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Abstract

Background: There have been reports on regional variation in prevalence of hepatitis B and C, and Clonorchis
sinensis (C. sinensis) infection, which indicates potential of spatial variation in liver cancer and gallbladder cancer
incidence in Korea. Therefore, we aimed to assess the regional variation of liver and gallbladder cancer incidence
and its determinants based on the regional distribution of risk factors, including hepatitis B infection in Korea.

Methods: This study used an ecological study design and district-level cancer incidence statistics generated by the
National Cancer Center. Spatial clusters of liver and gallbladder cancer incidence were detected based on spatial
scan statistics using SaTScan™ software. We set the size of maximum spatial scanning window of 25 and 35% of the
population at risk for analyses of liver and gallbladder cancer, respectively. Significance level of 0.05 was used to
reject the null hypothesis of no cluster. We fitted the Besag-York-Mollie model using integrated nested Laplace
approximations to assess factors that influence the regional variation in cancer incidence.

Results: Spatial clusters with high liver cancer incidence rates were detected in the southwestern and southeastern
regions of Korea. High gallbladder cancer incidence rates are clustered in the southeastern region. Regional liver
cancer incidence can be accounted for the prevalence of high household income (coefficient, − 0.10; 95% credible
interval [CI], − 0.18 to − 0.02), marital status (coefficient, − 0.14; 95% CI, − 0.25 to − 0.03), the incidence of hepatitis B
(coefficient, 0.87; 95% CI, 0.29 to 1.44), and liver cancer screening (coefficient, 0.06; 95% CI, 0.00 to 0.12), while
gallbladder cancer incidence was related to the prevalence of high household income (coefficient, − 0.03; 95% CI,
− 0.05 to 0.00) and living close to a river with a high prevalence of liver fluke infection (coefficient, 0.55; 95% CI, 0.14
to 0.96).

Conclusions: This study demonstrated geographic variation in liver and gallbladder cancer incidence, which can be
explained by determinants such as hepatitis B, income, marital status, and living near a river.

Keywords: Spatial analysis, Disease hotspot, Liver neoplasms, Gallbladder neoplasms, Incidence, Korea, Bayesian
analysis
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Background
In 2017, liver cancer was still the sixth most commonly
diagnosed cancer type in Korea (age-standardized inci-
dence rates [ASR]: 26.8 and 7.2 per 100,000 for men and
women, respectively), despite a continuous decreasing
trend in its incidence rate from 1999 to 2017 [1]. Gall-
bladder cancer is a relatively rare type of cancer com-
pared to other major cancer types in Korea (ASR: 8.0
and 5.5 per 100,000 for men and women, respectively);
however, there was no significant decrease in the inci-
dence rate from 1999 to 2017, and approximately 7000
people in Korea are still diagnosed with gallbladder can-
cer annually, of which 5000 people die.
Hepatitis B and C viruses and Clonorchis sinensis

(C. sinensis), the Chinese liver fluke, are well-known
risk factors for liver cancer supported by sufficient
evidence [2, 3]. Additionally, clonorchiasis, an infec-
tious disease caused by C. sinensis, has also reportedly
been associated with the development of gallbladder
stones [4] which has been suggested as a risk factor
for gallbladder cancer [5, 6].
In Korea, there have been reports of regional varia-

tions in the prevalence of hepatitis B and C. sinensis.
The prevalence of positive hepatitis B test results in Jeju
Island, Gwangju, Busan, and the South Jeolla, and South
Gyeongsang provinces was significantly higher than that
of other regions [7]. Another study also reported a
higher prevalence of C. sinensis infections in five major
river basins in Korea [8]. Additionally, a higher preva-
lence of liver fluke infection was observed among gastro-
intestinal disease patients whose residence or place of
birth was near rivers located in the Gyeongsang and
South Jeolla provinces than among patients who lived or
were born in regions near rivers located in other divi-
sions [9]. These results imply that regional variation has
the potential to cause a difference in liver and gallblad-
der cancer incidence rates in Korea due to regional dif-
ferences in the prevalence of hepatitis B and C. sinensis.
In 2016, statistics on the incidence of 24 types of can-

