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Abstract
Background: Spatial analyses and ecological studies are essential for epidemiology and public
health. The present study combining these two methods was performed to identify spatial clusters
of selected types of cancer in Japan and to determine their societal characteristics focusing on
homogeneity among clusters.

Results: Spatial clusters of high mortality rates of male colon and lung cancer and of female breast
cancer were identified by the spatial scan statistic using Japanese municipal data (N = 3360) from
1993 to 1998 and also municipalities were divided into four societal clusters based on
socioeconomic indicators and population density (urban-rich, suburban, rural-poor, and clutter).
Five, seven, and four mortality clusters were identified for lung, colon and breast cancer,
respectively. For colon and breast cancer, most municipalities of all except one cluster were
included in a single societal cluster (urban-rich). The municipalities associated with mortality
clusters for lung cancer belonged to various societal clusters.

Conclusion: Increased mortality rates of colon and breast cancer can be explained by
homogenous societal characteristics related to urbanisation, although there were exceptional areas
with higher mortality rates. The regional variation in lung cancer mortality rate appeared to be due
to heterogeneous factors. These findings and the analysis performed in the present study will
contribute to both nationwide and region-specific cancer prevention strategies.

Background
Health levels vary substantially between different regions,
and it is essential to characterise these regional variations
and identify areas with an accumulation of health prob-
lems for epidemiologic research and to allow appropriate
public health policy decisions [1,2]. Recent advancements
in technologies, such as geographic information systems

(GIS), have allowed the application of not only disease
mapping but also spatial analyses, such as spatial cluster-
ing and cluster detection, in epidemiological research [3-
6]. In this context, clusters are defined as unusual concen-
trations of health events in both space and time [1].

Published: 14 June 2005

International Journal of Health Geographics 2005, 4:16 doi:10.1186/1476-072X-
4-16

Received: 28 April 2005
Accepted: 14 June 2005

This article is available from: http://www.ij-healthgeographics.com/content/4/1/16

© 2005 Fukuda et al; licensee BioMed Central Ltd. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
Page 1 of 13
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15953394
http://www.ij-healthgeographics.com/content/4/1/16
http://creativecommons.org/licenses/by/2.0
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/about/charter/


International Journal of Health Geographics 2005, 4:16 http://www.ij-healthgeographics.com/content/4/1/16
Ecological studies examining the relationships between
regional health levels and various characteristics represent
another essential approach in epidemiology and public
health. Although such studies have a number of limita-
tions, especially confounding factors and ecological fal-
lacy, factors that may contribute to regional health
variations can be identified and hypotheses can be formu-
lated for further research [7,8]. Several ecological studies
have demonstrated relationships between mortality and
regional characteristics related to the environment,
health-related behaviour, and economic and demo-
graphic factors in Japan [9-12]. Recent systematic studies
using municipal data regarding all causes and cause-spe-
cific mortality along with large numbers of societal indi-
cators showed substantial relationships between a
region's mortality rate and societal characteristics [13-15].

In general, the relations between health levels and
regional characteristics are examined by correlation and
regression analyses [8-14]. These methods can reveal fac-
tors correlated with regional variations in a specific health
issue across study areas. However, if various factors con-
tribute separately to a health issue for different areas, or
where there is an exceptional factor contributing to a
health issue in a limited area, such analyses would not be
effective in identifying the contributing factors and may
overlook exceptional factors.

The present study was performed to determine whether
areas with a specific health problem have homogeneous
regional characteristics or different patterns of characteris-
tics. We first identified spatial clusters of three common
types of cancer (colon, lung and breast) using the spatial
scan statistic. The societal characteristics of the clusters
were then elucidated, focusing on heterogeneity in the
characteristics among clusters, using municipal data
across Japan.

Results
The result of principle component analysis for seven soci-
oeconomic indicators, to reduce the number of variables
and identify dimensional societal factors, was shown in

Table 1. Two principle components were identified and
they accounted for 78.1% of the total variance inherent in
the data. The meaning of these components was consid-
ered higher unemployment and overcrowding for the first
component and higher income and educational level for
the second component. Component scores of the compo-
nents were assigned to each municipality as societal indi-
ces, designated Index 1 and Index 2, respectively, with a
mean of 0.0 and standard deviation of 1.0.

