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Spatial patterns and the associated factors sy
for breast cancer hospitalization in the rural
population of Fujian Province, China
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Abstract

Background Despite the known increasing incidence of breast cancer in China, evidence on the spatial pattern of
hospitalization for breast cancer is scarce. This study aimed to describe the disparity of breast cancer hospitalization
in the rural population of Southeast China and to explore the impacts of socioeconomic factors and heavy metal
pollution in soil.

Methods This study was conducted using the New Rural Cooperative Medical Scheme (NRCMS) claims data covering
20.9 million rural residents from 73 counties in Southeast China during 2015-2016. The associations between breast
cancer hospitalization and socioeconomic factors and soil heavy metal pollutants were evaluated with quasi-Poisson
regression models and geographically weighted Poisson regressions (GWPR).

Results The annual hospitalization rate for breast cancer was 101.40/100,000 in the studied area and the rate varied
across different counties. Overall, hospitalization for breast cancer was associated with road density (3=0.43, P=0.02),
urbanization (3=0.02, P=0.002) and soil cadmium (Cd) pollution (3=0.01, P=0.02). In the GWPR model, a stronger
spatial association of Cd, road density and breast cancer hospitalization was found in the northeast regions of the
study area while breast cancer hospitalization was mainly related to urbanization in the western regions.

Conclusions Soil Cd pollution, road density, and urbanization were associated with breast cancer hospitalization in
different regions. Findings in this study might provide valuable information for healthcare policies and intervention
strategies for breast cancer.
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Introduction

Female breast cancer is a leading cause of cancer in the
world and in China [1]. Nowadays, the increasing health
burden of breast cancer has become a critical public
health issue in China, with cases accounting for 9.1% of
all newly diagnosed cancers and 3.9% of all cancer deaths
in China [2]. More importantly, the distribution of breast
cancer in China varies greatly [3], contributing to a dif-
ference in hospitalization for breast cancer [4, 5]. While
such geographic disparities might be influenced by the
differences in the distribution of environmental expo-
sures and socioeconomic factors [6-8], previous evi-
dence was, however, usually limited by the assumption
of constant estimates over the entire geographic area and
unable to capture the geographical variations in the rela-
tionships [9, 10].

Socioeconomic factors could influence women’s life-
style [11], including dietary pattern, physical activity and
reproductive behavior [12], which are known factors for
breast cancer risk [1, 6, 13, 14] and hospitalization [15].
In addition, recent evidence suggests that hospitaliza-
tions for breast cancer might also be influenced by travel
distances [16]and social security [17]. However, no study
has systemically assessed the potential role of indica-
tors for socioeconomic development and breast cancer
hospitalization.

Moreover, special attention should be paid to the
impact of environmental exposures, especially soil heavy
metal pollution, considering the biological [18, 19] car-
cinogenesis effects from heavy metals. As heavy metals
in soil are difficult to break down [20], soil heavy met-
als could serve as an indicator of long-term exposure to
heavy metals [21]. While previous studies mainly focused
on the associations between dietary heavy metals and
breast cancer [22-26], there is less information on the
association between chronic exposure to heavy metals
in soil and breast cancer hospitalization, especially in the
rural population who mainly face to the soil heavy metals.

Assessment of the spatial pattern and associated fac-
tors for breast cancer hospitalization is important for
the planning of cancer-related health resources and
identifying priority regions for possible prophylactic
interventions. In this study, we focus on the spatial auto-
correlation of breast cancer hospitalization in the rural
population of Southeast China and explore the associa-
tion between socioeconomic factors, soil heavy metals
and breast cancer hospitalization by using general spa-
tial autocorrelation. We further used the geographically
weighted Poisson regression (GWPR) model to explore
spatial variations of the associations between socioeco-
nomic factors, soil heavy metals and breast cancer.
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Materials and methods

Data sources

This study used data from the New Rural Cooperative
Medical Scheme (NRCMS) in Fujian Province, which is
located in the southeast of China (ranging from 23°33’
~ 28°20" N to 115°50’~ 120°40" E). It covers an area of
about 124,000 km 2, with a total population of 37.2 mil-
lion in 2015, of which 20.9 million were rural. By the end
of 2014, 98.9% of the rural population (https://data.cnki.
net/yearBook/single?id=N2015110123) participated in
the NRCMS. Therefore, we extracted medical insurance
claims data of hospitalized female breast cancer patients
within the NRCMS from January 1, 2015, to December
31, 2016. Due to the small number of rural residents in
Taijiang County, Gulou County, Licheng County, Fengze
County, Cangshan County, and Xiamen City, people in
these counties were covered by the Urban Basic Medical
Insurance and were excluded from the analysis, leaving
73 counties covering about 98% of the rural population in
the study area.

