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Tumours are the main disease affecting the health of the Chinese population, and lung cancer is the malignancy with the highest
incidence. Hence, the need to study and analyse the population of lung cancer incidence in order to effectively control and prevent
it. In this research, we discuss the demographic characteristics of lung cancer incidence population of 2014 to 2020 from the
perspective of multiple urban environmental factors, taking Bengbu city in the Huaihe River Basin of China as the research area,
analyse the correlation between environmental indicators and lung cancer incidence population through the Spearman’s rank
correlation assessment model, and analyse the interaction between the influence factors of a geographic detector to analyse the
influence of urban environmental factors. The results showed the followings: (1) The distribution characteristics of lung cancer
incidence population were mainly geriatric population and spatially mainly fell in the old urban area of the study area, and the
population distribution had clustered characteristics. (2) Through Spearman’s rank correlation analysis, the land use, road traffic,
spatial form, service facilities, and the open space of green space of the urban-built environment as well as the natural environment
are all correlated with the incidence of lung cancer. (3) Factor detection and interaction analysis revealed a greater effect of spring
and winter on lung cancer prevalence. In addition, the road intersection density and the distance to industrial are the most
important potential influencing factors, and the interaction of any two factors will increase the risk of lung cancer.

1. Introduction

Environmental and health issues are gradually becoming an
important aspect of current national and international re-
search, especially for the exploration of the prevention of
chronic noncommunicable diseases, while cancer has been
a major cause of global health problems, and due to the
lagging nature of cancer, the crude incidence rate and the
age-standardised incidence rate (asir) of cancer in 2016 were
293.91 per 100,000 and 186.46 per 100,000, respectively, and
the crude mortality rate was 174.55 per 100,000 and the age-
standardised mortality rate (as) was 105.19 per 100,000
according to the National Cancer Centre Journal. Lung
cancer has the highest incidence and mortality among
cancers, making research on the lung cancer population an
important current public health issue. In China, lung cancer

has been the cancer with the highest incidence and mortality
rates [1], and the Chinese Health Statistical Yearbook also
shows that mortality from respiratory diseases such as
pneumonia and pneumoconiosis among residents of large
cities is increasing every year [2]. In this context, the pre-
vention and control of lung cancer disease have attracted
attention, and how to prevent the occurrence of lung cancer
and reduce the risk factors brought about by the environ-
ment is the focus of current research.

In recent years, there has been an increasing number of
studies on the factors influencing lung cancer in the pop-
ulation both at home and abroad. Smoking and passive
smoking, genetic factors, air pollution, and dietary exposure
are considered to be important risk factors for lung cancer.
The urban environment has many factors affecting the
population of lung cancer and the mechanisms of influence


https://orcid.org/0000-0001-9666-9865
mailto:yuwei@stu.ahjzu.edu.cn
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2023/4876404

are complex [3]. A large number of studies have demon-
strated that the incidence of respiratory diseases is signifi-
cantly correlated with the concentration and characteristics
of airborne particulate matter [4]. The elevated concentra-
tions of atmospheric particulate matter in the city will cause
decreased lung function of residents, thereby resulting in
severe respiratory diseases; moreover, a large number of
automobile exhaust emissions caused by high-density road
traffic [5], the heavy pollutants from industrial diffusion [6],
and the cooking fumes of restaurants will all contribute to
the increase in particle concentration [7], causing public
health problems. Meanwhile, urban form and spatial
structure also constitute the important reasons for the in-
crease in urban PM concentrations [8, 9]. Generally
speaking, the higher building density and floor-area ratio of
a city will cause the worse ventilation conditions and the
higher incidence of respiratory system diseases [10].

In addition, the existing studies have shown that vege-
tation allocation also has a significant impact on neigh-
borhood space, shrubs have a positive effect on the
respiratory system [11], the increase of green coverage is
beneficial to the reduction in the concentrations of partic-
ulate matters [12], and a certain scale of park green space can
reduce PM, 5 [13]. Therefore, higher regional vegetation
allocation can reduce the incidence of lung cancer and
promote respiratory health. According to the foreign studies
of Hankey et al., the health benefits brought by the increased
physical activity of residents in communities with high
walking rates can properly offset the adverse effects of air
pollution [14]. Proper physical activity can promote physical
and mental health and reduce the risk of lung cancer.

In general, the research on respiratory health mainly
includes macroscopic [15, 16] and microscopic [17] studies,
and it has been found that buildings, transportation, and
land use of the urban-built environment have a certain
influence on the population of people who develop lung
cancer. Nevertheless, there are few studies on diverse urban
environments and even fewer studies on its mechanism.
Therefore, based on a case study on a certain district, Bengbu
City, Huaihe River Basin, the incidence of lung cancer was
analysed and explored, the distribution and influencing
mechanism of lung cancer among urban residents were
probed, and the correlation between urban spatial factors
and the incidence of lung cancer, as well as the environ-
mental factors and characteristics significantly related to the
distribution of patients were clarified. Furthermore, some
suggestions on the optimization of planning control and
urban design were put forward, so as to provide theoretical
basis and practical direction for reducing the risk of re-
spiratory diseases of urban residents and creating a healthy
urban living space.

2. Study Area and Data Source

2.1. Study Area. The study area is located in the old city of
Bengbu, Anhui Province, China. Bengbu is an important
industrial city in China and is located in the south of the
Huaihe River Basin in China, Huaihe River Basin, one of the
most densely populated basins in China, with prominent
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diversity and complexity of population and is particularly
seriously affected by urban-spatial factors. In 2020, the total
area of Bengbu City were 5,952 square kilometers, with
a registered population of 3.863 million and an urbanization
rate of 58.6%. And the 7th census shows that in 2020, 18.03%
of Bengbu’s population will be over 60-years-old, and the
aging rate is accelerating. According to international reg-
ulations, people aged 65 years and over are the elderly, taking
into account the legal retirement age and other practical
circumstances in China, and persons with 60 years of age
and over are selected as the criteria for older persons. As an
important industrial city, the study area is located in the old
urban area in the west of Bengbu City, with a registered
population of 360,000, and it is also the administrative re-
gion with the largest population in Bengbu City, charac-
terized by high population density and rapid urbanization,
so it is suitable for the urban environment and population
health research. The study area consisted of 12 blocks
numbered YHO01-12, which were divided into 2,744 spatial
units by 100 m grids, and the outliers are excluded (Figure 1).
The study area is located in the midlatitude region, and the
winter average temperature is 1°C and is vulnerable to the
cold air temperature.

