an increase in the number of medical
and health services will have a positive impact on life expectancy, especially in areas where medical
resources are insufficient. Increasing the quantity of medical resources is crucial for improving
life expectancy. However, at the same time, it is also affected by the quality, utilization level,
and availability of medical and health services in prefecture-level cities. The infant mortality rate
reflects the level of medical and health technology, which has a significant negative impact on life
expectancy. Considering the spatial heterogeneity, we can find that the impact of this rate varies across
different regions. Although in the global OLS regression the per capita expenditure for public health
and road density have no significant effect on life expectancy, in the local regression it is found that
increasing government investment in medical and health services can greatly improve life expectancy
in western underdeveloped areas, and the improvement of traffic conditions in western mountainous
areas can improve life expectancy by enhancing the availability of medical and health services.

The average educational level and family size have a significant impact on life expectancy, and the
degree of influence is different in different regions. The average years of education has a greater
impact on the western regions with lower educational levels. Improving the education status of
underdeveloped areas, especially basic education and women’s educational level, is conducive to
reducing the infant mortality rate and improving the health level. Family size has a significant negative
correlation with life expectancy, but the degree of influence varies across regions. We also find that in
the global OLS regression the aging level has no significant impact on life expectancy, but in the local
regression the aging level in different regions has different degrees of impact. This is especially true
in recent years, when the infant mortality rate is generally low, and the elderly play an increasingly
important role.

We also find that in the global OLS regression, perennial mean temperature has significant positive
effects on life expectancy. However, when considering the spatial heterogeneity of the effects, the impact
model will be much more complex. The impact effect is positive in some areas and negative in others,
which is related to the local natural environment and economic development.

There are great differences in life expectancy in cities with different locations, urban scales,
and administrative levels. In the local regression analysis, it was found that for the less developed
areas, life expectancy in cities with higher administrative ranks is higher than in cities with lower
administrative ranks. However, for more developed areas, life expectancy in cities with higher
administrative ranks is lower than in cities with lower administrative ranks. This reminds us that
appropriate measures should be taken to improve life expectancy in underdeveloped areas and the
more developed areas according to the local conditions, so as to increase life expectancy most efficiently
and reduce regional health differences.

To sum up, economic development dominates the distribution of life expectancy in southwest
and northwest China, whereas medical conditions largely determine the regional differences in
life expectancy in northeast and northern China, Ningxia, Shaanxi, and other surrounding areas.
Educational level has a great impact on the distribution of life expectancy in southern China.

Therefore, to successfully accomplish the “Healthy China 2030” plan and the United Nations
Sustainable Development Goals to improve life expectancy, measures should be adjusted to local
conditions to solve health problems, especially focusing on promoting the improvement of health
conditions in underdeveloped areas. First, we should vigorously develop the economy of such
areas, pay much attention to the quality level of economic development, strive to achieve high-level
coordinated development, and focus on the negative environmental effects that may be caused in the
process of economic development. Second, we should not only pay attention to the quantity of medical
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and health services, but also pay more attention to the quality, utilization level, and availability of
medical and health services. Especially for remote mountainous areas with inconvenient transportation,
we should strengthen the construction of transportation facilities. At the same time, we should increase
government investment in medical and health care, improve the medical security system, and do our
best to improve the problem of difficult and expensive medical treatment. Third, we should pay close
attention to the situation with education in underdeveloped areas, striving to realize universal primary
education for all and improve women’s educational level. Finally, we should pay attention to the
health problems of the elderly, improve their medical and health care level, and vigorously reduce
their mortality rate. We should seize the opportunity for the development of the western region to
strengthen the population and family planning in the western provinces, to reduce the fertility rate,
to change the traditional concepts, thus reducing family size.

With the continuous development of the economy, the environment, living habits, and behavioral
patterns have gradually become new important factors affecting life expectancy [28,29]. In particular,
in the eastern industrial developed areas, in the process of developing the economy the government
and enterprises should pay special attention to the relationship between the cost-effectiveness of
economy and the environment, considering policy choices from a long-term perspective [49]. At the
same time, encouraging more positive and healthy living habits and behaviors is also important.