cer in the Sigungu district unit, a second-level adminis-
trative district in South Korea, were released by the
National Cancer Center for the first time [10]. A high in-
cidence of liver cancer in southern regions including the
South Gyeongsang and South Jeolla provinces and a high
incidence of gallbladder cancer in the Gyeongsang prov-
ince were observed in the reported statistics. However, it
has not yet been determined whether the regions with
high liver and gallbladder cancer incidence rates are a
significant disease cluster which is an uncommon occur-
rence of medical conditions within a particular geo-
graphic location.
The application of spatial analysis in the medical field

is diverse, such as evaluating accessibility to medical re-
sources [11], exploring spatial pattern of disease or

searching for spatial clusters of the diseases aforemen-
tioned, and identifying factors that can explain disease
clusters and regional variations in diseases [12, 13]. It
provides a basis for health policymakers to determine
priorities and distribute healthcare resources and decide
intervention for disease prevention and control [14]. In
cancer research field, studies have been performed to
evaluate the association between environmental factors
and cancer incidence based on spatial analysis [15, 16].
These studies have reported the vulnerable areas for
cancer incidence and suggested environmental factors
that can be considered to resolve it by showing the in-
equality of cancer incidence and suggesting factors that
can explain this imbalance. To date, it has not been eval-
uated that there are spatial clusters (hot spots) of liver
and gallbladder cancer, which are regions where the in-
cidence of disease is significantly higher than that of
other regions, or whether regional factors can account
for regional variations in liver and gallbladder cancer in-
cidence in Korea.
Therefore, we performed this study to identify signifi-

cant spatial clusters of liver cancer and gallbladder can-
cer incidence from 1999 to 2013 in Korea. Furthermore,
we explored factors that could explain the spatial varia-
tions in liver and gallbladder cancer incidence.

Methods
Study design and data preparation
This study was based on an ecological study using
district-level cancer incidence statistics released by the
National Cancer Center and the regional characteristics
of each Sigungu district.
In 2016, the National Cancer Center reported the

Sigungu district-level incidence rates of 24 cancer types
including most common cancers such as stomach, colon
and rectum, lung, thyroid, breast, and liver from 1999 to
2013. They provided crude and age-standardized cancer
incidence rates from three time periods (1999–2003,
2004–2008, and 2009–2013). We selected regional liver
and gallbladder cancer incidence data from the Sigungu
district-level caner incidence data above and used all 741
observations (247 Sigungu district level cancer incidence
rates X 3 preiods) without selecting a regional cancer in-
cidence rate of specific district. Liver and gallbladder
cancers were defined as cancer cases according to the
International Classification of Diseases for Oncology 3rd
edition of C22 and C23-C24, respectively. Gallbladder
cancer includes malignancies in the gallbladder and
other or unspecified parts of the biliary tract.
We defined administrative boundaries, including 247

Sigungu districts, in 2004 as standard boundaries for dis-
trict units in this study and obtained the administrative
boundary shapefile from the Statistical Geographic In-
formation Service (https://sgis.kostat.go.kr/).
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For the periods of 1999–2003 and 2009–2013, some
Sigungu districts were combined or separated; therefore,
their boundaries differed to those of Sigungu districts
obtained in 2004. Thus, for areas that needed to be com-
bined, we assigned the weighted mean of cancer inci-
dence rates using the proportion of the number of
residents in Sigungu areas that were combined into one
area. For the Sigungu districts that were separated into
smaller regions, we allocated the same cancer incidence
rates in the Sigungu district before they were separated
into the smaller districts.
We considered several covariates, including demo-

graphic factors, socioeconomic status, health behavior,
and health care utilization to explain the regional vari-
ation in liver and gallbladder cancer incidence. Covariate
information was obtained from the Korea Community
Health Survey (KCHS) data, which are representative
community-based data gathered for the purpose of pro-
moting the planning, implementation, monitoring, and
evaluation of community health and disease prevention
programs in Korea [17]. Information on the covariates
considered in this study is presented in Supplementary
Table 1. We summarized the individual-level informa-
tion of covariates into Sigungu-level information by cal-
culating the proportion of categorical variables. Subjects
included in the KCHS were selected using multistage
sampling to estimate representative statistics of the over-
all Korean population. To achieve unbiased estimates of
the proportion or mean of covariates, sampling compo-
nents (strata and cluster) and appropriate sampling
weight were considered in the analyses. The survey pro-
cedures using SAS software (version 9.4; SAS Institute,
Cary, NC, USA), which was developed for complex sur-
vey data analysis, was used in this study.
Although C. sinensis infection is a substantial risk fac-