2.2. Data Source. The relevant data on people who developed
lung cancer were obtained from all inpatients diagnosed
with lung cancer by Bengbu Health Commission from 2014
to 2020, and all information about lung cancer patients,
including age, gender, and residential address, were
extracted. Inpatients whose home addresses and workplaces
were not in the study area were excluded from the inpatient
data, giving a final total of 449 cases. The number of residents
of the study area was derived from the official bulletin of the
Bengbu National Bureau of Statistics.

The land-use data and the built-environment data for the
study area in the environmental data were obtained from the
Anhui Urban & Rural Planning and Design Institute, and
the data contained the main uses of each land in the study
area in 2019 (Figure 2(a)), which included the road system,
green space and river, residential land, and industrial land
according to urban land classification, including the base
area and floor number of each building. The data for
commercial and bus stops are derived from the Baidu Map
Open Platform’s point of interest (POI) data, which has the
characteristics of a large sample size, wide coverage, and
detailed spatial resolution, which makes the spatial analysis
more comprehensive, objective, and in-depth. Using
Landsat 8 remote sensing data provided by the United States
Geological Survey (USGS) and the code
LC81210372019023LGNOO, the natural environment data of
the Bengbu Ecological Environment Agency and the geo-
spatial data cloud were obtained, and the air pollution index
is based on the 2014-2020 average of Bengbu’s state-
controlled environmental monitoring sites.

2.3. Establish an Indicator System. By constructing envi-
ronmental factor evaluation indicators from the acquired
environmental indicator data, a system of urban
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FIGURE 1: The location of old town, Bengbu, China.
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FIGURE 2: Spatial form distribution and the spatial distribution of lung cancer incidence population in the old town of Bengbu city,

2014-2020.

environmental impact-factor indicators such as land use,
road traffic, space form, green space and open space, air
pollution and temperature, and service facilities was
established to analyse the impact of the natural and built
environment on the incidence of lung cancer (Table 1). The
incidence rate of lung cancer is calculated as follows:

Incidence = 2 x 100% 1)

NP

NC is the number of lung cancer patients in the unit and
NP is the total population in the unit.

After excluding the abnormal value, we analysed the
index that might affect the incidence of lung cancer, and the
correlation index was P <0.05, which had a statistical
significance.

3. Statistical Analysis

3.1. Spearman’s Rank Correlation. Spearman’s correlation
coefficient for ranked data is a statistical method used to
evaluate the correlation between two variables. The most
remarkable characteristic of Spearman’s correlation is that it
does not need to consider the sample size or the overall
distribution of variables [18], and it is fast and robust [19].
Therefore, we use Spearman’s rank correlation to analyse the
correlation between lung cancer incidence population and
different environmental factors in cities, in which lung
cancer incidence and environmental factors are normalized,
the range of the values is [0, 1], to balance the dimension gap
of data, so that different data are counted under the same
conditions, and the calculation formula is as follows:
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In the formula, r; is the Spearman’s correlation co-
efficient; the range of the values is [-1, 1], the bigger the
absolute value is, the stronger the correlation is; n is the
number of lung cancer disease areas; and i=1...n. d; rep-
resents the rank difference between the values of dependent
lung cancer disease and independent environmental factors.

3.2. Geographical Detector. Geographical detector is a spatial
analysis model used to detect the relationship between
a geographical attribute and its explanatory factors and can
be used to show whether the relationship between the in-
dicator factors has a significant difference in the spatial
distribution of the impact, measured by g statistics, with
a value ranged [0, 1] [20, 21]. If stratified on the population
of lung cancer incidence, higher values indicate a higher
degree of spatial heterogeneity in respiratory disease, and if
stratified on the value of lung cancer disease according to the
influence indicator, higher values indicate a higher degree of
explanation of respiratory disease by that influence in-
dicator, in addition to the absence of spatial heterogeneity
when the g value is 0. This study used geographical detector
software for factor interaction detection and k-means
clustering of the continuous detection factor values in
SPSS. The formula is as follows:

L 2
g=1- 2i=1 Nuj,

(3)

SSW = ¥, N,o?, SST = No?.

The study area is divided into strata, h=1, ... L, and N,
and N represent the layer 4 and the number of units in the
study area, respectively. o> represents the variance of lung
cancer population, g, represents the variance of index in the
layer, and SSW and SST are the sum of Within sum of
squares and total sum of squares, respectively.

4. Results

4.1. Distribution Characteristics of Lung Cancer Incidence.
During the period from 2014 to 2020, a total of 449 cases of
lung cancer were collected in the study area of Bengbu City,
and the basic characteristics of the participants are presented
in Table 2. The percentage of male patients with lung cancer
is significantly higher than that in females, with 67.5% of
men and 32.5% of women, with obvious differences.
Therefore, in the age distribution, it was found that the
elderly have a high incidence of lung cancer, and the people
under 60 years of age accounted for only 21.8%. However,
there is no obvious difference in the season of onset.
Generally speaking, there are more patients in spring, and
the number of patients in autumn is relatively small.
Through the distribution of the spatial form in the study
area (Figure 2(a)), we used ArcGIS software to analyse the

spatial distribution of lung cancer patients from 2014 to 2020
and calculate the density of lung cancer patients in the study
area in units, which can directly reflect the distribution of
lung cancer patients in the study area. The results showed
that the lung cancer patients were clustered in units YH07
and YHO8 (Figure 2(b)).

