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Abstract

Background: In Xuan Wei, China, the lung cancer mortality rate is rising significantly more than that of the nation
overall. However, it remains unclear 1) if improved diagnosis can just partially explain this observation and how
other local risk factors may be correlated with the lung cancer mortality rate and 2) how the lung cancer mortality
rates differ within Xuan Wei and how these spatiotemporal patterns are linked with local risk factors. To increase
etiological knowledge, this study evaluated the spatial and temporal distributions of the health effects (the lung
cancer mortality rates) from 2011 to 2015.

Methods: Four steps of spatial analysis were applied, as follows: 1) hotspot analysis to determine the geographical
patterns of lung cancer mortality, 2) spatially-weighted sum to identify areas with higher health risks, 3) bivariate
statistical analysis to assess the overall correlation between coal mines and lung cancer mortality, and 4) geographically-
weighted regression to test for correlations among different towns within Xuan Wei.

Results: Women had higher lung cancer mortality rates than those in men, with an increasing trend in both sexes over
time. The incidence rates in Laibin Town were the highest in Xuan Wei every year. Over the 5-year study period, the
lung cancer mortality was increasingly concentrated in Laibin, Shuanglong, and Longchang, where the smoky coal
mines are most concentrated. The population-level health risks from the coal mine in Xuan Wei were mapped and
divided into five types of risk areas (Type | — Type IV). Correlation analysis revealed that there was no significant
correlation between lung cancer mortality as a whole and coal mine distribution during the 5-year study period.
However, the geographically-weighted regression revealed a stronger correlation in medium (Type Ill) and second-
lowest (Type IV) health risks.
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Conclusions: Xuan Wei lung cancer mortality has increased continuously since the third national retrospective surveys
on the causes of death by the Ministry of Health of the People’s Republic of China (2004-2005), especially for local
women and residents over 35 years of age. Geographically, lung cancer in Xuan Wei showed unique spatiotemporal
clustering. The local lung cancer mortality was significantly correlated with the smoky coal mine geographically. Some
specific towns (Laibin, Shuanglong, and Longchang) within Xuan Wei manifested high correlations between lung
cancer mortality and coal mines. The effects of coal mines on lung cancer mortality rates also spread geographically
outward from these areas. Public health concern regarding lung cancer in Xuan Wei should prioritize higher-risk towns
surrounded by smoking coal mines. Intervention strategies for particular toxic coal types require further studies on their
chemical characteristics and mechanisms of carcinogenesis. Additional studies are also warranted to systematically
examine the local environmental health risks related to coal industries and combustion air pollution and eventually to
conduct early screening of lung cancer for local people who are more exposed to smoky coal in high-risk areas.
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Background

According to the World Cancer Report of the World
Health Organization (WHO), lung cancer is the leading
cause of mortality in the world [1]. In 2012, approxi-
mate 1.6 million people died due to lung cancer. For
men, lung cancer is the most common cancer world-
wide [2], with an age-standardized mortality rate
(ASMR) of 33.8 per 100,000. It is the fourth most lethal
cancer for women, with an ASMR of 13.5 per 100,000
[3]. Most people with lung cancer are diagnosed at late
stages, which directly affects the survival rate [4]. From
1999 to 2006, the 5-year survival rates of lung cancer
for men and women were 14 and 19% respectively. Tak-
ing into account the geographic locations of lung can-
cer deaths in different regions, the countries in the
WHO Western Pacific Region (WPRO) have the largest
number of deaths (48% in men, 45% in women), and it
is predicted that the number of lung cancer mortality
cases will reach three million in 2035 [2].

In China, lung cancer accounts for the largest number of
cancer cases in both sexes and is the top cancer mortality
risk for men. In 2010, the morbidity and mortality of lung
cancer in China reached 46.08/100,000 and 37.00/100,000,
respectively [5]. Statistically, lung cancer occupied almost
35.7% of newly diagnosed cases and 37.56% of cancer
deaths in 2012. Lung cancer mortality rates are generally
higher among women in urban areas, peaking at 80+ years
of age [6]. Moreover, more than half of the world popula-
tion and most rural populations in China still use solid
fuels such as coal for cooking and heating. This is listed as
one of the top five risk factors to public health with 3.5
million (2.7 million to 4.4 million) deaths and 4.5% (3.4—
5.3%) of global disability-adjusted life-years (DALYs) [7].