Breast cancer hospitalization was identified using the
International Classification of Diseases (ICD) 10 code
C50. The hospitalization data consisted of age, sex,
county of registered residence, year of hospitalization,
and cause of hospitalization. Cases were selected based
on the county of registered residence rather than hos-
pital attended, which ensures a better representation of
the spatial distribution of the exposed population to the
environmental and socioeconomic factors. The rural
female population data was obtained from the Fujian
Statistical ~Yearbook  (https://data.cnki.net/yearBook/
single?id=N2017020245). All data were aggregated at the
county level. The rate of breast cancer hospitalization was
then calculated as the number of female breast cancer
hospitalizations divided by female rural population in 73
counties.

Socioeconomic factors

Socioeconomic factors included population density,
urbanization level, road density, per capita GDP, medical
institutions, and health workers at the county level. The
population density was defined as the number of people
per square kilometer in each county. Urbanization level
was defined as the proportion of people who live in urban
areas among the entire population in each county. Road
density was defined as the length of road per square kilo-
meter in each county. Per capita GDP was defined as the
ratio of the gross domestic product realized to the resi-
dent population in each county. Medical institutions were
defined as the number of medical institutions per 1000
population in each county. Health workers were defined
as the number of health workers per 1000 population in
each county. We used the average level of these covari-
ates during 2015-2016 to estimate their association with
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breast cancer hospitalization (supplementary Data 1 and
Supplementary Table 1).

Soil heavy metals

In this study, the data on soil heavy metals was obtained
from the Central Station of Environmental Monitoring
of Fujian Province. The details of the sample collection
and testing can be found in Chen’s study [27]. Briefly, all
samples were from the forest land, grassland, orchard,
tea garden, paddy field, dry land and tidal flat land in the
map of land-use types in Fujian Province, and the grid
was divided based on the geographic information sys-
tem platform. The tea, orchards and arable land were laid
out with a grid density of 8 kmx8 km. For arable land in
some key agricultural areas, 4 kmx4 km of densely laid
points were used. For tidal flats, one point was laid every
16 km along the coastline. Specifically, a total of 1114
surface soil samples were collected from the study area.
The spatial distributions of heavy metals were estimated
in terms of the ordinary kriging technique based on point
data. ArcMap software was used for image registration
and calculating pollutant regions of soil heavy metals
at the county level. Supplementary Table 2 presents the
descriptive statistics of soil heavy metals.

Statistical analysis

Spatial autocorrelation analysis

To explore the spatial distribution pattern of hospitaliza-
tions for breast cancer, the global Moran’s I index and
the local Moran index were used in this study [28]. The
global Moran’s I index evaluated the spatial autocor-
relation degree of the entire study area, while the local
Moran statistics result, namely, local indicators of spatial
association (LISA), was used to explore the existence of
anomalies in local areas [29]. The corresponding formu-
las [30] are as follows:

m
I"=% p#q WheZpZq (1)
In the formulation, I represents the global Moran’s I
index; k represents the number of grids. X; and X; stand
for the values of grid i and grid j, and W is the spatial
weight matrix between grid i and grid j (W} = 1 if grid
i is adjacent with grid j, and W;; = 0 otherwise). S? is the
variance of the whole grid. I* is the local Moran’s I index;
Wpq is the standardized spatial weight matrix; and Zp
and Zq represent standardized values of grid p and q.
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Associations with socioeconomic factors and soil metal
pollution

Quasi Poisson regression model was used to evaluate the
overall association between the socioeconomic variables
(Urbanization, Road density, Population density, Health
workers, Medical institutions and Per capita GDP) and
breast cancer hospitalization in women. In the univariate
model, we tested the association with each of these vari-
ables, while the multivariable model mutually adjusted
for the statistically significant variables identified in the
univariate model.