4.2. Analysis of Factors Influencing the Development of Lung
Cancer. The results of Spearman’s rank correlation analysis
showed that land use, road transport, spatial form, green
space and open space, service facilities, and natural envi-
ronment were all related to the incidence of lung cancer
(P <0.05), and there was no correlation between the annual
mean NO, and the annual mean O; (P > 0.05) (Table 3).

4.2.1. Built Environment. In terms of the built environment,
according to Spearman’s rank correlation model, residential
density was significantly positively correlated with the in-
cidence of lung cancer, with a correlation coeflicient of
0.099, which indicates that the increasing residential density
increases the risk of developing lung cancer. In addition, the
distance to industry had a significant negative correlation
with the incidence of lung cancer, with a correlation co-
efficient of —0.075, and this suggests that the risk of lung
cancer tends to increase the closer you are to industrial area.

In terms of road traffic, there was a significant positive
correlation between lung cancer incidence and traffic density
and road intersection density, and the correlation co-
efficients were 0.143 and 0.148respectively. Therefore, the
risk of lung cancer tends to increase when road density
increases with road intersection density. In addition, there
was a significant positive correlation between the bus stop
density and the incidence of lung cancer within the 500 m
buffer zone, with a correlation coefficient of 0.230. This
indicates that an increase in bus stop density increases the
incidence of lung cancer. The distance between the residents
and main roads was negatively correlated with the incidence
of lung cancer with a correlation coefficient of —0.090. It
shows that a closer distance from the main road tends to
increase the incidence of lung cancer.

The model showed that the building density was of
a significant positive correlation with the incidence of lung
cancer, with a correlation coefficient of 0.120. Therefore, the
incidence of lung cancer tends to increase with increasing
building density. Moreover, there was a significant positive
correlation between the FAR and the incidence of lung
cancer, with a correlation coefficient of 0.135, and this in-
dicates that the incidence of lung cancer tends to increase
with higher FAR. In addition, according to the results of the
model, the Normalized Difference Vegetation Index (NDVI)
showed a significant negative correlation with the incidence
of lung cancer, with a correlation coefficient of —0.142. It
indicates that the incidence of lung cancer tends to decrease
with higher NDVI. In addition, the distance to the river had
a significant positive correlation with the incidence of lung
cancer, with a correlation coefficient of 0.162. Therefore,
proximity to rivers tends to reduce the incidence of lung
cancer. The distance to the park was negatively correlated
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TABLE 2: Analysis of basic characteristics of lung cancer incidence population in the old town of Bengbu city from 2014 to 2020.
Variables Classification Number of cases Proportlon
of patients (%)
Man 303 67.5
Gender Woman 146 325
Ace >60-years-old 351 78.2
5 <60-years-old 98 21.8
Spring (March-May) 114 254
Dead season Summer (June-August) 121 26.9
Autumn (September—November) 100 22.3
Winter (December-February of the following year) 114 25.4

with the incidence of lung cancer, with a correlation co-
efficient of —0.121. It indicates that the proximity to parks
tends to increase the incidence of lung cancer.

In terms of service facilities, the model showed that the
cigarette and wine shops' density within the 500 m buffer
zone was significantly positively correlated with the in-
cidence of lung cancer, with a correlation coefficient of
0.290. Therefore, lung cancer incidence tends to increase
when the cigarette and wine shops density increases. In
addition, food and beverage density within the 500 m buffer
zone showed a significant positive correlation with the in-
cidence of lung cancer, with a correlation coefficient of
0.269, and it is suggested that the greater the density of food
and beverage, the higher the incidence of lung cancer tends
to increase.

4.2.2. Natural Environment. In terms of the natural envi-
ronment, according to the model, the annual average PM, s,
PM;, and SO, were significantly positively correlated with
the incidence of lung cancer, and the correlation coefficients
were 0.073, 0.170, and 0.162, respectively. Therefore, lung
cancer incidence tends to increase with increasing con-
centrations of particulate matter pollution. And average CO
was significantly positively correlated with the incidence of
lung cancer, with a correlation coefficient of 0.170. This
indicates that the incidence of lung cancer tends to increase
with increasing gaseous pollutants concentration. Mean-
while, the annual average NO, and O; were not strongly
correlated with the incidence of lung cancer.

4.3. Analysis of Geographical Detector Results. Through
Spearman’s rank correlation, we further extracted ten built-
environment and natural-environment indexes and used the
geographic detector to study the impact of the urban en-
vironment on the incidence of lung cancer. In the test of
factors affecting the lung cancer incidence through
2014-2020, we found that all of the indicators passed the
significance test (P <0.05), and the higher the g value, the
greater the impact (Figure 3). We found that road in-
tersections density and the distance to industry accounted
for more than 10% of the lung cancer risk, with FAR, SO,,
PMj,, distance to the river, cigarette and wine shop density,
distance to the main road, and bus stop density accounting
for more than 1% of the lung cancer risk, is a secondary
factor. This indicates that road intersection density and the

distance to the industry are the main factors influencing the
risk of lung cancer.

On a seasonal scale, we found that the effect of the index
factors on the lung cancer patients was different in different
seasons (Figure 3). Spring is mainly affected by road in-
tersection density, distance to industry, SO,, cigarette and
wine shop density, distance to main road, PM,,, distance to
river, and FAR. Summer is mainly affected by road in-
tersection density, distance to industry, and FAR. Autumn is
mainly influenced by road intersection density and the
distance to industry. Winter is mainly affected by road
intersection density, distance to the industry, FAR, distance
to the river, SO,, and PM;,. On the whole, road intersection
density and the distance to industry were the common
influence factors of each quarter, and the g value was higher.
While the environmental indicators of different quarters had
different effects and the influence of spring and winter was
greater, the environmental impact is relatively small in
summer and autumn. The study found that older people, as
well as men, are usually more pronounced to seasonal
changes [22] and that the study area has more older people
who are more susceptible to seasonal changes. And with
spring and winter likely to increase PM, s concentrations
and a more polluted environment [23], the risk of de-
veloping lung cancer may be relatively higher.