Author Contributions: Conceptualization, D.H. and T.L.; methodology, D.H., T.L. and S.Y.; software, S.Y.;
validation, D.H., S.Y.; formal analysis, S.Y.; resources, D.H.; data curation, D.H. and S.Y.; writing—original draft
preparation, D.H. and S.Y.; writing—review and editing, T.L. and D.H.; visualization, S.Y.; supervision, D.H. and
T.L.; project administration, D.H.; funding acquisition, D.H. and T.L. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by the National Natural Sciences Fund of China (41801146, 41741009,
41701462), Humanities and Social Sciences Fund of Ministry of Education of China (18YJC840022), and UKRI’s
Global Challenge Research Fund (ES/P011055/1).

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Wu, Y.; Hu, K.; Han, Y.; Sheng, Q.; Fang, Y. Spatial Characteristics of Life Expectancy and Geographical
Detection of Its Influencing Factors in China. Int. J. Environ. Res. Public Health 2020, 17, 906. [CrossRef]
[PubMed]

2. UN. United Nations Sustainable Development Goals. 2015. Available online: https://www.un.org/

sustainabledevelopment/zh/ (accessed on 9 September 2020).
3. Woods, L.M.; Rachet, B.; Riga, M.; Stone, N.; Shah, A.; Coleman, M.P. Geographical variation in life expectancy

at birth in England and Wales is largely explained by deprivation. J. Epidemiol. Community Health 2005,
59, 115–120. [CrossRef]

4. Okamoto, K. Life expectancy at the age of 65 years and environmental factors: An ecological study in Japan.
Arch. Gerontol. Geriatr. 2006, 43, 85–91. [CrossRef] [PubMed]

5. HCAPC. Health China Action Promotion Committee: Healthy China Initiative 2019–2030. Available online:
http://www.gov.cn/xinwen/2019-07/15/content_5409694.htm (accessed on 9 September 2020).

6. Cockerham, W.C. The social determinants of the decline of life expectancy in Russia and Eastern Europe:
A lifestyle explanation. J. Health Soc. Behav. 1997, 38, 117–130. [CrossRef]

7. Lin, C.C.; Rogot, E.; Johnson, N.J.; Sorlie, P.D.; Arias, E. A further study of life expectancy by socioeconomic
factors in the National Longitudinal Mortality Study. Ethn. Dis. 2003, 13, 240–247.

8. Perenboom, R.J.M.; van Herten, L.M.; Boshuizen, H.C.; van den Bos, G.A.M. Life expectancy without chronic
morbidity: Trends in gender and socioeconomic disparities. Public Health Rep. 2005, 120, 46–54. [CrossRef]

9. Meara, E.R.; Richards, S.; Cutler, D.M. The gap gets bigger: Changes on mortality and life expectancy,
by education, 1981–2000. Health Aff. 2008, 27, 350–360. [CrossRef]

10. Leon, D.A. Trends in European life expectancy: A salutary view. Int. J. Epidemiol. 2011, 40, 271–277.
[CrossRef]

http://dx.doi.org/10.3390/ijerph17030906
http://www.ncbi.nlm.nih.gov/pubmed/32024116
https://www.un.org/sustainabledevelopment/zh/
https://www.un.org/sustainabledevelopment/zh/
http://dx.doi.org/10.1136/jech.2003.013003
http://dx.doi.org/10.1016/j.archger.2005.09.005
http://www.ncbi.nlm.nih.gov/pubmed/16290095
http://www.gov.cn/xinwen/2019-07/15/content_5409694.htm
http://dx.doi.org/10.2307/2955420
http://dx.doi.org/10.1177/003335490512000109
http://dx.doi.org/10.1377/hlthaff.27.2.350
http://dx.doi.org/10.1093/ije/dyr061


Int. J. Environ. Res. Public Health 2020, 17, 6597 23 of 24

11. Pickett, K.E.; Wilkinson, R.G. Income inequality and health: A causal review. Soc. Sci. Med. 2015, 128, 316–326.
[CrossRef]

12. Kim, J.I.; Kim, G. Country-Level Socioeconomic Indicators Associated with Healthy Life Expectancy: Income,
Urbanization, Schooling, and Internet Users: 2000–2012. Soc. Indic. Res. 2016, 129, 391–402. [CrossRef]

13. Li, R.; Tan, J.; Wang, W.; He, Y. The yearly change and regional difference of population life-span in China.
Hum. Geogr. 2000, 15, 1–6.