tor for liver and gallbladder cancer, information on the
prevalence of C. sinensis in each district is not available.
Thus, we used the minimum distance from the national
rivers located in regions showing a high prevalence of C.
sinensis infection at the centroid of each Sigungu district
as a proxy variable for C. sinensis infection. Calculation
of distance from the rivers to the centroid, as described
above, was performed using ArcGIS version 9.3 software
(ESRI, Redlands, CA, USA). Since we hypothesized that
liver and gallbladder cancer incidence rates in regions
near the river with high C. sinensis infection were differ-
ent to those in other regions, we classified the distance
between the river and centroid of each Sigungu as di-
chotomous variables (distance < 10 km vs. ≥10 km) ra-
ther than using continuous values.

Spatial cluster analysis
A spatial cluster for liver and gallbladder cancer inci-
dence during three periods (1999–2003, 2004–2008, and

2009–2013) was identified based on the spatial scan sta-
tistics using SaTScan software™ with a normal model
[18]. Spatial clusters can be recognized by imposing a
scanning window, which is a potential candidate cluster,
on the map, and comparing the expected value inside
the window to the observed value by calculating the like-
lihood ratio. The spatial cluster is explored by repeti-
tively calculating the likelihood ratio of each scanning
window according to changing the location and size of
the window, and defining the window with the max-
imum likelihood ratio as the first spatial cluster. The
same process is performed to find secondary clusters
that do not spatially overlap with the most likely cluster.
We used an elliptic scanning window rather than a cir-
cular scanning window to detect long and narrow clus-
ters with different shapes and directions.
The window size has a significant influence on the lo-

cation and size of the cluster. If the window is too small,
an actual cluster that is larger than the window may not
be detected or only a partial area within the cluster will
be discovered. Conversely, if the window is too large,
there is a possibility that a small but meaningful cluster
will be missed. Therefore, we searched for spatial clus-
ters by changing the maximum spatial cluster size from
10 to 50% in 5% increments and finding the best fitted
model based on the lowest value of the sum of the log
likelihood ratios with consideration of penalty term con-
sisting of the population in the identified clusters and
the number of clusters. Consequently, maximum spatial
scanning window sizes of 25 and 35% of the population
at risk for liver and gallbladder cancer were used in the
analyses. Monte Carlo simulation method was used to
deal with the multiple comparison problem in the clus-
ter analysis and p-values were generated based on 999
simulations. We mapped age-standardized incidence
rates and spatial clusters for liver cancer and gallbladder
cancer using the open-source geographic information
system software QGIS™ (version 3.10).

Assessment of determinants on regional variation in liver
and gallbladder cancer incidence
We explored determinants that can explain regional
variability in liver and gallbladder cancer incidence based
on the Bayesian hierarchical spatial regression model.
Before constructing the spatial model, we selected covar-
iates to be included in the model to take the possibility
of multicollinearity into consideration. We chose covari-
ates that have the potential to be associated with liver
and gallbladder cancer incidence by evaluating the asso-
ciation of each covariate with liver and gallbladder can-
cer based on the univariable linear regression model and
selecting covariates with p-values < 0.2. Then, we con-
structed a multivariable model including all the selected
covariates and estimated the variance inflation factors of
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each covariate. Finally, we determined covariates to es-
tablish the spatial model by excluding variables with
variance inflation values ≥5.
We used the Besag-York-Mollie model to find deter-

minants that could explain regional variation in liver and
gallbladder cancer incidence with consideration of auto-
correlation among regional cancer incidence rates and
characteristics. The association between the potential
determinant and the regional incidence rate of liver and
gallbladder cancer was assessed by estimating the coeffi-
cient and two-tailed 95% CIs with a significance level of
0.05.
The spatial model was specified as eq. (1) below:

yi � Normal μi; σ ið Þ μi ¼ αþ
XK

k¼1

βikxi þ νi þ υi ð1Þ

·μ_i:linear prediction term;
·α:intercept;
·β_ik:coefficient for each potential determinant;
·ν_i:spatially unstructured random effect component;
·υ_i:spatially structured component
·i:each sigungu district number;
·k:each covariate number included in the model
Among parameters in the model, coefficient for each

potential determinant (βik) indicates correlation between
regional prevalence of characteristics and regional inci-
dence of liver and gallbladder cancer. For example, the
coefficient value of 1 indicates 1% increase in regional
prevalence of certain characteristic is associated with in-
crease in 1 cancer case per 100,000 persons.
To reduce the computational burden of Bayesian infer-

ence based on the Markov chain Monte Carlo methods,
we performed Bayesian inference for the spatial model
using integrated nested Laplace approximation. We

assigned a non-informative prior probability distribution
because information on the priors was not obtainable.
All data management and statistical analyses were per-
formed using SAS software and R software version 3.6.2,
with the R-INLA package.

Results
Choropleth maps for liver cancer incidence in Korea
from three periods (1999–2003, 2004–2008, and
2009–2013) are presented in Fig. 1. From 1999 to
2013, a steady decrease in liver cancer incidence rate
was observed (ASR, 27.5/100,000 for 1999–2003; ASR,
25.8/100,000 for 2004–2008; and ASR, 22.7/100,000
for 2009–2013, respectively) (Table 1). Liver cancer
incidence rates in the Gangwon province (northeast
province), South Gyeongsang province (southeast
province), and South Jeolla province (southwest prov-
ince) were higher than those in other regions. How-
ever, a significant spatial cluster for liver cancer
incidence was observed only in the southeast and
southwest regions during all three periods (Fig. 2).
The incidence rates of liver cancer in the region in-
side and outside the cluster are estimated to be 34.4
and 27.4 per 100,000 in 1999–2003, 31.9 and 25.6 per
100,000 in 2004–2008, and 28.7 and 22.6 per 100,000
in 2009–2013, respectively (Table 1).
We compared the regional characteristics between re-

gions inside and outside the spatial cluster (Supplemen-
tary Table 2). The prevalences of hepatitis B infection,
heavy alcohol consumption, receiving liver cancer
screenings, who were married people and living with
their spouses, visiting a public health center at least once
within the last year, and people who were diagnosed
with gastroduodenal ulcers in the spatial cluster region
with high liver cancer incidence was significantly higher

Fig. 1 Choropleth maps of age-standardized incidence rates for liver cancer in Korea. A Choropleth maps of liver cancer incidence rates from
1999 to 2003, B Choropleth maps of liver cancer incidence rates from 2004 to 2008, and C Choropleth maps of liver cancer incidence rates from
2009 to 2013
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than those of regions outside the cluster (all p-values <
0.05). In contrast, the regional prevalence of high house-
hold income (≥500,000 won), a higher percentage of
males in the population, and obesity was lower in the
cluster region with high liver cancer incidence than in
the areas outside the clustered region (all p-values <
0.05). The proportion of Sigungu districts located within
10 km of the national rivers near the basin that showed
high C. sinensis infection prevalence was larger in the
spatially clustered region (60.8%) than outside the clus-
tered region (27.8%) (p < 0.01).
Furthermore, we evaluated the association between the

characteristics of each Sigungu district and the liver can-
cer incidence rate based on the Bayesian spatial regres-
sion model to take the spatial dependence in the
neighborhood into account (Table 2). The regional liver
cancer incidence rate was negatively associated with the
regional prevalence of high household income (coeffi-
cient, − 0.10; 95% CI, − 0.18, − 0.02) and people living
with their spouses (coefficient, − 0.14; 95% CI, − 0.25 to
− 0.03). A 1% increase in the regional prevalence of pa-
tients with hepatitis B infections was significantly linked

to an increase of 0.87 per 100,000 (95% CI, 0.29 to 1.44)
in the liver cancer incidence rate. A high regional pro-
portion of people who had undergone liver cancer
screening at least once within the last year was signifi-
cantly related to elevated regional liver cancer incidence
(coefficient, 0.06; 95% CI, 0.00 to 0.12.)
No significant decrease in gallbladder cancer incidence