The incidence of lung cancer is affected by the city
environment. The risk of lung cancer is not only a single
factor, but also the interaction of environmental factors may
increase or decrease the influence of individual factors.
Through the interaction analysis of environmental indicator
factors for 2014-2020 (Figure 4), we found that both in-
teractions of independent variables played an enhanced role
at the annual scale. The strongest interaction was found
between cigarette and wine shop density and road in-
tersection density (g=0.30). This was followed by the dis-
tance to industry and the distance to the river (g=0.27),
followed closely by food and beverage density and road
intersection density (q=0.26).

On the quarterly scale, the interaction of all environ-
mental indicators is enhanced and the g value of the in-
teraction is increased compared with that of the single
environmental indicator (Figure 4). In spring, the strongest
interaction was between road intersection density and cig-
arette and wine shop density (q=0.56), followed by the
interaction between the distance to industry and PM,,
(g =0.49), and the distance to industry and SO, (g =0.48). In
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FIGURE 3: Annual and seasonal scale factor detection in the old urban areas of Bengbu City, China, 2014-2020. Note: In spring, road
intersection density, distance to industry, SO,, cigarette and wine shop density, distance to the main road, PM;, distance to the river, and
FAR were significant (P < 0.05); in summer, road intersection density and the distance to industry were significant (P < 0.05); in autumn,
road intersection density and distance to industry were significant (P < 0.05); in winter, road intersection density, FAR, distance to industry,
SO,, and PM,, were significant (P <0.05).
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summer, the strongest interaction was between road in-
tersection density and the distance to industry (g =0.23). The
interaction between road intersection density and the dis-
tance to industry had the strongest effect in autumn
(g=0.50). In winter, the strongest interaction was between
road intersection density and the distance to industry,
distance to river, SO, and PM;, (q=0.26).

Overall, there were more interactive influences on the
lung cancer incidence in spring and winter and fewer in-
teractive elements in summer and autumn. In addition, road
intersection density and the distance to industry were the
main risk factors interacting with the incidence of lung
cancer.

5. Discussion

This study analysed the basic characteristics of the pop-
ulation with lung cancer disease and examined the corre-
lation between the different influences of the urban
environment and the incidence of lung cancer by using
Spearman’s rank correlation model. The interaction of each
indicator was analysed using a geographic detector model
and an enhanced effect of two-by-two interactions between
the indicators was found. Thus, effective strategies are
provided for urban development to reduce the risk of lung
cancer incidence.

According to the analysis of the distribution charac-
teristics of the lung cancer incidence, it was found that the
main population of the lung cancer incidence is male, and
the incidence of middle-aged and old people is higher, which
is consistent with the international research [24]. The
existing studies have demonstrated that genes (family his-
tory) and living habits (smoking, second-hand smoke, and
kitchen smoke) contribute to the risk of lung cancer [25, 26].
Tobacco is an important risk factor for tumours and the
prevalence of smoking is generally higher in Chinese men
than in women [27], which may explain the higher incidence
of lung cancer in men than in women. And the study found
that 61% of women who died of lung cancer were non-
smokers. The decline in smoking rates among Chinese
women has been accompanied by an increase in lung cancer
[28], suggesting that the risk factors contributing to the
development of lung cancer are unclear.

Studies have found that in the built environment, dif-
ferent land use properties have different effects on re-
spiratory disease [29], consistent with the studies that the
residential density has a significant positive effect on lung
cancer incidence, the distance to industry is a negative effect,
and road traffic density has a significant positive effect on the
lung cancer incidence. Urban construction sites can have an
impact on air quality in cities [30], with excessive residential
density being detrimental to residential ventilation and
increasing pollutant exposure. In factor detection, we found
that the distance to industry and road intersection density
were the main influencing factors for lung cancer incidence
in the population in four seasons, and the interaction of the
distance to industry and road intersection density signifi-
cantly enhanced the risk of lung cancer incidence in the
population. The density of roads and intersections reflects

the volume of traffic to a certain extent, and the higher the
density, the higher the incidence rate [31], and according to
the foreign studies, male residents living in areas with more
motor vehicles have a higher risk of cancer [32], while
Sinharay’s latest invention study published in the Lancet
shows that vehicle emissions have a negative impact on the
cardiopulmonary function of the population [33]. And in-
dustrial emissions increase atmospheric pollution, and
studies have proven that particulate pollution is an im-
portant cause of respiratory disease [34]; so, long-term
exposure to pollutant gases increases the risk of lung can-
cer. Meanwhile, the spatial form has a significant positive
effect on lung cancer incidence, and an increase in building
density and FAR also increases the incidence of lung cancer.
Excessive building density and FAR lead to high population
density, reduce greenery quality, increase air pollution ex-
posure, affect urban ventilation, raise the risk of lung cancer
incidence, and increase the risk of death of lung cancer
patients [35].

The bus stop density has a significant positive influence
on the incidence of lung cancer. It has been found in the
studies that the longer waiting time at the bus stop will cause
longer exposure to air pollutants, leading to a higher risk of
respiratory diseases [36, 37], and some studies have sug-
gested that bus stops could enhance accessibility and
community social network and increase residents’ physical
activity [38], so as to effectively reduce the risk of respiratory
diseases; moreover, it is also conducive to the daily activities
of the elderly, thus effectively providing the daily activity
space for the elderly and a guideline for a healthy lifestyle
[39]. The results of this study show that higher bus stop
density will contribute to the higher incidence of lung
cancer, for which the reason may be that public trans-
portation serves as the main mode of traffic travel in the
study area, and the bus stops are always established at the
places with higher population density and the aggregation
places of elderly population, and the elderly are more sus-
ceptible to the influence of the built environment [40], so
more bus stops will increase the crowd gathering risk and
increase the exposure to environmental pollution while
providing convenient transportation.