Xuan Wei, a county-level city in Yunnan province,
China, has experienced high mortality rates since 1973—
1975. According to the first national mortality survey,
the lung cancer mortality rates in Xuan Wei are 27.7/

100,000 for men and 25.3/100,000 for women, almost
five times that of China’s national average (4.97/100,000
for both sexes) [8, 9] (Fig. 1). Since 1980s, potential
suspected factor of tobacco smoking has been denied by
researchers. Because in Xuan Wei most man are
smokers and few woman smoke there [10, 11]. Previous
studies concluded that indoor air pollution, derived from
household coal combustion, could be the cause of local
lung cancer occurrence [12], which contributed to the
International Agency for Research on Cancer (IARC) de-
claring it a Group I carcinogen to humans. Although in-
terventions such as stove improvements have been
carried out, the local lung cancer deaths have continued
to increase in the past three national mortality surveys
[10, 13]. Previous studies have explored the relationship
between lung cancer mortality rates and carcinogenetic
chemicals in different coals that patients had burned or
in discharged coal combustion soot that might not
diffuse far away due to topology and wind direction
[14-16]. However, studies on the geological distribu-
tion of geochemical perturbation and mine locations
at spatial scales in Xuan Wei are limited [17, 18].
Therefore, knowing more about the spatial, temporal,
and spatiotemporal distributions of lung cancer in
Xuan Wei could provide clues to inform public health
priority and prevention to improve the health of Xuan
Wei residents.

Spatial-temporal analysis can add references to risk
factor exposure and help to assess the effectiveness of
existing health interventions among Xuan Wei resi-
dents, making these analyses valuable tools to improve
public health quality and better distribute financial and
medical resources [19]. Based on the most recent can-
cer registration data in Xuan Wei (2011-2015), we con-
ducted a Geographic Information System (GIS)-based
spatiotemporal analysis, investigated the spatial and
temporal clustering of lung cancer in Xuan Wei, and
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identified the health effects associated with the spatial
distributions due to coal mines in Xuan Wei. Our findings
will help to better understand the locational characteristics
of cancer mortality in Xuan Wei and the impact of envir-
onmental factors, as well as help to prioritize the provision
of suitable healthcare to the local residents.

Methods

Sampling site

The study area is located in northeast Yunnan Province,
China (103 °30'- 104° 40'E, 25 °3'-26°41'N) (Figs. 1, 2) [18].
Xuan Wei belongs to the slope region of the transition
zone of the Yunnan-Guizhou Plateau. In 2015, the
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Fig. 2 Physical features of Xuan Wei [18]
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population reached 1,529,463 and encompassed 606,988
m? within 28 towns. The majority of the local people are
traditional farmers and the population structure is stable.
This study focused on information based on the town
level, including a total of 344 villages. The name for each
town is the town-governed region that includes all its in-
corporated villages.

Data collection

Lung cancer mortality data from 2011 to 2015 were ob-
tained from the online reports of the death registration sys-
tem (DRS) in the Xuan Wei Center for Disease Control
and Prevention (XWCDC). The National Central Cancer
Registry (NCCR) of China, established in 2012, is a national
systematic management and information source for cancer
surveillance. Each CDC is responsible for producing stan-
dardized death certification cards and reporting informa-
tion to the higher administrative regions through the DRS
[5]. All deaths should be coded based on the 10th version
International Classification of Disease (ICD) guidelines,
which codes lung cancer as C33-C34. The death certifica-
tion card primarily includes personal, clinical, and cause of
death information. To avoid report bias and missing bias,
village doctors verify these cards by interviewing the family
members of the deceased and higher corresponding health
division also check them as well. The details have been pre-
viously described by our team [13]. The age- and
sex-specific populations for each town in Xuan Wei were
extracted from the Annual Statistical Report of Xuan Wei
for each year. Capture and recapture methods were con-
ducted to confirm some under-reported rates of death as a
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standard approach to estimate the completeness of regis-
tries and true incidence rates of diseases [20, 21].