14. Guo, Y. Analysis of spatio-temporal changes in life expectancy and its influencing factors in China. Chin. J.
Health Policy 2018, 11, 44–49.

15. SCPRC. The State Council of the People’s Republic of China: The 13th Five-Year Plan on Hygiene and Health.
2016. Available online: http://www.gov.cn/zhengce/content/2017-01/10/content_5158488.htm (accessed on
9 September 2020).

16. NBS. National Bureau of Statistics: Notice of the Sixth National Census. 2011. Available online: http:
//www.stats.gov.cn/ztjc/zdtjgz/zgrkpc/dlcrkpc/dlcrkpczl/index_1.html (accessed on 9 September 2020).

17. Ma, L.J.C. Urban administrative restructuring, changing scale relations and local economic development in
China. Political Geogr. 2005, 24, 477–497. [CrossRef]

18. Wei, H. Administrative Hierarchy and Growth of City Scale in China. Urban Environ. Stud. Chin. 2014,
1, 4–17.

19. Li, H.; Wei, Y.D.; Liao, F.H.; Huang, Z. Administrative hierarchy and urban land expansion in transitional
China. Appl. Geogr. 2015, 56, 177–186. [CrossRef]

20. Shkolnikov, V.M.; Andreev, E.M.; Jasilionis, D.; Leinsalu, M.; Antonova, O.I.; McKee, M. The changing
relation between education and life expectancy in central and eastern Europe in the 1990s. J. Epidemiol.
Community Health 2006, 60, 875–881. [CrossRef] [PubMed]

21. Lin, R.-T.; Chen, Y.-M.; Chien, L.-C.; Chan, C.-C. Political and social determinants of life expectancy in less
developed countries: A longitudinal study. BMC Public Health 2012, 12, 85. [CrossRef]

22. Renton, A.; Wall, M.; Lintott, J. Economic growth and decline in mortality in developing countries: An analysis
of the World Bank development datasets. Public Health 2012, 126, 1–10. [CrossRef]

23. Singh, G.K.; Siahpush, M. Widening Rural-Urban Disparities in Life Expectancy, US, 1969–2009. Am. J.
Prev. Med. 2014, 46, E19–E29. [CrossRef]

24. Gilligan, A.M.; Skrepnek, G.H. Determinants of life expectancy in the Eastern Mediterranean Region.
Health Policy Plan. 2015, 30, 624–637. [CrossRef]

25. Manuel, D.G.; Perez, R.; Sanmartin, C.; Taljaard, M.; Hennessy, D.; Wilson, K.; Tanuseputro, P.; Manson, H.;
Bennett, C.; Tuna, M.; et al. Measuring Burden of Unhealthy Behaviours Using a Multivariable Predictive
Approach: Life Expectancy Lost in Canada Attributable to Smoking, Alcohol, Physical Inactivity, and Diet.
PLoS Med. 2016, 13, e1002082. [CrossRef] [PubMed]

26. Duque, A.M.; Peixoto, M.V.; Lima, S.V.M.A.; Goes, M.A.O.; Santos, A.D.; Gomes Machado Araujo, K.C.;
Nunes, M.A.P. Analysis of the relationship between life expectancy and social determinants in a north-eastern
region of Brazil, 2010–2017. Geospat. Health 2018, 13, 345–352. [CrossRef] [PubMed]

27. Jiang, J.; Luo, L.; Xu, P.; Wang, P. How does social development influence life expectancy? A geographically
weighted regression analysis in China. Public Health 2018, 163, 95–104. [CrossRef] [PubMed]

28. Wilkinson, R.G. Unhealthy Societies: The Afflictions of Inequality; Routledge: London, UK, 1996.
29. Inglebart, R.; Welzel, C. How development leads to democracy what we know about modernization.