rates in 1999–2013 was observed in Korea (ASR, 6.7/
100,000 for 1999–2003; ASR, 6.9/100,000 for 2004–
2008; and ASR, 6.5/100,000 for 2009–2013, respectively)
(Table 1) as reported by the National Cancer Center.
Higher gallbladder incidence rates in 2009–2013 than
those in 1999–2003 were observed in several Sigungu
districts.
Higher incidence rates for gallbladder cancer were

mainly observed in South Gyeongsang province than in
other regions in all three periods from 1999 to 2013
(Fig. 3). Spatial clusters for gallbladder cancer incidence
consistently included regions within the South Gyeong-
sang province from 1999 to 2013 (Fig. 4). For the pe-
riods 1999–2003 and 2009–2013, the spatial cluster for
gallbladder cancer also comprised several Sigungu

Table 1 Age-standardized incidence rates for liver and gallbladder cancer in 1999–2003, 2004–2008, and 2009–2013 in Korea

Period Liver cancer Gallbladder cancer

Inside the cluster Outside the cluster Total area Inside the cluster Outside the cluster Total area

N of
districts

Incidence
ratea

N of
districts

Incidence
ratea

Incidence
ratea

N of
districts

Incidence
ratea

N of
districts

Incidence
ratea

Incidence
ratea

1999–
2003

74 34.4 173 27.4 27.5 75 8.4 172 6.1 6.7

2004–
2008

74 31.9 173 25.6 25.8 53 9.0 194 6.4 6.9

2009–
2013

74 28.7 173 22.6 22.7 74 8.0 173 6.1 6.5

Abbreviation: N Number
aAge standardized incidence rate (cases per 100,000)

Fig. 2 Spatial cluster of liver cancer incidence rates in Korea. A Spatial cluster of liver cancer incidence from 1999 to 2003, B Spatial cluster of liver
cancer incidence from 2004 to 2008, and C Spatial cluster of liver cancer incidence from 2009 to 2013
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districts within the North and South Jeolla provinces. Es-
timated gallbladder cancer incidence rates of regions in-
side and outside the cluster were 8.4 and 6.1 per 100,000
in 1999–2003, 9.0 and 6.4 per 100,000 in 2004–2008,
and 8.0 and 6.1 per 100,000 in 2009–2013, respectively
(Table 1).
Regions within the spatial cluster with high gall-

bladder cancer incidence rates had low prevalences

of high household income, living with a partner,
male, moderate physical activity, and obesity (all p-
values < 0.05) (Supplementary Table 3).
Spatial analysis was performed to identify the determi-

nants of regional variation in gallbladder cancer inci-
dence (Table 3). High regional prevalence of high
household income (≥500,000 won) was correlated with a
decreased gallbladder cancer incidence rate (coefficient,

Table 2 Association between regional characteristics and age-standardized incidence rates for liver cancer in 2009–2013 in Korea

Prevalence of characteristics (%) Median Range N (%) Coefficient Lower 95% CI Upper 95% CI

Basic livelihood security recipient 3.7 0.3–12.8 – 0.09 −0.20 0.37

House income ≥500,000 won 10.6 2.0–51.9 – − 0.10 − 0.18 − 0.02

Living with a partner 65.1 50.7–72.3 – − 0.14 − 0.25 − 0.03

Heavy alcohol consumptiona 6.5 2.7–12.0 – 0.05 −0.27 0.37

Heavy smokingb 1.8 0.1–4.4 – 0.15 − 0.05 0.34

Moderate physical activityc 5.5 0.6–18.8 – 0.06 −0.10 0.21

Walkingd 17.0 2.8–31.7 – −0.06 −0.15 0.03

Hepatitis B diagnosis 1.8 0.2–4.3 – 0.87 0.29 1.44

Gastroduodenal ulcer diagnosis 2.5 0.3–11.2 – 0.13 −0.14 0.40

Diabetes mellitus diagnosis 6.3 2.2–9.9 – 0.16 −0.22 0.54

Health checkupe 58.8 49.3–70.7 – −0.04 −0.18 0.10

Liver cancer screening examinee within the last 2 years 20.9 7.7–61.2 – 0.06 0.00 0.12