Statistical analysis

We used R 3.1.3 (R Development Core Team, 2015) and
MATLAB (R2016a version, MathWorks Inc., Natick,
USA) to perform descriptive analyses. The crude mortal-
ity rates and their distributions were first explored. The
sex- and age-specific mortality rates were adjusted by
the China National 6th census population (2010) and
the WHO World standard population, respectively. We
used percentages to show the cumulative risk of lung
cancer before 60years of age among Xuan Wei resi-
dents. The truncated age-standardized rate was used to
further explore the age-specific rates in the elderly [22].
We also compared the age- and sex- specific mortality
rates in one community with an especially high mortality
rate compared to the overall mortality rate of Xuan Wei.
Statistical significance was examined using a Poisson
model, and two-tailed p-values less than 0.05 were con-
sidered statistically significant.

Spatial analysis

ArcGIS 10.5 (ArcGIS 10.5 version, Esri Inc., California,
USA) was utilized for the spatial analyses. Four categories
of analysis tools were used to assess the spatiotemporal
patterns and correlations, including hotspot analysis,
spatially-weighted sum, bivariate statistical analysis, and
geographically-weighted regression (GWR). As shown in
the operational research framework (Fig. 3), hotspot ana-
lysis was first used to identify the geographical patterns of
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lung cancer mortality, after which the spatially-weighted
sum was applied to cluster and map the population-level
health risks of different towns within Xuan Wei by over-
lapping the population density and coal mine distribu-
tions. The next two steps were designed to examine the
spatiotemporal correlations between coal mine distribu-
tions and lung cancer mortality: the bivariate statistical
analysis was used to assess the overall correlation, while
the GWR was used to more deeply investigate these po-
tential correlations for different towns.

Hotspot analysis was conducted to map the geograph-
ical concentration patterns of lung cancer mortality. The
temporal variations and group differentiations were also
examined through the 5-year study period [23]. This tool
calculates the Getis-Ord Gi* statistic for each feature in
a dataset and to find statistically significant hotspots,
which have high values and are surrounded by other fea-
tures with high values [24]. The resulting Z-score indi-
cates where features with either high or low values
cluster spatially. The Getis-Ord local statistic is given as

Wi XD Wi

s {HZ%WEF (Z5-m1) 2}

n-1

G =

1

(1)

Where x; is the attribute value for feature j, w; jis the
spatial weight between feature i and j, n is equal to the
number of features, and:

Z:’lzle

n

X = (2)

Z?:lwz' —

= L (x)? (3)

n

Secondly, the spatially-weighted sum was adopted to
evaluate the population-level health risks from coal
mines [25], which is a classical way presenting the
interactive outcomes of two or more factors by adding
the weights of the elements from one layer to another
layer with area-attributes [25]. The weights of the coal
mine distribution within the area were added to the
population layer based on the population density.

Thirdly, the bivariate statistical analysis was used to
examine the spatial interrelation between coal mines and
lung cancer mortality [26]. This method allows the explor-
ation of relationships between two or more different types
of attribute data. Before we began the analysis, the poly-
gon data were transferred into raster data at resolution of
30 min. Finally, a GWR model was employed to further
explore how geography was contributing to the associa-
tions of the coal mine locations with lung cancer mortality
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for different areas of Xuan Wei [24]. The spatially hetero-
geneous processes were modelled to examine the links be-
tween dependent and independent variables, treating the
spatial attributes as non-negligible contributors [22]. The
equation for a typical GWR of the ordinary least-square
regression (OLS) model is as follows:

Y ()= () +By;(w)x1; + Boj()x2; + ... + B (88)%pi
(4)

Where the dependent variable y was defined as the
lung cancer mortality rate and the independent variable
x as the productivity of the coal mine. The notation
Poi(u) indicates that the parameter describes a relation-
ship around location u and is specific to that location.
For each of the n observations in the dataset, a measure-
ment of its position was available in a spatial coordinate
system.

Results

Demographic and mortality analysis

There were a total of 5789 lung cancer deaths in Xuan
Wei between 2011 and 2015, including 2387 women and
3402 men. As shown in Table 1, the crude mortality
rates were 70.78, 80.27, 78.45, 80.30, and 75.71 per
100,000 each year. The age-standardized rates were cal-
culated by 6th Chinese population census data (CASMR)
and world standard population data (WASMR) separ-
ately. The cumulative rates of mortality from 0 to 60
years of age ranged from 17.01 to 22.30%. The average
annual truncated age-standardized rate (TASR) of lung
cancer in Xuan Wei from 2011 to 2015 was 81.96 per
100,000.