Foreign Aff. 2009, 88, 33.
30. Gong, S.; Chen, Y.; Zhang, T.; Zhang, Z. The correlation between life expectancy and per capita GDP in China

from 1990 to 2010 and its changing characteristics. Econ. Geogr. 2020, 40, 23–30, 51.
31. Anand, S.; Ravallion, M. Human Development in Poor Countries: On the Role of Private Incomes and Public

Services. J. Econ. Perspect. 1993, 7, 133–150. [CrossRef]
32. Elo, I.T.; Beltran-Sanchez, H.; Macinko, J. The Contribution of Health Care and Other Interventions to

Black-White Disparities in Life Expectancy, 1980–2007. Popul. Res. Policy Rev. 2014, 33, 97–126. [CrossRef]
33. Lu, X.; Chen, X. Factors on mean lifespan of each province in china. Yunnan Geogr. Environ. Res. 2007,

2, 72–79.
34. Feng, Z.; Tang, Y.; Yang, Y.; Zhang, D. The Relief Degree of Land Surface in China and Its Correlation with

Population Distribution. Acta Geogr. Sin. 2007, 62, 1073–1082.

http://dx.doi.org/10.1016/j.socscimed.2014.12.031
http://dx.doi.org/10.1007/s11205-015-1107-2
http://www.gov.cn/zhengce/content/2017-01/10/content_5158488.htm
http://www.stats.gov.cn/ztjc/zdtjgz/zgrkpc/dlcrkpc/dlcrkpczl/index_1.html
http://www.stats.gov.cn/ztjc/zdtjgz/zgrkpc/dlcrkpc/dlcrkpczl/index_1.html
http://dx.doi.org/10.1016/j.polgeo.2004.10.005
http://dx.doi.org/10.1016/j.apgeog.2014.11.029
http://dx.doi.org/10.1136/jech.2005.044719
http://www.ncbi.nlm.nih.gov/pubmed/16973535
http://dx.doi.org/10.1186/1471-2458-12-85
http://dx.doi.org/10.1016/j.puhe.2012.03.011
http://dx.doi.org/10.1016/j.amepre.2013.10.017
http://dx.doi.org/10.1093/heapol/czu041
http://dx.doi.org/10.1371/journal.pmed.1002082
http://www.ncbi.nlm.nih.gov/pubmed/27529741
http://dx.doi.org/10.4081/gh.2018.702
http://www.ncbi.nlm.nih.gov/pubmed/30451477
http://dx.doi.org/10.1016/j.puhe.2018.06.003
http://www.ncbi.nlm.nih.gov/pubmed/30121438
http://dx.doi.org/10.1257/jep.7.1.133
http://dx.doi.org/10.1007/s11113-013-9309-2


Int. J. Environ. Res. Public Health 2020, 17, 6597 24 of 24

35. Song, W.; Li, Y.; Hao, Z.; Li, H.; Wang, W. Public health in China: An environmental and socio-economic
perspective. Atmos. Environ. 2016, 129, 9–17. [CrossRef]

36. Qin, J.; Yu, G.; Xia, T.; Li, Y.; Liang, X.; Wei, P.; Long, B.; Lei, M.; Wei, X.; Tang, X.; et al. Spatio-Temporal
Variation of Longevity Clusters and the Influence of Social Development Level on Lifespan in a Chinese
Longevous Area (1982–2010). Int. J. Environ. Res. Public Health 2017, 14, 812. [CrossRef]

37. Zha, X.; Tian, Y.; Gao, X.; Wang, W.; Yu, C. Quantitatively evaluate the environmental impact factors of the
life expectancy in Tibet, China. Environ. Geochem. Health 2019, 41, 1507–1520. [CrossRef] [PubMed]

38. Wang, L.; Li, Y.; Li, H.; Holdaway, J.; Hao, Z.; Wang, W.; Krafft, T. Regional aging and longevity characteristics
in China. Arch. Gerontol. Geriatr. 2016, 67, 153–159. [CrossRef] [PubMed]

39. Yang, D. A Study on Ambient Air Quality’s Effects on Public Health in China:Based on Comparative Analysis
with G20. Popul. Econ. 2018, 15, 1471.