Public health center usagef 27.2 7.7–82.4 – 0.02 −0.05 0.08

Distance from rivers < 10 kmg – – 93 (37.7) −0.86 −1.85 0.13

Abbreviations: N Number, CI Credible interval
aAlcohol consumption occasions ≥2–3 times per week
bSmoking ≥20 cigarettes per day
cModerate and vigorous physical activity ≥4 times per week
dWalking physical activity ≥4 times per week
eReceiving health checkup at least once within the last 2 years
fVisiting public health center at least once within the last year
gDistance from rivers located in regions with high C. sinensis infection prevalence to the centroid of each district < 10 km

Fig. 3 Choropleth maps of age-standardized incidence rates for gallbladder cancer in Korea. A Choropleth maps of gallbladder cancer incidence
from 1999 to 2003, B Choropleth maps of gallbladder cancer incidence from 2004 to 2008, and C Choropleth maps of gallbladder cancer
incidence from 2009 to 2013
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− 0.03; 95% CI, − 0.05 to 0). The region near the national
rivers, which is known for a high incidence of C. sinensis
infection, had a high gallbladder cancer incidence rate
(coefficient, 0.55; 95% CI, 0.14 to 0.96).

Discussion
In this study, we demonstrated geographical variations in
the incidence of liver and gallbladder cancer in 1999–2013
in Korea. Significant spatial clusters for liver cancer

incidence were identified in the South Jeolla and South
Gyeongsang provinces throughout the study period. For
gallbladder cancer, spatial clusters included almost the en-
tire area in the South Gyeongsang province and several
Sigungu districts in the North and South Jeolla provinces.
Furthermore, we examined the determinants of geo-

graphical variation in the incidence of liver and gallblad-
der cancer. As hypothesized, the high regional
prevalence of hepatitis B infection was significantly

Fig. 4 Spatial cluster of gallbladder cancer incidence rates in Korea. A Spatial cluster of gallbladder cancer incidence rates from 1999 to 2003, B
Spatial cluster of gallbladder cancer incidence rates from 2004 to 2008, and C Spatial cluster of gallbladder cancer incidence rates from 2009
to 2013

Table 3 Association between regional characteristics and age-standardized incidence rates for gallbladder cancer in 2009–2013 in
Korea

Prevalence of characteristics (%) Median Range N (%) Coefficient Lower 95% CI Upper 95% CI

Basic livelihood security recipient 3.7 0.3–12.8 – 0.04 −0.07 0.14

House income ≥500,000 won 10.6 2.0–51.9 – −0.03 −0.05 0.00

Living with a partner 65.1 50.7–72.3 – −0.03 −0.07 0.01

Heavy alcohol consumptiona 6.5 2.7–12.0 – −0.06 −0.18 0.05

Heavy smokingb 1.8 0.1–4.4 – 0.00 −0.07 0.07

Moderate physical activityc 5.5 0.6–18.8 – −0.04 −0.09 0.02

Walkingd 17.0 2.8–31.7 – −0.00 −0.03 0.03

Hepatitis B diagnosis 1.8 0.2–4.3 – 0.12 −0.08 0.33

Gastroduodenal ulcer diagnosis 2.5 0.3–11.2 – −0.07 −0.17 0.02

Diabetes mellitus diagnosis 6.3 2.2–9.9 – −0.11 −0.24 0.03

Health checkupe 58.8 49.3–70.7 – 0.03 −0.02 0.08

Liver cancer screening examinee within the last 2 years 20.9 7.7–61.2 – 0.00 −0.02 0.02

Public health center usagef 27.2 7.7–82.4 – 0.01 −0.02 0.03

Distance from rivers < 10 kmg – – 93 (37.7) 0.55 0.14 0.96

N Number, CI Credible interval
aAlcohol consumption occasions ≥2–3 times per week
bSmoking ≥20 cigarettes per day
cModerate and vigorous physical activity ≥4 times per week
dWalking physical activity ≥4 times per week
eReceiving health checkup at least once within the last 2 years
fVisiting public health center at least once within the last year
gDistance from rivers located in regions with high C. sinensis infection prevalence to the centroid of each district < 10 km
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correlated with an increase in the liver cancer incidence
rate. Additionally, the districts with high proportions of
high household income and people living with their
spouses tended to have low liver cancer incidence rates.
The regional proportion of people receiving liver cancer
screening within the last 2 years was positively associated
with the regional incidence rate of liver cancer. The high
regional prevalence of high household income was sig-
nificantly associated with a low gallbladder cancer inci-
dence rate. We also found that the high gallbladder
cancer incidence rate was linked to living in the Sigungu
districts near rivers located in areas with a high preva-
lence of C. sinensis infection.
Other studies have aimed to assess the geographic pat-