The total number of deaths was higher in men than
that in women. The peak age for lung cancer mortality
in Xuan Wei was between 58 and 64 years (Fig. 4).
The town-level lung cancer mortality case distribu-
tions from 2011 to 2015 and the average lung cancer
mortality rates are shown in Figs. 5 and 6, respectively.
Among the 28 towns in Xuan Wei, Laibin, Shuanglong,

Table 1 Lung cancer incidence in Xuan Wei, China

Year No.of Cruderate CASIR  WASIR Cum Rate TASR(35-60)
Cases  (1*10°) (1¥10°)  (1*10°)  0~60(%)  (1*10%)

2011 1057 7078 4034 3456  2143% 8633

2012 1211 8027 4432 3796  2230% 90.13

2013 1160 7845 40.82 34.90 19.27% 7872

2014 1228 8030 4185 3573 20.03% 8222

2015 1158 7571 39.34 33.78 17.01% 72.39

* CASIR, age-standardized rate (China 6th population census 2010); WASIR,
age-standardized rate (World standard population): Cum Rate, accumulative
rate; TASR, truncated age-standardized rate (World standard population)
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and Wanshui had the highest lung cancer mortality
rates (34.10% of the total mortality cases), seven towns
showed relatively higher mortality rates (34.50% of the
total mortality cases), eight towns were medium-en-
demic (20.85% of the total mortality cases), five towns
had lower mortality rates (7.13% of the total mortality

cases), and the remaining three towns had the lowest
lung cancer mortality rates in Xuan Wei (1.80% of the
total mortality cases). Laibin town had the largest num-
ber of lung cancer mortality cases each year, reaching
as high as 9.98% of whole cases. Therefore, we com-
pared the age-specific mortality rates between Laibin
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Fig. 7 Age-specific mortality rates for lung cancer in Xuan Wei and Laibin Town
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and Xuan Wei overall for both men and women during
these 5years. As shown in Fig. 7, when the local popu-
lation was over 35 years of age, the lung cancer mortal-
ity was much higher in Laibin town compared to the
average lung cancer mortality rate for all of Xuan Wei.
Especially in the past 3years, there was an increasing
trend in lung cancer mortality in the Laibin population
among those over 35years of age. Moreover, the
sex-specific lung cancer age-standardized rate mortal-
ities also differed significantly between Laibin and Xuan
Wei. As Fig. 8 indicates, the mortality rates had similar
patterns in both men and women. However, the rates in

Table 2 Analysis of variance results
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Laibin were approximately twice those of Xuan Wei in
2011 and 2012. The mortality rates increased to ap-
proximately four times for men and three times for
women from 2013 to 2015 compared to the average for
Xuan Wei during the same time period.

We further explored the variations and changes in
lung cancer mortality rates during the study period by
analysis of variance (ANOVA). Table 2 shows the signifi-
cance of the changes during the 5-year period. There was
a significant change (P =0.039) from 2011 to 2012 and a
relatively notable significance (P =0.166) from 2014 to
2015. However, the changes between 2012, 2013, and
2014 were not statistically significant.

Spatial-correlation analysis

The hotspot analysis based on Getis-Ord Gi* revealed a
concentration trend of lung cancer mortality during the
study period (Fig. 9). The hotspots were mainly concen-
trated at the ravine of the cuneiform area around towns
of Laibin, Shuanglong, and Longchang, where heavy coal
mines were located and which were also areas with high
population densities. Laibin, Shuanglong, and Longchang
were surrounded by secondary and less-significant clusters
of hotspots. At the same time, there were also spatiotem-
poral variations in hotspot development. The hotspot ana-
lysis illustrated a decreasing confidence interval for most
towns around Laibin, which indicated that the lung cancer
mortality was more concentrated over the 5-year study
period. Several cold spots (geographical concentrations of
lower lung cancer mortality rates) were detected at Adu
and Wude towns in 2011 and 2012. No significant cold
spots were observed across Xuan Wei in 2013 and 2014
but were observed again in 2015. All cold spots demon-
strated a weak confidence of 90%.