The results of cluster analysis for the purpose of categori-
zation of municipalities into societal cluster (SC) are
shown in Table 2. SC1 was characterized with high Index
2 and high population density; SC2 with moderate Index
1, Index 2 and population density; SC3 with low Index 1,
Index 2 and population density; and SC4 with high Index
1 and population density and low Index 2. The map of
these societal clusters is shown in Figure 1. Most of munic-
ipalities in the metropolitan areas such as Tokyo, Nagoya,
and Osaka, and most of municipalities of seat of prefec-
tural government belong to SC1. In generally, SC2 are
located surrounding SC1, and SC3 are located in moun-
tain areas. SC4 are separately distributed, including some
municipalities in Okinawa prefecture and the central part
of Osaka. The characteristics of societal clusters were inter-
preted as urban-rich, suburban, rural-poor, and clutter,
respectively.

Table 1: Result of principle component analysis.

Rotated component Matrix from the principle component analysis of 
seven societal indicators.

Societal indicator Component 1 Component 2

Unemployment rate (women) 0.88 -0.10
Unemployment rate (men) 0.87 0.18
Number of rooms per household -0.75 -0.32
Dwelling area per capita -0.77 -0.28
Education level (women) 0.19 0.94
Education level (men) 0.23 0.91
Income per capita 0.07 0.89

Table 2: Characteristics of societal clusters. 

Comparison of societal indices and population density among societal clusters (SC).

Variable Societal cluster

SC1 (N = 507) SC2 (N = 1483) SC3 (N = 1246) SC4 (N = 124)

Index 1: high unemployment and overcrowding 0.89 ± 0.66 -0.08 ± 0.63 -0.54 ± 0.74 2.69 ± 1.23
Index 2: high income and educational level 1.56 ± 1.06 -0.06 ± 0.64 -0.45 ± 0.62 -1.13 ± 0.69
Population density (log) 8.04 ± 0.84 5.75 ± 0.63 3.68 ± 0.83 6.44 ± 1.31
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Municipal standardized mortality ratio (SMR) and the
results of spatial scan statistic for male colon and lung
cancer and female breast cancer are shown in Figures 2, 3
and 4. As shown in Figure 2 (b), the primary cluster for
colon cancer (MC1) included 53 municipalities with a rel-
ative risk (RR) of 1.14, and was located in the Tokyo
metropolitan area. Four additional clusters were also
identified: MC2 was located in the northern part of the
main island (Honshu Island) and Hokkaido Island
(Hokkaido prefecture), MC3 and MC4 were located in
Osaka and Nagoya, which are the second and third largest

metropolitan areas after the Tokyo area, respectively, and
MC5 that included only one city.

The mortality clusters of male lung cancer are illustrated
in Figure 3 (b). The primary cluster (MC1) was located in
an area including Osaka, with RR of 1.17. A total of six sec-
ondary clusters were also identified. The municipalities of
MC2 belonged mainly to Hokkaido prefecture, and those
of MC3 belonged to Okinawa prefecture consisting of the
southern islands. MC4, MC6, and MC7 included the met-

Distribution of societal clustersFigure 1
Distribution of societal clusters. (a) Map of Japan. (b) Municipalities are classified into four societal clusters (SCs) according 
to two societal indices (high unemployment and overcorwing and high income and educational level: see Table 1) and popual-
tion density. The characeritics of clusters are shown in Table 2.
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SMR and mortality clusters for colon cancerFigure 2
SMR and mortality clusters for colon cancer. Municipal standardized mortality ratio (SMR) (a) and mapping of mortality 
clusters (MC) (b) with higher mortality rates from male colon cancer. The clusters were identified by the spatial scan statistic. 
N = number of municipalities belonging to each cluster. RR = relative risk.
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SMR and mortality clusters for lung cancerFigure 3
SMR and mortality clusters for lung cancer. Municipal standardized mortality ratio (SMR) (a) and mapping of mortality 
clusters (MC) (b) with higher mortality rates from male lung cancer. The clusters were identified by the spatial scan statistic. N 
= number of municipalities belonging to each cluster. RR = relative risk.
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SMR and mortality clusters for breast cancerFigure 4
SMR and mortality clusters for breast cancer. Municipal standardized mortality ratio (SMR) (a) and mapping of mortality 
clusters (MC) (b) with higher mortality rates from female breast cancer. The clusters were identified by the spatial scan statis-
tic. N = number of municipalities belonging to each cluster. RR = relative risk.
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Table 3: Relative risk of societal indices, population density and societal cluster. 