tern of liver cancer incidence and to identify factors
linked to regional variation in liver cancer incidence
rates [19–21], similar to this study. However, one of the
abovementioned studies was limited to finding spatial
clusters for liver cancer and simply comparing the socio-
demographic characteristics between the clustered re-
gions and the rest of the state [19]. Other studies were
similar to the present study in that they tried to identify
factors that could explain regional variation based on
spatial analysis. In New York City, it was found that the
spatial distribution of liver cancer incidence can be
linked to hepatitis B and C incidence and poverty [21].
However, major risk factors for liver cancer, such as
smoking or alcohol consumption, were not considered
in the analysis. Another study aimed to explain regional
differences in liver cancer incidence in the province of
Ontario, Canada based on a spatial model including po-
tential determinants ranging from age, sex, geographic
location, immigration, smoking, alcohol consumption,
physical activity, obesity, fruit and vegetable preference,
diabetes, education level, and income [20]. This study
differs from our study in that information on hepatitis B
or C infection was not available and only the proportion
of immigrants could account for the geographical vari-
ation in the incidence of liver cancer.
Spatial analysis of the incidence of gallbladder cancer

has rarely been conducted, and only a few studies have
been performed to explore the regional distribution of
gallbladder cancer mortality rates and their associated
factors [22–24]. Moreover, in the case of the above stud-
ies, the only factor expected to affect gallbladder cancer
mortality was living near industrial areas, or even if po-
tential determinants including typhoid fever, ethnicity,
socioeconomic status, and cholecystectomy were consid-
ered, there was a limitation in their spatial analyses,
namely that autocorrelation was not considered.
The findings on the determinants of geographical vari-

ation in liver cancer incidence are plausible. We found
that regional liver cancer incidence was positively corre-
lated with hepatitis B infection, which was defined as a

class I carcinogen by the International Agency for Re-
search on Cancer [25]. Based on the existing reports of
the regional variation in the incidence of hepatitis B in
Korea [7], the significant association between regional
variation in hepatitis and liver cancer incidence is suffi-
ciently explanatory.
This study also supports the hypothesis that some part

of the spatial variability in liver cancer incidence is due
to household income and marital status. Several studies
have reported that people with a low socioeconomic sta-
tus have an increased risk for liver cancer [26, 27] may
be due to poor health behaviors including alcohol con-
sumption [28], smoking [29], and high hepatitis B [30]
and C incidence rates [31]. However, regional variations
in alcohol consumption and smoking could not be at-
tributed to the spatial variation in liver cancer incidence
in this study, and household income was still correlated
with the regional liver cancer incidence rate even after
adjusting for the impact of alcohol consumption, smok-
ing, and hepatitis B infection. These results suggest that
factors other than alcohol consumption, smoking, and
hepatitis B result in regional variability in liver cancer in-
cidence in Korea.
Studies on the impact of marital status on health be-

havior have shown that people living with a partner are
less likely to drink alcohol, smoke, and be obese than
people living without a partner [32]. Furthermore, it was
reported that unmarried people are more likely to be un-
aware of the fact that they have a hepatitis B infection;
as a result, there is a possibility that they are not able to
take appropriate measures to prevent liver cancer devel-
opment [33].
Part of the regional variation in liver cancer incidence

could be explained by regional differences in liver cancer
screening in this study. This may be derived from that
low stage or small tumors could be detected more fre-
quently in areas with a high liver cancer screening
prevalence.
Household income and distance from rivers near dis-

tricts with high liver fluke infection prevalence were sig-
nificantly associated with regional variability in
gallbladder cancer incidence in this study. The negative
correlation between regional household income and gall-
bladder cancer incidence rates can be interpreted as a
significant association between socioeconomic status
and health behaviors and conditions, including obesity
[34], smoking [29], and alcohol consumption [28] which
are known risk factors for gallbladder cancer.
It is scientifically plausible that the districts located