In line with the previous studies, we found that NDVI
has a significant negative impact on the lung cancer in-
cidence, while the distance to the river has a significant
positive impact. Vegetation coverage and rivers can reduce
pollutant concentration [41]. According to the research
between the green space and health, it is found that planting
11 trees more in an urban block can reduce the cardio-
metabolic status and the incidence of respiratory diseases
[42], and water can reduce air pollution and the risk of
exposure to pollutants [43]. People who engage in more
physical activity have a significantly lower risk of developing
diseases such as lung cancer, according to study finds [44],
and physical activities may reduce the risk of lung cancer in
current or former female smokers [45]. Friedenreich found
that leisure physical activities could better reduce the risk of
lung cancer than occupational physical activities [46]. This
suggests that the physical activity is effective in reducing the
risk of lung cancer, and that areas with high vegetation cover
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and proximity to rivers can attract people to increase their
physical activity.

However, it is interesting to note that the closer we are to
the park, the higher the incidence of lung cancer tends to be.
Previous studies have found that the open green space can
increase the physical activity, create good space, reduce air
pollution, and reduce respiratory diseases [47, 48], but other
studies have found no significant correlation between urban
green space and lung cancer mortality, road greening, and
virescence in front of houses can increase the rate of green
space, but cannot provide people with recreation [49], while
the community park and the amusement park are the im-
portant places of high-frequency physical activity [50].
Considering that the study area is located in the old city, the
study population is mainly elderly, densely populated, with
high building density, and the park open space is mainly
Zhanggongshan Park, and the population is concentrated
near the park and has a high incidence of lung cancer.

There is a significant positive correlation between the
POI points of service facilities around the residential areas
and the incidence of lung cancer, which is consistent with
the general studies. The daily activity distance that can meet
the basic material and life needs of the residents by 10-min
walking is 500 m [51]. The results show that smoking and
drinking constitute one of the main causes of lung cancer
[52]; therefore, the larger number of cigarette and wine
shops in the vicinity of residential areas will provide higher
convenience for the residents, which will indirectly increase
the risk of lung cancer. And we found a higher q value for the
interaction between intersection density and tobacco shops,
indicating that the more tobacco shops near an intersection,
the higher the risk of people developing lung cancer, and that
public services should be allocated appropriately. Too many
restaurants around the residential areas will increase the
emission of cooking fumes, thereby increasing PM, s con-
centration in the air and leading to an increase in the in-
cidence of lung cancer [53]. A lot of grease and sewage
drainage in restaurants will also impair the respiratory
system. In addition, the increase of automobile service fa-
cilities around the residential areas will increase the traffic
load, and the centralized parking facilities, gas stations, and
other facilities will easily lead to the agglomeration of ve-
hicles and heavier automobile exhaust, thereby causing air
pollution and increasing the incidence of lung cancer [54].

In terms of the natural environment, we have found that
air pollution has a positive effect on the incidence of lung
cancer, and that air pollution is one of the greatest threats to
the health of the population, with air pollution increasing the
incidence of respiratory diseases [55]. Studies have con-
cluded that solid-particulate matter pollution in the atmo-
sphere has a significant effect on lung cancer incidence. A
study of urban areas in Shanghai found that for every 10 ug/
m’ increase in atmospheric SO, concentration, the number
of total deaths, cardiovascular deaths, and respiratory deaths
in the urban areas of Shanghai increased by 1.25%, 1.45%,
and 1.71%, respectively [56]. The increase in average daily
CO increases the risk of outpatient visits for respiratory
diseases and has a higher impact on women and elderly
patients [57], who are more vulnerable to air pollution than
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younger people [58, 59]. High concentrations of particulate
matter (PM) are an important risk factor for respiratory
diseases, especially near industrial areas, which increase
particulate matter concentrations, and PM, 5 concentrations
are generally higher in winter [60].

6. Conclusion and Suggestions

6.1. Conclusion. This study provides a multilevel model
based on the impact of urban multiple environmental factors
on lung cancer and explores the characteristics of urban
multiple environmental factors significantly related to lung
cancer, and the correlation (P value <0.05) is statistically
significant. We have come to the following conclusions: (1)
Through spatial distribution analysis, it is found that there
are significant differences in the incidence of lung cancer.
The main population groups affected by lung cancer are
concentrated in the over 60s and men. And the population
with lung cancer is clustered concentrated in the vicinity of
Zhanggongshan Park. (2) Under the analysis of model
construction, the urban environment has a significant im-
pact on the incidence of lung cancer, among which land use,
road traffic, spatial form, green space and open space, air
pollution, and service facilities have significant correlations
with the incidence of lung cancer. (3) Factor detection and
interaction analysis revealed a greater effect of spring and
winter on lung cancer prevalence. The road intersection
density and the distance to the industrial area are the most
important potential influencing factors, and the interaction
of any two factors will increase the risk of lung cancer.
Therefore, it is necessary to take reasonable measures to
reduce the risk of lung cancer.

6.2. Suggestions

6.2.1. Improve the Spatial Layout. Focus on the layout of the
urban space, improve public service facilities, and enhance
urban management and governance. Improve residential
quality, reduce building density, increase open space, op-
timise the urban spatial system, and provide a comfortable
and pleasant living environment. In terms of industrial
layout, polluting industrial sites should be located away from
urban areas and nonpolluting industries should be com-
bined with the construction of central areas of the city, where
population density is high and increasing industries can
increase employment opportunities, thereby reducing the
use of motor vehicles and lowering air pollution.