Relative risk was estimated by the hierarchical Poisson regression.

Male colon cancer Male lung cancer Female breast cancer

Variable Crude Adjusted a Crude Adjusted a Crude Adjusted a

Societal Index Index 1 1.104 1.062 1.055 1.039 1.124 1.077
Index 2 1.040 1.005* 0.964 0.952 1.097 1.061

Population density (log) 1.064 1.039 1.010 1.017 1.101 1.039
Societal cluster SC1b 1.000 - 1.000 - 1.000 -

SC2 0.903 - 1.011* - 0.827 -
SC3 0.779 - 0.974* - 0.658 -
SC4 0.993* - 1.179 - 0.969 -

aThe model included societal indices and population density. bThe reference for societal clusters. *not significant (p > = 0.05)

Table 4: Relationship between mortality clusters and societal clusters. 

Figures show the number of municipalities and the percentage in parenthesis by mortality cluster.

Mortality cluster a Societal cluster b

SC1 (N = 507) SC2 (N = 1483) SC3 (N = 1246) SC4 (N = 124)

Male colon cancer

MC1 (N = 53) 53 (100.0)
MC2 (N = 228) 8 (3.5) 59 (25.9) 152 (66.7) 9 (3.9)
MC3 (N = 61) 45 (73.8) 7 (11.5) 9 (14.8)
MC4 (N = 27) 25 (92.6) 2 (7.4)
MC5 (N = 1) 1(100.0)

Male lung cancer

MC1 (N = 159) 81 (50.9) 33 (20.8) 33 (20.8) 12 (4.8)
MC2 (N = 289) 8 (2.8) 46 (15.9) 221 (76.5) 14 (4.8)
MC3 (N = 48) 5 (10.4) 6 (12.5) 37 (77.1)
MC4 (N = 54) 28 (51.9) 24 (44.4) 2 (3.7)
MC5 (N = 12) 4 (33.3) 7 (58.3) 1 (8.3)
MC6 (N = 162) 27 (16.7) 94 (58.0) 16 (9.9) 25 (15.4)
MC7 (N = 8) 8 (100.0)

Female breast cancer

MC1 (N = 51) 51 (100.0)
MC2 (N = 68) 57 (83.8) 2 (2.9) 9 (13.2)
MC3 (N = 168) 8 (4.8) 24 (14.3) 126 (75.0) 10 (6.0)
MC4 (N = 15) 15 (100.0)

aMortality cluster (MC) of municipalities with high mortality was identified by the spatial scan statistic: Figures 2-4. bSocietal cluster (SC) of 
municipalities was classified by cluster analysis with two societal indices and population density (see Table 2).
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ropolitan areas of Nagoya, Fukuoka and Tokyo, respec-
tively, while MC5 was located in the mountainous area on
Shikoku Island.

As shown in Figure 4 (b), of the four mortality clusters
identified for female breast cancer, three were located in
metropolitan areas: MC1 in Tokyo, MC2 in Osaka and
MC4 in Nagoya. The centre of the remaining cluster, MC3,
was located in Hokkaido.

RRs of societal indices, population density, and societal
clusters for cancer mortality, which were estimated by the
hierarchical Poisson regression, are shown in Table 3.
Mortality from colon and breast cancers was significantly
and positively related to societal indices and population
density. Mortality from lung cancer was significantly and
negatively related to Index 2. SC2, SC3, and SC4 showed
the lower RR compared to SC1 for colon and breast can-
cers, while SC4 showed the higher RR for lung cancer.