Then, we selected statistically significant socioeco-
nomic variables in the multivariable model, and incor-
porated each soli heavy metal pollutant into the model,
separately [31]. This implementation allowed a global
assessment of the existence of relationships, as well as
their directions, between the different covariates and the
rate of breast cancer hospitalization in women before
analyzing the effect of the association by county.

In the next step, geographically weighted Poisson
regression was used to identify the factors associated
with breast cancer hospitalization. The geographical
weight regression model allows the association between
two factors to vary spatially, which has been used in sev-
eral previous environmental studies [32—35]. The model
of GWPR is shown in Eq. (2),

y; ~ Poisson [N;exp (u;)] 2

wi({wgi}) = SOk (wi, vi)vr
where y;, u;, x, ; and N; are, respectively, dependent vari-
able (the number of women who were hospitalized for
breast cancer), the linear predictor, kth independent vari-
able including the constant term, and the offset variable
corresponding to population size at risk (defined as the
average rural female population in 2015 and 2016) at the
location i. It should be noted that the estimated risk of
hospitalization for breast cancer at location i is given by
the term of exp(w,). (u; v;) is the x-y coordinate of the
ith location; and coefficients B, (u;, v;) are assumed to be
smoothly varying conditional on the location.

The estimates of the local coefficients at the location i
are obtained by fitting a usual Poisson regression model
to the data subset around the regression point i with a
geographical weighting function. The standard errors of
estimated local coefficients can be derived using local
regression theory. A descriptive measure of goodness-
of-fit for Poisson regression is the percent of deviance
explained:

pdev;= 1 — dev; /nulldev;

The data were screened and cleaned using exploratory
data analysis using SPSS26.0 and Microsoft Excel. Global
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Table 1 Demographic characteristics of breast cancer
hospitalizations

Variable No. of hospitalization Proportion (%)
Total 20,375 100.00
Year
2015 8466 41.55
2016 11,909 5845
Agel(year)
<30 450 2.21
30~ 2600 12.75
40~ 8185 40.12
50~ 6393 3134
>60 2772 13.59
Hospital level
Township 221 1.08
County 3643 17.88
Municipal 12,058 59.18
Provincial 4453 21.86
Length of stays (days)
1-7 11,311 5551
8-14 5387 2644
>15 3677 18.05

16 7 1 1o 120 121

LISA cluster map

Fig. 1 Breast cancer hospitalization rate and LISA cluster map of 73 coun-
ties in southeast China

Moran’s I, LISA values, were measured using ArcMap
software (version 10.6). We used GWR software (version
4.0.80) to implement a GWPR to explore spatial non-sta-
tionarity in our data. All vector maps were created using
ArcMap software (version 10.6). The study was approved
by the ethical committee at Fujian Medical University
(committee’s reference number 2019-27).

Result

Spatial distribution of breast cancer hospitalizations and
socioeconomic factors

Table 1 illustrates the demographic characteristics of
hospitalized breast cancer patients. The mean rate of
breast cancer hospitalization in the rural population of
Fujian Province was 101.40/10°. The spatial distribution
map (Fig. 1, left) shows that the values of breast cancer
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hospitalization rates in each county in the study area
have obvious spatial aggregation.

The Moran Index was calculated by using edges and
corners as adjacent elements, and the global Moran index
was 0.40 (p<0.01), which suggested significant clustering.
We further employed local Moran statistics to observe
the local aggregation of breast cancer hospitalization
rates. According to the result of local Moran statistics,
two ‘high-high’ cluster regions, two ‘low-low’ cluster
regions, as well as one ‘low-high’ cluster region were
detected as statistically significant clusters (Fig. 1, right).
From the LISA cluster map, the significant ‘high-high’
clusters A and B were located in southeastern Fujian.
Additionally, another ‘high-high’ cluster C was located
in central Fujian. The large clusters a and b with low risk
existed in southern and mid-eastern Fujian, respectively.
Moreover, there was ‘low-high’ cluster L between ‘high-
high’ clusters A and B.

Table 2 displays the results of the Quasi-Poisson
Regression model with socioeconomic factors. In univar-
iate analyses, urbanization, population density and road
density were significantly associated with breast cancer
hospitalization rate. In the multivariable model, urban-
ization rate ($=0.02, P=0.002) and road density (=0.43,
P=0.02) were significantly associated with breast cancer
hospitalizations. However, medical institutions, health
workers and per capita GDP were not significantly asso-
ciated with breast cancer hospitalization rate at the 0.05
level.