Spatially-weighted sum from overlapping the popula-
tion densities and distributions of local coal mine can
be used to identify the health risks from coal mines
(Fig. 10). The rasters of the population densities and
coal mines were used in the overlap analysis. The
weights of the coal mine raster were calculated using
the annual productivity, which was considered an im-
portant indicator of the density distribution of the coal
mine. The health risk of each area was calculated based
on the summation of the production value of the coal
mines within the area. The result of the spatially-

LC mortality 2011 LC mortality 2012

LC mortality 2013 LC mortality 2014 LC mortality 2015

LC mortality 2011 - 0.039
LC mortality 2012 0.039 -

LC mortality 2013 0226 0.751
LC mortality 2014 0.172 0.504
LC mortality 2015 0395 0444

0.226 0.172 0.395
0.751 0.166 0444
- 0.504 0.549
0.261 - 0.166
0.549 0.166 -
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weighted sum indicates the population-level health
risks in five categories. The five categories were divided
using the Jenks natural breaks default in ArcGIS. Nat-
ural break classes are based on natural groupings inher-
ent in the data. Class breaks are identified that best
group similar values and that maximize the differences
between classes. Shuanglong and Wanshui towns had
the highest health risks (Type I) from the coal mine, as
both their populations and coal mines were geographic-
ally concentrated. Laibin was the only area with the
second highest-level health risks from coal mines (Type
II). The medium-level health risks were distributed
close to the geometric centre of Xuan Wei and also
crossed areas further from the geometric centre, includ-
ing the towns of Longchang, Tangtang, Haidai, Wenxing,
Baoshan, Reshui, etc. The second lowest health risks
(Type 1V) were distributed in areas further from the geo-
metric centre, including the towns of Geyi, Lefeng, Dong-
shan, Xize, Longtan, etc. The outskirts of Xuan Wei
experienced the lowest levels of health risks (Type V)
from the coal mine. The spatiotemporal variations ob-
served in 2015 indicated increased health risks in Luoshui
town. This was due to the inner-city (migration from
other areas of the city) and inter-city migration (migration
from other cities): Luoshui has seen a significant increase
in population growth, from 44,212 in 2011 to 59,006 in
2015.

Based on the analysis of the geographical patterns of
lung cancer mortality and health risks from the coal
mines, we examined the spatial correlation between
health risks and lung cancer mortality. First, bivariate
statistical analysis was employed to examine the overall
spatial correlation of the raster layers of coal mine distri-
butions and lung cancer mortality from 2011 to 2015. A
correlation matrix was then calculated (Table 3). The
results showed a statistically significant temporal correl-
ation and continuity, as well as temporal variation in
lung cancer mortality from 2011 to 2015. The lung can-
cer mortality demonstrated a high correlation across the
5-year span. The spatial correlation between lung cancer
mortality and coal mine distribution was not significant
compared to the interrelations of lung cancer mortality
during the 5years; however, slight changes were ob-
served. The correlation decreased from 0.242 in 2011 to

Table 3 Correlation matrix of the spatial correlation analysis
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0.180 in 2013 and climbed to 0.203 in 2015. A follow-up
analysis was then conducted to identify the spatiotempo-
ral correlation at a smaller spatial scale.

A GWR model was employed to examine the associ-
ation between the locations of coal mines and increased
lung cancer mortality in Xuan Wei, as shown according
to the standard deviations in different towns (Fig. 11).
We ran the GWR (bandwidth set to 0.79) after the linear
regression was passed through the T-test. The r-squared
value of the GWR indicated a decrease from 0.51 in
2011 to 0.30 in 2013 and an increase to 0.37 in 2015.
This was due to an increasing concentration of lung can-
cer mortality around Laibin from 2012 to 2014. The re-
sults showed that the association between coal mines
and lung cancer mortality rates were most significant for
medium (Type III) and second-lowest (Type IV) health
risk areas, which is geographically closer to where smoky
coal mine were most concentrated. In addition, although
the lung cancer mortality showed a concentrated pattern
around the towns of Laibin, Shuanglong, and Long-
chang, the associations of coal mines with lung cancer
mortality in these areas were comparatively lower than
those in other areas in Xuan Wei. The changes in
r-squared value in coefficient analysis indicated that the
effects of coal mines on lung cancer mortality rates had
spread geographically outward beyond Laibin, Shuang-
long, and Longchang, where coal mines were most
concentrated.