within 10 km from the national rivers near areas with
high C. sinensis infection prevalence have a higher inci-
dence rate of gallbladder cancer than other districts that
are not. C. sinensis is a well-known risk factor for gall-
bladder cancer [3]. There have been reports on regional
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variation in C. sinensis infection prevalence in Korea [8,
9]; therefore, the possibility of spatial variability in gall-
bladder cancer incidence in Korea due to C. sinensis in-
fection has been considered. Additionally, there was a
recent study on the regional variation in gallbladder can-
cer incidence rates across 16 cities and provinces in
Korea [35]. The authors suggested C. sinensis as a factor
influencing regional variation in gallbladder cancer inci-
dence in the same study; however, this has a limitation
in that it was just a suggestion based on a literature re-
view, not an inference based on an analysis. Although in-
formation on the regional prevalence of C. sinensis
infection could not be obtained in this study, for the first
time, the association between regional variations in gall-
bladder cancer and C. sinensis infection prevalence in
Korea was more objectively presented because the dis-
tance from the four national rivers located in the region
with high C. sinensis infection was included as a proxy
variable in the spatial analysis.
Several limitations should be considered when inter-

preting the results of this study. First, this study was per-
formed based on an ecological study design; thus, the
establishment of causal relationships based on our re-
sults requires caution. Second, we used district-level ag-
gregated information on disease outcome and its
potential risk factors; therefore, loss of information may
arise compared to the use of individual-level data to as-
sess regional variation in disease outcome and its deter-
minants. Third, the latency period between carcinogen
exposure and cancer development was not considered in
this study. However, considering that we used covariate
information collected before cancer incidence informa-
tion and regional characteristics such as sociodemo-
graphic status, health behaviors, and the fact that health
care utilization may not change dramatically in a short
period, lack of consideration of the latency period might
not have a significant impact on the association between
regional liver and gallbladder cancer incidence and its
determinants. Fourth, information on major risk factors
for liver and gallbladder cancer, including C. sinensis
and gallstones, is lacking. Therefore, we used the dis-
tance between major rivers known to be near areas with
high C. sinensis infection and the centroid of each
Sigungu district as a proxy variable for the regional char-
acteristics of C. sinensis infection. Fifth, we did not con-
sider the stage of cancer in the analysis. The positive
correlation between the liver cancer screening preva-
lence and the regional liver cancer incidence rate might
be interpreted as the early detection of cancer. If the
liver cancer stage could be determined, we might be able
to provide evidence on whether the significant associ-
ation between the regional prevalence of liver cancer
screening and regional liver cancer incidence rate is the
result of early detection or because there are many

residents with symptoms in the region with high liver
cancer screening prevalence.
Despite the limitations above, this is the first national

study to identify the spatial clusters of liver and gallblad-
der cancer incidence rates across Korea and to identify
the determinants of regional variability based on spatial
analysis. Spatial autocorrelation of disease outcomes and
potential determinants was considered by assigning
neighbor spatial weights to the spatial model. Therefore,
estimations of the association between regional charac-
teristics and regional liver and gallbladder cancer inci-
dence would be less biased than estimations obtained
from a simple regression model.

Conclusions
This is an exploratory study that can provide a better
understanding of the spatial epidemiology of liver and
gallbladder cancer and provide a basis for cancer preven-
tion and control by assessing the determinants of re-
gional distribution of liver and gallbladder cancer. We
found regional variability in liver and gallbladder cancer
incidence rates in Korea. The determinants of liver can-
cer were socioeconomic status, hepatitis B infection inci-
dence, and regular liver cancer screening, while
household income and the distance between each dis-
trict and rivers near the region with high C. sinensis in-
fection prevalence were determinants of gallbladder
cancer.
The results of this study provide a basis for the neces-

sity of identifying modifiable risk factors of liver and
gallbladder cancer such as hepatitis B and C. sinensis in-
fections in regions with high incidence rates of liver and
gallbladder cancer and implementing appropriate med-
ical resource distribution. If the potential determinants
of regional variation in liver and gallbladder cancers are
more diverse and analyses based on individual-level data
are performed in subsequent studies, it is expected that
a more effective solution can be found to resolve the re-
gional inequity of liver and gallbladder cancers and to
lower the incidence of cancer.
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