6.2.2. Optimize Road System. Improving the road network
system, optimising the shape of the neighbourhood, en-
hancing street connectivity, and improving the neigh-
bourhood environment can effectively increase accessibility
and improve the mobility of people. The pedestrianised
streets are increased and the neighbourhood form is con-
structed in a “small neighbourhood, dense road network”
layout. Reducing the traffic capacity of the sites around
residential areas, optimising the road environment, reducing
the rate of car travel, increasing the rate of walking and
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cycling, reducing the exposure of residents to high con-
centrations of motor vehicle emissions, and limiting traffic at
road junctions with poor air quality will help to improve the
urban environment.

6.2.3. Increase Green Space and Open Space. Air pollution is
an important risk factor for respiratory diseases. Therefore,
the effective reduction of air pollution can effectively prevent
respiratory diseases. And a large number of green spaces can
absorb particulate pollution and reduce exposure to pol-
lutants, and large areas of water can alleviate air pollution
and can reduce the distribution of particulate matter.
Therefore, to create a good environment scene, enhance air
circulation, is conducive to increase the physical activity of
residents, effective prevention of respiratory diseases, and
promoting physical health.

The study mainly analysed the distribution character-
istics of lung cancer patients from 2014 to 2020 and explored
the influence of the multifactor environmental influence
mechanism on the lung cancer patients, and through the
analysis of its correlation and interaction, it can provide
some references for the pathogenesis of lung cancer and
make a little contribution for the future research and de-
velopment. This study is mainly in the old industrial area of
the study area; there is no focus on the analysis of the impact
of industrial change on the incidence of lung cancer, but in
the model establishment research, because of the reason that
the data did not add the patient’s own habit and lifestyle
influence, this may take the later stage more thorough
research.

Data Availability

The datasets generated and/or analysed during the current
study are not publicly available but are available from the
corresponding author on a reasonable request.

Conflicts of Interest

The authors declare that there are no conflicts of interest.

Acknowledgments

This research was funded by the Natural Science Foundation
of Anhui Province with the Grant reference no.
2008085ME160. The authors would like to thank the Journal
of Healthcare Engineering’s editor and reviewers for their
very useful comments, which greatly helped us to improve
the article; and the production editor for his support in the
final proofreading of this publication.

References

[1] R. Zheng, S. Zhang, H. Zeng et al., “Cancer incidence and
mortality in China, 2016,” Journal of the National Cancer
Center, vol. 2, no. 1, pp. 1-9, 2022.

[2] S. Lantuejoul, M. Sound-Tsao, W. A. Cooper et al., “PD-L1
testing for lung cancer in 2019: perspective from the IASLC
pathology committee,” Journal of Thoracic Oncology, vol. 15,
no. 4, pp. 499-519, 2020.

11

[3] L. F. Berkman, T. Glass, I. Brissette, and T. E. Seeman, “From

social integration to health: durkheim in the new millen-

nium,” Social Science and Medicine, vol. 51, no. 6, pp. 843-

857, 2000.

L. Wang, X. J. Zhao, X. J. Jiang, and J. Tang, “Study on healthy

city planning from the perspective of particulate matter

distribution:theoretic framework and empirical methodol-

ogy,” Planning Studies, vol. 40, no. 9, pp. 39-48, 2016.

[5] R. Mcconnell, K. Berhane, L. Yao et al., “Traffic, susceptibility,
and childhood asthma,” Environmental Health Perspectives,
vol. 114, no. 5, pp. 766-772, 2006.

[6] M.S. Jassal, “Pediatric asthma and ambient pollutant levels in
industrializing nations,” International Health, vol. 7, no. 1,
pp. 7-15, 2014.

[7] M. A. Torkmabhalleh, I. Goldasteh, Y. Zhao et al., “PM2.5 and
ultrafine particles emitted during heating of commercial
cooking oils,” Indoor Air, vol. 22, no. 6, pp. 483-491, 2012.

[8] L. Schweitzer and J. Zhou, “Neighborhood air quality, re-

spiratory health, and vulnerable populations in compact and

sprawled regions,” Journal of the American Planning Asso-

ciation, vol. 76, no. 3, pp. 363-371, 2010.

C. Zhang and S. Q. Zhang, “Study on urban form and air

quality in metropolitan area:identify relations and research

framework,” Urban Development Studies, vol. 21, no. 9,

pp. 47-53, 2014.

[10] T. Kubota, M. Miura, Y. Tominaga, and A. Mochida, “Wind
tunnel tests on the relationship between building density and
pedestrian-level wind velocity: development of guidelines for
realizing acceptable wind environment in residential neigh-
borhoods,” Building and Environment, vol. 43, no. 10,
pp. 1699-1708, 2008.

[11] W.Y.Xuand L. Wang, “An exploration of respiratory-health-
oriented community design: based on simulation analysis of
two communities in Shanghai,” New Architecture, vol. 02,
pp. 50-54, 2018.

[12] L. Yuan, K. Shin, and S. Managi, “Subjective well-being and
environmental quality: the impact of air pollution and green
coverage in China,” Ecological Economics, vol. 153, pp. 124-
138, 2018.

[13] Y. Lei, G. M. Davies, H. Jin, G. Tian, and G. Kim, “Scale-
dependent effects of urban greenspace on particulate matter
air pollution,” Urban Forestry and Urban Greening, vol. 61,
no. 6, Article ID 127089, 2021.

[14] S. Hankey, J. D. Marshall, and M. Brauer, “Health impacts of
the built environment: within-urban variability in physical
inactivity, air pollution, and ischemic heart disease mortality,”
Environmental Health Perspectives, vol. 120, no. 2, pp. 247-
253, 2012.

[15] A. Faustini, M. Stafoggia, G. Berti et al., “The relationship
between ambient particulate matter and respiratory mortality:
a multi-city study in Italy,” European Respiratory Journal,
vol. 38, no. 3, pp. 538-547, 2011.