Discussion
This study provided updated lung cancer mortality rates
in Xuan Wei during the last 5 years based on local death
registration system (DRS) data. Using GIS-based spatial
statistics, we mapped the spatial distributions of lung
cancer mortality and visualized the population-level
health risks of coal mines across Xuan Wei. In addition,
the local population health risks were classified using a
space-time GIS approach by overlaying pollutant con-
centration and population spatial distribution layers.
The basis of the different characteristics of Xuan Wei
lung cancer mortality rates most likely resides in differ-
ences in environmental pollution exposure and the
prevalence of risk factors. Therefore, town-level local
maps of lung cancer mortality rates in these 5 years and

Layer LC mortality 2011 LC mortality 2012 LC mortality 2013 LC mortality 2014 LC mortality 2015 Coal mine
LC mortality 2011 1.000 0.944 0.888 0.836 0.924 0.242
LC mortality 2012 0.944 1.000 0.905 0.832 0.901 0204
LC mortality 2013 0.888 0.905 1.000 0.931 0.946 0.180
LC mortality 2014 0.836 0.832 0.931 1.000 0.922 0.193
LC mortality 2015 0.924 0901 0.946 0922 1.000 0203
Coal mine 0.242 0.204 0.180 0.193 0.203 1.000
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intensity maps of the mortality and mine locations pro-
vided comprehensive clues.

The hotspot experienced a slight shrinkage from 2013
to 2015, but expanded and was surrounded by secondary
hotspots of lower lung cancer mortality in 2015. The
population-level health risks for those who live in villages
surrounded by smoky coal mines showed stable geograph-
ical patterns, with the highest health risks in Shuanglong
and Wanshui (type I) and the second highest health risks
in Laibin (type II). The only spatiotemporal variation was
the increased health risks in Luoshui in 2015 with the in-
ward migration to this area. Geyi town witnessed a signifi-
cant geographical concentration pattern and increased
lung cancer mortality, although it was defined as a lower
health risk (type IV) area over the study period.

The overall spatial correlations between coal mine dis-
tribution and lung cancer mortality were not significant
but there were differences at the smaller spatial scale of
town level compared to the overall spatial scale in Xuan
Wei. The temporal correlativeness of lung cancer mor-
tality in Xuan Wei was relatively steady between 2011
and 2015. The spatial correlation between coal mine dis-
tribution and lung cancer mortality in different areas of
Xuan Wei was examined using the GWR model. The
evidence showed that there was a significant spatial con-
nection between coal mines and lung cancer mortality in
geographically concentrated areas of the highest health

risks (type I), while secondary significance was found at
areas with medium (type III) and second-lowest health
risks (type IV).

Furthermore, during the study period, the crude mor-
tality rate and age-standardized rates of lung cancer in
Xuan Wei dramatically increased in 2012 to 2014 com-
pared to those in 2011. Compared to Xuan Wei overall,
residents in Laibin have an increased risk of lung can-
cer, especially those over 35years of age. Considering
the average age of lung cancer in China is around 70+
years, efficient allocation of health interventions for
at-risk population requires more accurate and complete
information on the spatial associations of the intensity
of the risk of lung cancer mortality in Xuan Wei. The
age distribution indicated that the predominance of
middle-aged cases in this area and part of this pattern
might be due to the strong carcinogenetic elements of
local smoky coal usage and the early age at which girls
cook for their families. Girls generally begin to cook at
around 9years of age, and people from areas in Xuan
Wei with higher lung cancer mortality rate frequently
use smoky coal, while smokeless coal was more popular
in areas in Xuan Wei that exhibited lower lung cancer
rates [27]. Compared to the cancer crude and age-stan-
dardized rates in 2004—-2005 [13], the mortality rates of
lung cancer in the most recent period were similar for
both men and women. The mortality of women Xuan
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Wei was almost eight times the average nationwide
level during the same period and the sex ratio of mor-
tality of 1.09 [28]. As the local people depend on solid
fuels such as coal for cooking and heating in their daily
lives, this links the further research on the carcinoge-
netic chemicals in the indoor coal smoke pollution.