Table 4 shows the relationships between mortality clusters
and societal clusters. For MC1, MC3, MC4 and MC5 in
colon cancer, the dominant societal cluster was SC1. For
MC2 the proportion of SC1 was very low (3.5%), and the
dominant cluster was SC3 (66.7%). In lung cancer, there
were variations in dominant societal clusters. Similar pat-
terns of societal cluster were observed only for MC1 and
MC4 with SC1 as the dominant societal cluster and for
MC2 and MC5 with SC3. In breast cancer, most munici-
palities of MC1, MC2 and MC3 consisted of SC1. For
MC3, the dominant societal cluster was SC3 (75.0%).

Comparisons of mortality clusters before and after adjust-
ment for societal indices, population density, and societal
clusters are shown in Table 5. After adjustment in colon
cancer, MC1, MC3, MC4, and MC5 were not detected or
showed a decrease of RR. In lung cancer, only MC2 was
not detected after adjustment. In breast cancer, MC1, MC2
and MC4 were not detected or showed a decrease of RR,
while MC3 showed an increase of RR after adjustment.

Table 5: Comparisons of crude and adjusted mortality clustering

Mortality clustera Crude Adjusted b Adjusted c

RR p-value RR p-value RR p-value

Male colon cancer

MC1 1.14 <0.001 * 1.10 <0.001
MC2 1.13 <0.001 1.14 <0.001 1.15 <0.001
MC3 1.10 0.002 * *
MC4 1.18 0.015 * *
MC5 1.51 0.02 1.39 0.009 *

Male lung cancer

MC1 1.17 <0.001 1.11 <0.001 1.16 <0.001
MC2 1.12 <0.001 1.08 <0.001 1.10 <0.001
MC3 1.22 <0.001 * *
MC4 1.13 <0.001 1.12 <0.001 1.08 <0.001
MC5 1.66 <0.001 1.61 0.004 1.65 <0.001
MC6 1.08 <0.001 1.13 <0.001 1.09 0.007
MC7 1.13 0.03 1.08 0.02 1.13 <0.001

Female breast cancer

MC1 1.30 <0.001 * 1.22 <0.001
MC2 1.12 <0.001 * *
MC3 1.13 0.01 1.19 <0.001 1.16 <0.001
MC4 1.22 0.045 * *

aMortality cluster (MC) of municipalities with high mortality was identified by the spatial scan statistic: Figures 2-4. bAdjusted for relative risk of 
societal indices and population density.
cAdjusted for relative risk of societal cluster. *Cluster was not detected.
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Discussion
The results of the present study identified spatial clusters
with high mortality rates of colon and lung cancer in men,
and of breast cancer in women in Japan. The societal char-
acteristics of the municipalities belonging to these clusters
were determined by the relationships between mortality
clusters and societal clusters. A single dominant societal
cluster was detected for colon and breast cancer, although
one mortality cluster was exclusive for each cancer. In con-
trast, we did not detect a dominant societal cluster for
lung cancer.

The detection of a single dominant societal cluster for
colon and breast cancer, SC1, suggested that there were
homogeneous area characteristics for increased mortality
due to these types of cancer. This societal cluster had a
high Index 2 representing high income and education
level and high population density, which were urban
characteristics. These findings were consistence with those
of a previous study indicating a positive relationship
between mortality from these cancers and socioeconomic
index of urbanisation [14]. The relationship between
mortality from colon and breast cancer and urban resi-
dence is plausible considering risk factors of these cancers,
such as westernised dietary habits and low birth rate [16].

One mortality cluster for each of colon and breast cancer
(MC2 and MC 3, respectively) showed different character-
istics from other mortality clusters. It is possible that fac-
tors other than those related to urbanisation contributed
to the increased mortality in these areas, and further stud-
ies are required to elucidate these unique factors. This
observation suggests that the factors contributing to the
increased mortality in these exceptional areas may be
overlooked in conventional ecological studies.

Unlike colon and breast cancer, no dominant societal
cluster was observed for lung cancer. The prevalence of
smokers was not included in the set of indicators in the
present study because municipal data concerning smok-
ing were not available. It is possible that socioeconomic
factors used in this study are surrogates of factors related
to colon and breast cancers (e.g., dietary habits), while
they might not be surrogates of smoking. The higher
mortality in Hokkaido prefecture, as identified by MC2,
could be explained by the slightly higher smoking rate
reported in this area [16]. However, the prefectural data of
smoking did not found that other clusters were not related
to areas with higher smoking rate [16]. Previous studies
showed small variation in male smoking rate and little
relationship between smoking rate and regional socioeco-
nomic conditions, and there was no correlation of male
smoking rate with lung cancer mortality [17,18]. Thus, it
seems that the difference of smoking rate does not
thoroughly explain the regional variation in lung cancer

mortality rate, although there is no doubt in contribution
of smoking to lung cancer, which is the leading cause of
cancer deaths in Japanese men [19].