[16] R. X. Luo, B. Wu, Y. N. Yi, Z. Huang, and R. Lin, “Indoor
burning coal air pollution and lung cancer—a case-control
study in Fuzhou, China,” Lung Cancer, vol. 14, no. 1,
pp- S113-S119, 1996.

[17] J. M. Samet and M. Jonathan, “Environmental causes of lung
cancer,” Chest, vol. 125, no. 5, pp. 80S-83S, 2004.

[18] B. Kim, J. Kim, and H. Pai, “Association between antibiotic
consumption and incidence of clostridioides difficile infection
in a hospital,” Journal of Korean Medical Science, vol. 35,
no. 47, p. €407, 2020.

[19] L. Wang, X. J. Zhao, W. Xu, J. Tang, and X. Jiang, “Correlation
analysis of lung cancer and urban spatial factor: based on

[4

[9



12

survey in Shanghai,” Journal of Thoracic Disease, vol. 8, no. 9,
pp. 2626-2637, 2016.

[20] J. F. Wang and Y. Hu, “Environmental health risk detection
with GeogDetector,” Environmental Modelling & Software,
vol. 33, pp. 114-115, 2012.

[21] H. Yue and T. Hu, “Geographical detector-based spatial
modeling of the COVID-19 mortality rate in the continental
United States,” International Journal of Environmental Re-
search and Public Health, vol. 18, no. 13, pp. 6832-6848, 2021.

[22] R.]J. Marshall, R. Scragg, and P. Bourke, “An analysis of the
seasonal variation of coronary heart disease and respiratory
disease mortality in New Zealand,” International Journal of
Epidemiology, vol. 17, no. 2, pp. 325-331, 1988.

[23] Q. Yang, Q. Yuan, and T. Li, “The relationships between
PM2.5 and meteorological factors in China: seasonal and
regional variations,” International Journal of Environmental
Research and Public Health, vol. 14, no. 12, 2017.

[24] Y. Mizushima, T. Kashii, and Y. Yoshida, “Characteristics of
lung cancer in the elderly,” Anticancer Research, vol. 16, no. 5,
pp. 3181-3184, 1996.

[25] R. W. Field and B. L. Withers, “Occupational and environ-
mental causes of lung cancer,” Clinics in Chest Medicine,
vol. 33, no. 4, pp. 681-703, 2012.

[26] C. La Vecchia and S. Franceschi, “Tobacco as a cause of lung
cancer: some reflections,” American Journal of Epidemiology,
vol. 148, no. 11, pp. 1133-1134, 1998.

[27] H. Xie, R. Shao, Y. Yang, R. Cruz, and X. Zhou, “Impacts of
built environment on risk of women’s lung cancer: a case
study of China,” International Journal of Environmental
Research and Public Health, vol. 19, no. 12, pp. 7157-7167,
2022.

[28] B. Q. Liu, R. Peto, Z. M. Chen et al., “Emerging tobacco
hazards in China: 1. Retrospective proportional mortality
study of one million deaths,” BM]J, vol. 317, no. 7170,
pp. 1411-1422, 1998.

[29] J. Yu, Z. W. Zhang, and W. T. Cai, “Research on relationship
between urban planning and air quality,” City Planning Re-
view, vol. 35, no. 12, pp. 51-56, 2011.

[30] B. Wang, K. K. Gu, D. Dong, Y. Fang, and L. Tang, “Analysis
of spatial distribution of CVD and multiple environmental
factors in urban residents,” Computational Intelligence and
Neuroscience, vol. 2022, Article ID 9799054, 11 pages, 2022.

[31] J. Wallace, L. D’silva, J. Brannan, F. E. Hargreave,
P. Kanaroglou, and P. Nair, “Association between proximity
to major roads and sputum cell counts,” Canadian Respiratory
Journal, vol. 2011, no. 1, Article ID 920734, 18 pages, 2011.

[32] F. Chen, H. Jackson, and W. F. Bina, “Lung adenocarcinoma
incidence rates and their relation to motor vehicle density,”
Cancer Epidemiology, Biomarkers & Prevention, vol. 18, no. 3,
pp. 760764, 2009.

[33] R. Sinharay, J. Gong, B. Barratt et al., “Respiratory and car-
diovascular responses to walking down a traffic-polluted road
compared with walking in a traffic-free area in participants
aged 60 years and older with chronic lung or heart disease and
age-matched healthy controls: a randomised, crossover
study,” The Lancet, vol. 391, no. 10118, pp. 339-349, 2018.

[34] A. K. Yuzbekov and M. A. Yuzbekov, “Effects of industrial
pollution on respiratory diseases,” Moscow University Bi-
ological Sciences Bulletin, vol. 70, no. 1, pp. 17-22, 2015.

[35] L. Guo, J. Luo, M. Yuan, Y. Huang, H. Shen, and T. Li, “The
influence of urban planning factors on PM 2.5 pollution
exposure and implications: a case study in China based on
remote sensing, LBS, and GIS data,” Science of the Total
Environment, vol. 659, pp. 1585-1596, 2019.

Journal of Healthcare Engineering

[36] X. Xu, Y. Shang, L. Tian, W. Weng, and J. Tu, “Inhalation
health risk assessment for the human tracheobronchial tree
under PM exposure in a bus stop scene,” Aerosol and Air
Quality Research, vol. 19, no. 6, pp. 1365-1376, 2019.

[37] T.Jin, M. Han, K. Han, X. Fu, L. Xu, and X. Xu, “Health risk of
ambient PM10-bound PAHs at bus stops in spring and au-
tumn in tianjin, China,” Aerosol and Air Quality Research,
vol. 18, no. 7, pp. 1828-1838, 2018.

[38] J. Yang, Y. H. Tao, and Y. W. Chai, “Neighborhood built
Environment,Community cohesion and public health:the
moderating effect of transport-related physical activity,”
Urban Development Studies, vol. 26, no. 9, pp. 17-25, 2019.