In addition, the results of the present study identified
Laibin town as a core area for future lung cancer research
and intervention in Xuan Wei. Central “pocket-like areas”
(PLAs) might be essential accumulation sites for coal
combustion, with increased risks of air pollution [18]. In
our town-level mortality comparison, the location of
Laibin town matches that of a PLA. The ASR of lung can-
cer mortality in Laibin had increased from twice that of
Xuan Wei during 2011-2012 to nearly four times that in
2013-2015 for men. It also increased one-fold among
women during these two periods. Furthermore, during
2013-2015, the age-standard mortality rate for lung can-
cer mortality among those over 35 years of age increased
faster than that for Xuan Wei. Patterns of death due to
lung cancer in some regions with higher mortality risks
still exist and the adverse effects act continually and accu-
mulatively. This might be due to several large mines with
abundant smoky coal around this town. Laibin also had
the highest age-standard lung cancer mortality rate during
1990-2005 [29]. This indicated that the characteristics of
regional concentration and carcinogenesis risk have not
changed. It is obvious that the lung cancer problem in
Xuan Wei has not been controlled, and it seems to be
more serious in nearly all towns. Previous high-risk areas
towns of Laibin and Rongcheng (Shuanglong, Wanshui,
and a part of Honggiao) still remain the top risk areas and
some previously low health-risk are approaching high
health-risk levels, especially Longchang, Haidai, and
Baoshan (Fig. 11). There are several possible explanations
for this observation, including (1) accumulation of carcin-
ogens from coal combustion because of the geographical
and spatial properties [29] and (2) increased communica-
tion and coal trading among nearby towns as part of the
development of agricultural areas in China.

This research makes valuable contributions to related
spatial epidemiology by adding the space-time correlation
perspective of contextual effects and medical geography
by exploring the fundamental Modifiable Areal Unit
Problem (MAUP) at a smaller areal unit of villages regard-
ing area-attribute analysis in geography, which has
attracted increasing attention from public health
realms. We utilized the towns as areal units as the town
level has its advantages in conducting its environmental
health-related policies and practices. In addition, al-
though other elements such as socioeconomic status,
healthcare accessibility might also be associated with
lung cancer mortality, these factors were relatively
evenly distributed among the towns in Xuan Wei.
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However, this study also had several limitations. Our
analysis of lung cancer mortality data was solely based
on the Xuan Wei CDC death registration system (DRS)
and there may have been underreporting or missing data
for some mortalities. The total under-reported rate of
deaths in Xuan Wei was 33.35% and there were no sig-
nificant differences in separate sex or age groups [29].
Another potential limitation was the MAUP, in which
the effects of area-based attributes on outcomes can be
affected by the zoning scheme or geographic scale of the
areal units [30]. Furthermore, topographical information
and meteorological dynamics were not included in this
study. Although topographical conditions are key influ-
ential factors of diseases, they generally contribute more
to diseases associated with underground water and less to
lung cancer [31]. Based on weather data collected from
the governmental online database [32], 74.2% (1355 of
1826 days) of days in the 5-year study period had no wind
and the number of days with winds from different direc-
tions did not vary significantly (37 days at maximum). The
meteorological dynamics were more closely linked to
human dynamics (e.g., human daily movement) and acute
diseases in the short term [33]. Despite these limitations,
the results of the present study are of value in exploring
the static correlation between coal mine distribution
and lung cancer mortality in small areal units over
space and time. Our study provides data on the current
lung cancer mortality demographic patterns, the spatial
geographic accumulation risks, and areas for further
carcinogen exploration and effective interventions within
Xuan Wei, especially for communities with a high risk of
lung cancer mortality.

Conclusion

This study evaluated the most current information on
lung cancer mortality in Xuan Wei, Yunnan, China and
analysed the spatial-temporal health risks for lung cancer.
The environmental risks and health results from coal
mines demonstrated a geographically concentrated pat-
tern around the geometric centre of Laibin, with some
spatiotemporal variations. The spatiotemporal characteris-
tics of cancer mortality in Xuan Wei lung are correlated
with the accumulation of coal mines and their concentra-
tion around towns, especially large numbers of smoky coal
mines. Subsequent intervention strategies for particularly
toxic coal types require stronger proof of causality in
further studies on the chemical characteristics of smoky
coal. Specific exploration of the local environmental health
risks related to indoor air pollution associated with the
combustion of coal is also warranted. Moreover, the re-
sults of this study demonstrate the urgency of early
screening for lung cancer among local people using smoky
coal in high-risk areas.
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