A number of possible contributors to increased mortality
from lung cancer in addition to smoking have been
reported [20]. Air pollution is an important factor among
these possible contributors, and the observation that sev-
eral clusters of lung cancer were located in metropolitan
areas may be explained by the increase in lung cancer due
to air pollution. In Okinawa prefecture, local brand ciga-
rettes with a higher tar yield and the prevalence of human
papilloma virus infection were suspected to contribute to
the increased mortality from lung cancer in this area
[21,22]. If multiple factors: i.e., smoking, air pollution
and other specific local factors, contribute to the regional
variation in lung cancer mortality, it is reasonable that no
uniform characteristics of mortality clusters were detected
in the present study.

We found a similarity of mortality clusters among three
types of cancers. Three metropolitan areas (Tokyo, Osaka,
and Nagoya) were detected as mortality clusters for all
cancers. Urban areas recently show a decrease of the rela-
tive health level in Japan, and cancer mortality largely
attributes to the decreased health level among urban
populations [13-15]. Mortality from several types of
cancers seems to be concurrently increased by factors
related to urban areas such as health risk behaviour and
fewer attendances in cancer screening [23,24]. On the
other hand, our findings suggested that the northern part
including lots of rural-poor municipalities (SC3)
appeared to be another area with higher mortality from
some types of cancer. The possible causes of higher mor-
tality in this area should be carefully investigated focusing
on differences from those in urban areas.

Several methodological issues about mortality and soci-
etal clusters and their relationship should be mentioned.
There are several alternative methods for mortality cluster-
ing such as Openshaw's and Begas and Newell's methods
[25,26]. Although the spatial scan statistic has been
widely applied, some possible limitations remain, espe-
cially about setting of maximum spatial cluster size and
detecting and meaning of the secondary clusters [25,26].
The comparison of SMR mappings and mortality clusters
might suggest that municipalities with higher mortality
were not necessarily accumulated with circular shape, and
thus the non-circular shaped spatial scan statistic [27]
could detect more accurate mortality clusters. Due to the
use of mortality, instead of incidence, the result in the
present study could be influenced by not only cancer inci-
dence but also regional differences in health care qualities
and others. The incidence data from such as cancer regis-
tration could detect more accurate disease clusters in
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restricted local areas [28-30], but the incidence data of
cancer across the country was not available in Japan.

The societal indicators used in this study were restricted.
We used indicators that were demonstrated previously to
be critically associated with health level [13,15,31],
although some indicators of potential cancer risks may
not have been included, especially with regard to health-
related behaviour. Second, the societal clustering of
municipalities was an important issue in the present
study. In contrast to other countries [32-34], as there are
no established area classifications or societal indices rep-
resenting regional characteristics in Japan, we formulated
societal indices and classified municipalities by the prin-
ciple component analysis and the cluster analysis. Differ-
ent combinations of indicators may result in different
figures of societal clusters. Especially, the principle com-
ponent analysis has been the subject of a variety of criti-
cisms including sensitivity of indicator selection and
meaning of the components extracted [35,36], although it
has been used to reduce socioeconomic indicators and to
obtain one or a few composite index [29,32,37]. In addi-
tion, unlike mortality data, societal data were not treated
by spatial statistics. Spatial methods such as using popu-
lation potential [38] instead population density and data
smoothing for unstability in the municipalities with small
population could contribute to more accurate societal
classifications of municipality.