[39] J. Van Cauwenberg, A. Nathan, A. Barnett, D. W. Barnett, and
E. Cerin, “Relationships between neighbourhood physical
environmental attributes and older adults’ leisure-time
physical activity: a systematic review and meta-analysis,”
Sports Medicine, vol. 48, no. 7, pp. 1635-1660, 2018.

[40] T.Hanibuchi, I. Kawachi, T. Nakaya, H. Hirai, and K. Kondo,
“Neighborhood built environment and physical activity of
Japanese older adults: results from the Aichi Gerontological
Evaluation Study (AGES),” BMC Public Health, vol. 11, no. 1,
pp. 657669, 2011.

[41] C. C. Ho, C. C. Chan, C. W. Cho, H. I. Lin, J. H. Lee, and
C. F. Wu, “Land use regression modeling with vertical dis-
tribution measurements for fine particulate matter and ele-
ments in an urban area,” Atmospheric Environment, vol. 104,
pp. 256-263, 2015.

[42] O. Kardan, P. Gozdyra, B. Misic et al, “Neighborhood
greenspace and health in a large urban center,” Scientific
Reports, vol. 5, no. 1, Article ID 11610, 2015.

[43] C. Liu, B. H. Henderson, D. Wang, X. Yang, and Z. R. Peng,
“A land use regression application into assessing spatial
variation of intra-urban fine particulate matter (PM2.5) and
nitrogen dioxide (NO2) concentrations in City of Shanghai,
China,” Science of the Total Environment, vol. 565, pp. 607—
615, 2016.

[44] X. J. Jia, Y. Yu, W. Xia et al., “Cardiovascular diseases in
middle aged and older adults in China: the joint effects and
mediation of different types of physical exercise and neigh-
borhood greenness and walkability,” Environmental Research,
vol. 167, pp. 175-183, 2018.

[45] P. Sinner, A. R. Folsom, L. Harnack, L. E. Eberly, and
K. H. Schmitz, “The association of physical activity with lung
cancer incidence in a cohort of older women: the Iowa
Women’s Health Study,” Cancer Epidemiology, Biomarkers
and Prevention, vol. 15, no. 12, pp. 2359-2363, 2006.

[46] C. M. Friedenreich, H. K. Neilson, and B. M. Lynch, “State of
the epidemiological evidence on physical activity and cancer
prevention,” European Journal of Cancer, vol. 46, no. 14,
pp. 2593-2604, 2010.

[47] C. Webster, C. Sarkar, and S. J. Melbourne, “Green equals
healthy? Towards an evidence base for high density healthy
city research,” Landscape Architecture Frontiers, vol. 3, no. 1,
pp. 8-23, 2015.

[48] A. Akpinar, “How is quality of urban green spaces associated
with physical activity and health?” Urban Forestry and Urban
Greening, vol. 16, pp. 76-83, 2016.

[49] E. A. Richardson, R. Mitchell, T. Hartig, S. de Vries, T. Astell-
Burt, and H. Frumkin, “Green cities and health: a question of
scale?” Journal of Epidemiology & Community Health, vol. 66,
no. 2, pp. 160-165, 2012.

[50] X.Y.WangandD.F. Yang, “How the built environment affect
the frequency of green space used by the elderly——based on
the dual perspective of accessibility and attractiveness,”



Journal of Healthcare Engineering

(51]

(52]

(53]

(54]

(55]

(56]

(57]

(58]

(59]

(60]

Chinese Landscape Architecture, vol. 36, no. 11, pp. 62-66,
2020.

M. Li, “The planning strategies of a 15-minute community life
circle based on behaviors of residents,” Urban Planning Fo-
rum, vol. 1, pp. 111-118, 2017.

W. Schmidt and R. E. Popham, “The role of drinking and
smoking in mortality from cancer and other causes in male
alcoholics,” Cancer, vol. 47, no. 5, pp. 1031-1041, 1981.

B. J. Daly, K. Schmid, and M. Riediker, “Contribution of fine
particulate matter sources to indoor exposure in bars, res-
taurants, and cafes,” Indoor Air, vol. 20, no. 3, pp. 204-212,
2010.

B. P. Chattopadhyay, A. K. Mukherjee, K. Mukherjee, and
A. Roychowdhury, “Exposure to vehicular pollution and
assessment of respiratory function in urban inhabitants,”
Lung, vol. 185, no. 5, pp. 263-270, 2007.

G. P. Bala, R. M. Réjnoveanu, E. Tudorache, R. Motisan, and
C. Oancea, “Air pollution exposure—the (in)visible risk factor
for respiratory diseases,” Environmental Science and Pollution
Research, vol. 28, no. 16, pp. 19615-19628, 2021.

G. X. Song, L. L. Jiang, and G. H. Chen, “A time-series study
on the relationship between gaseous air pollutants and daily
mortality in Shanghai,” Journal of Environment and Health,
vol. 5, pp. 390-393, 2006.

Y. Zhao, J. Hu, Z. Tan et al., “Ambient carbon monoxide and
increased risk of daily hospital outpatient visits for respiratory
diseases in Dongguan, China,” Science of the Total Environ-
ment, vol. 668, pp. 254-260, 2019.

F. Zhu, R. Ding, R. Lei et al., “The short-term effects of air
pollution on respiratory diseases and lung cancer mortality in
hefei: a time-series analysis,” Respiratory Medicine, vol. 146,
pp. 57-65, 2019.

R. Chen, H. Kan, B. Chen et al., “Association of particulate air
pollution with daily mortality: the China air pollution and
health effects study,” American Journal of Epidemiology,
vol. 175, no. 11, pp. 1173-1181, 2012.

M. A. Bari and W. B. Kindzierski, “Characteristics of air
quality and sources affecting fine particulate matter (PM2.5)
levels in the City of Red Deer, Canada,” Environmental
Pollution, vol. 221, pp. 367-376, 2017.

13