Spatial relationship between soil heavy metals and breast
cancer hospitalization

In this study, ArcMap software was used to extract the
polluted areas of arsenic (As), cadmium (Cd), chromium
(Cr), copper (Cu), mercury (Hg), nickel (Ni), lead (Pb),
and zinc(Zn) in these 73 counties. Cd was the most seri-
ous pollutant covering 54.27% of the total area, followed
by Hg, As, and Pb. To eliminate the influence of the area
factor of each county, the polluted area of each county
was converted into the percentage of soil polluted area of
each county. Distribution of percentage of polluted areas
in 73 counties of Fujian province was visualized by color
in Fig. 2.

After adjustment for urbanization and road density, Cd
was the only heavy metal significantly associated with the
hospitalization rate of breast cancer ($=0.005, P=0.016;
Table 3). Using the GWPR analysis, the spatial variation
of the estimated effects from urbanization, road den-
sity and Cd over the 73 counties is shown in Fig. 3. The
association between breast cancer hospitalization and
urbanization was the highest in the north and the west
of Fujian Province, while the association with Cd was
the highest in the northeast part. The strongest asso-
ciation between the hospitalization rate of breast cancer
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In this study, we investigated the association of breast
cancer hospitalization rates with socioeconomic factors
county level in the rural population of Fujian Province,
China. Urbanization and road density were positively

and the spatial distribution of soil heavy metals at the
associated with the hospitalization rate of breast cancer.

Fig. 2 Percentage of the contaminated area of soil heavy metals in Fujian
and road density was found in counties in Northeast and
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Table 3 Summary of parameters in the Quasi-Poisson regression
model in soil heavy metals

Variable Coefficient Standard p-
Error value
As 0.001 0.002 0.781
Cd* 0.005 0.002 0.016
Cr 0.001 0.005 0.773
Cu -0.004 0.011 0.740
Hg 0.000 0.000 0.103
Ni -0.001 0.004 0.797
Pb 0.000 0.002 0.951
Hg 0.000 0.000 0.103

*Results statistically significant

Model adjusted for urbanization and road density

Intercept Urbanization

Coeficents

-037-000
< == 0.01-040
[R"va o -—041-082

Coefficients

-8.87--7.12
--7.12--6.16
--6.16--3.97

cd Road Density

Coefficients

-1.00-0.00
B 0.01-069
I 0.70-1.73

Coeffcients
-4.56 - 0.00 0 50 100 200 KM
[

mm0.01-056
mm 0.56- 3.15

Fig. 3 Parameters of predicting variables by county in the GWPR
The red color on the map indicates a higher value of a local parameter
estimate

We further used geographically weighted Poisson regres-
sion analysis to explore the spatial relationship between
Cd, road density, urbanization and the hospitalization
rate of breast cancer. We found a stronger spatial associa-
tion of Cd, road density and breast cancer in the north-
east of Fujian, while the spatial relationship between
urbanization and breast cancer was in western Fujian.
Due to the different spatial distributions of environ-
mental and socioeconomic factors, the distribution of
disease presents dramatic spatial heterogeneity in geo-
graphic regions. Our study found a distinct pattern of
breast cancer hospitalization in Fujian Province, charac-
terized by significantly higher clusters in the southeast of
Fujian versus lower clusters in southern regions. The spa-
tial autocorrelation analysis further showed three high
clusters (A, B, C), two low clusters (a,b), and one high-low
cluster(L) for the hospitalization of breast cancer. This
spatial distribution may be partly because of the uneven
distribution of medical resources for the rural popula-
tion in Fujian province, with most provincial and high-
quality hospitals located in relatively developed coastal
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cities. However, it’s worth noting that the developing area
(C) had a high hospitalization rate, suggesting stronger
demand for medical resources and unequal resource dis-
tribution in this area. Recently, due to the rapid economic
development in China [36], even people in developing
areas in Fujian province have increased their incomes
and improved health awareness of cancer. In addition,
women have more frequent exposure to environmental
pollutants (such as heavy metals, noise and dioxins) [37],
resulting in an increased incidence of breast cancer and
demand for related health services. Therefore, sufficient
attention should be paid to the areas in need and imme-
diate action should be taken to improve the fairness of
medical resources allocation in Fujian province.