40. Zhou, R.; Zhuang, R.; Huang, C. Pattern evolution and formative mechanism of aging in China. Acta Geogr. Sin.
2019, 74, 2163–2177.

41. Wang, S. Life Expectancy Decomposition and it’s Influencing Factors Analysis:Based on Provincial Panel
Data. Northwest Popul. J. 2014, 35, 37–42.

42. Ming, Y.; Dong, Z. Life expectancy of China’s population analysis of the impact of factors. Theory Res. 2010,
4, 47–50.

43. Reed, L.J.; Merrell, M. A short method for constructing an abridged life table. Am. J. Hyg. 1939, 30, 32–62.
44. Ni, J. Research on the Life expectancy of Chinese population. Chin. J. Health Stat. 1985, 1, 6–9.
45. Le Gallo, J.; Ertur, C. Exploratory spatial data analysis of the distribution of regional per capita GDP in

Europe, 1980–1995. Pap. Reg. Sci. 2003, 82, 175–201. [CrossRef]
46. Anselin, L. Local indicators of spatial association—LISA. Geogr. Anal. 1995, 27, 93–115. [CrossRef]
47. Fotheringham, A.; Brunsdon, C.; Charlton, M. Geographically Weighted Regression: The Analysis of Spatially

Varying Relationships; Wiley: Hoboken, NJ, USA, 2003.
48. Ma, L.; Yu, Z. Analysis of influencing factors of average life expectancy in China. Econ. Res. Guide 2009,

9, 161–162.
49. Zheng, C. Analysis of regional differences and economic and social influencing factors of life expectancy.

China Collect. Econ. 2010, 19, 81–83.
50. Moore, M.; Gould, P.; Keary, B.S. Global urbanization and impact on health. Int. J. Hyg. Environ. Health 2003,

206, 269–278. [CrossRef] [PubMed]
51. Yang, Z.; Liu, H.; Wang, X. Spatio-temporal variations of population health distribution in China and its

influencing factors. World Reg. Stud. 2017, 26, 161–168.
52. Ming, Y. Trends and regional differences of infant mortality in China. Popul. Res. 2009, 33, 77–87.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.atmosenv.2015.12.021
http://dx.doi.org/10.3390/ijerph14070812
http://dx.doi.org/10.1007/s10653-018-0211-z
http://www.ncbi.nlm.nih.gov/pubmed/30599055
http://dx.doi.org/10.1016/j.archger.2016.08.002
http://www.ncbi.nlm.nih.gov/pubmed/27544461
http://dx.doi.org/10.1007/s101100300145
http://dx.doi.org/10.1111/j.1538-4632.1995.tb00338.x
http://dx.doi.org/10.1078/1438-4639-00223
http://www.ncbi.nlm.nih.gov/pubmed/12971682
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Literature Review 
	Study Area, Data, and Methods 
	Study Area 
	Data 
	Calculation of Life Expectancy 
	Spatial Autocorrelation 
	Global Moran’s I index 
	Local Moran’s I index 

	Empirical Model 
	Influencing Factors and Variable Selection 
	Geographically Weighted Regression Model 


	Results 
	Spatial Distribution Characteristics of Life Expectancy in Prefecture-Level Cities 
	Analysis of Factors Influencing Life Expectancy 
	Influence of Economic Development Level 
	Influence of Medical Conditions 
	Influence of Demographic Structure 
	Influence of Natural Environment 
	Influence of City Attributes 

	Spatial Variation of Dominant Factors 

	Conclusions and Policy Implications 
	References