In this study, we found a positive association between
urbanization and breast cancer hospitalization in the
majority of the counties, which was consistent with the
previously reported association between urbanization
and breast cancer risk [38-43]. In recent years, more
resources have shifted in China towards the development
of small towns, especially in southeastern coastal areas of
China, implying that these areas are experiencing a rapid
development period [44]. Women in these areas may
have a higher living standard, increased health awareness,
and were more likely to afford breast cancer treatments.
In addition, the development of economy may also lead
to more life pressures, higher body mass index(BMI) [45],
and changes in women'’s lifestyle and reproductive behav-
iors [12, 46], which are known risk factors for breast can-
cer and may be responsible for the observed associations.

Together with the increase of urbanization, road
density is also increasing in China recently. Positive
association between road density and breast cancer hos-
pitalization was found in many counties, possibly due
to several reasons. First, higher road density means that
there may be more traffic pollution. Studies on traffic-
related pollutants have suggested that NO, might be
associated with a higher risk of breast cancer [47, 48].
PAHs, mainly originating from traffic, were also associ-
ated with breast cancer [49]. What’s more, one recent
study from a Danish nationwide cohort found that road
traffic noise was related to an increased risk of breast
cancer [50]. Second, a higher road density also means
more convenient transportation to medical institutions
[51], which would consequently increase the number of
hospitalizations. The strongest association between the
low hospitalization rate of breast cancer and low road
density in Southwest Fujian further supported this pos-
sibility, considering the quite limited medical resources
in western Fujian. However, the strong association in
Northeast Fujian might be the result of environmental
pollution.

We observed substantial geographic heterogene-
ity in the association between Cd and breast cancer
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hospitalization, with the strongest association observed
among women in the northeast region (region D). Cd has
been classified as a known carcinogen [52]. The increased
hospitalization for breast cancer in regions with higher
Cd pollution is biologically plausible as Cd is involved in
the carcinogenesis of breast cancer by activating ER [53,
54], inducing cell proliferation, differentiation, and apop-
tosis [55, 56], and modulating gene expression. Epidemi-
ological studies have also indicated that urinary Cd levels
were higher in breast cancer patients than in normal con-
trols [57, 58], while breast cancer tissue had four times
higher Cd levels than surrounding healthy tissue [31].

Considering the geographical disparity of risk fac-
tors for breast cancer hospitalization, different measures
should be taken to improve women’s health. In west-
ern areas, which are in the rapid development stage,
urbanization is the main risk factor for breast cancer
and women have more demand for high quality medi-
cal resources. Health education to increase awareness
of socioeconomic and lifestyle risk factors might reduce
their future risk of breast cancer. In addition, regular
screening services could be provided to detect breast
cancer earlier and avoid hospitalizations caused by severe
diseases. What’s more, for those coastal east areas, road
density and Cd are the main risk factors. It is therefore
vital to strengthen environmental governance, such as
limiting the discharge of industrial heavy metals, espe-
cially Cd, and promoting the use of electric vehicles.

The major strength of our study is the use of geo-
graphically weighted regression models, which are able
to detect the spatially varied magnitude of the associa-
tions and provide insight into priority regions for health
resource planning and allocation. Moreover, we had
access to a variety of data on socioeconomic factors and
soil heavy metals, allowing us to explore the potential
influencing factors.

Despite these, our findings should be interpreted in
the context of several limitations. First, the design of
ecological studies limits the ability to prove causality.
The observed associations may be influenced by many
unobserved confounding factors, such as other cultural
factors, policy factors, and other natural factors. Sec-
ond, the research unit of this paper is the county level
divided by administrative regions. However, the distri-
bution of environmental factors may be related to the
natural geographical environment, and the correspond-
ing effect might be attenuated. Subsequent studies are,
therefore, needed to confirm the relationship between
Cd and breast cancer using regions divided by the natural
environment.
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Conclusion

Soil Cd pollution, road density, and urbanization were
associated with breast cancer hospitalization in southeast
China. The findings in this paper will help to understand
the regional impact of Cd, road density and urbanization
on the hospitalization rate of breast cancer, and provide
valuable reference for the prevention strategy for breast
cancer in southeast China and similar regions.
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