The relation between societal characteristics and mortality
was mainly examined using societal clusters and mortality
clusters. Societal indices and population density showed
the significant relation to mortality according to types of
cancer, and they might be more sensitive than societal
clusters. The statistical comparisons of societal indices
and population density among mortality clusters showed
significant differences for most pairs of mortality clusters
(data not shown). Thus, the analyses with these variables
appeared to be too sensitive to examine homogeneity and
heterogeneity among mortality clusters. Since the number
of societal clusters was arbitrary in the cluster analysis, an
increase of the number of societal clusters would show
more complicated variations in the societal characteristics
among mortality clusters. Significantly, in the present
study even when simple societal clustering was applied,
both heterogeneity and homogeneity in societal charac-
teristics among mortality clusters were observed. In addi-
tion, the comparison of mortality clusters before and after
adjustment for societal characteristics quantitatively sup-
ported these heterogeneity and homogeneity.

Conclusion
The combination of spatial analysis and investigation of
the relationships between mortality and societal factors
revealed areas in Japan with higher mortality rates and

their societal characteristics. The spatial clusters of colon
and breast cancer showed homogeneous societal charac-
teristics, with the exception of one cluster. However, the
societal characteristics of clusters of lung cancer varied.
The homogeneous characteristics of areas with higher
mortality rates require strategies across the country or
common between higher mortality areas, while exclusive
clusters, such as those seen for colon and breast cancer,
and variations in societal characteristics for lung cancer
imply the need of strategies specific for selected areas with
higher mortality.

Methods
Study unit and period
Local public entities in Japan are divided into two catego-
ries: the first consists of municipalities (i.e., cities, towns
and villages), while the second consists of prefectures. All
districts in the country belong to one of the municipalities
and fall within the boundaries of one of the prefectures.
Tokyo prefecture (Tokyo Metropolis) includes 23 special
wards ("ku") in addition to cities, towns and villages.
Twelve large cities (cities designated by ordinance), such
as Osaka and Nagoya, consist of wards ("ku"). In 1995,
there were a total of 3372 municipalities (23 Tokyo spe-
cial ward cities, 127 wards of 12 cities designated by
ordinance, 651 cities, 1994 towns and 577 villages)
nested within 47 prefectures [39].

The study was performed from 1993 to 1998 during
which time several municipalities were annexed or
divided, and therefore the aggregated data from these
municipalities could not be used. Thus, the final number
of municipalities analyzed in the present study was 3360.

Mortality calculation
In this study, we examined the mortality rates of three
high priority cancers: male lung and colon cancer and
female breast cancer. Lung and colon cancer were the first
and fourth leading causes of cancer death, respectively, in
men, and breast cancer was the fourth one in women in
the Japanese population in 1995 [20]. The rates of colon
and breast cancer have both increased steadily over the
last several decades in Japan. Classification was based on
the 9th and 10th versions of the International Classifica-
tion of Diseases (ICD-9 in 1993–94 and ICD-10 in 1995
to 1998): colon cancer, ICD-9 153–154 and ICD-10 C18-
C21; lung cancer, ICD-9 162 and ICD-10 C33-C34; and
breast cancer, ICD-9 174 and ICD-10 C50 [40,41].

As our focus was on premature mortality, which is more
closely related to regional societal characteristics, we
examined deaths in the population aged under 75 years
old [13]. The numbers of cause-specific deaths by munic-
ipality from 1993 to 1998 were compiled. The data
regarding deaths in 1995 were excluded to avoid the influ-
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ence of the Hanshin-Awaji earthquake [14]. Total number
of deaths during 5 years was 57,109 for colon cancer,
101,515 for lung cancer, and 32,290 breast cancer. The
nationwide age-and cause-specific mortality rates and
census municipal age-specific population in 1995 were
used as data sources [42]. The aggregated data using mac-
rofiles of the vital statistics were drawn from a database of
previous studies [14].

Municipal SMR was calculated and disease mapping was
drawn. For calculation of SMR, the hierarchical Poisson
regression analysis [13,14,43] was applied since this anal-
ysis could correct the unstability in mortality due to heter-
ogeneity of population size: there was marked variation in
the population size among municipalities, ranging from a
few hundred to a few hundred thousand, and municipal-
ities with a small population showed statistical fluctua-
tion in mortality. The secondary medical care zone
(SMCZ), which is defined by prefectural governments for
medical care planning according to the Medical Service
Law, was used as a higher level. There were 344 SMCZs
across Japan in 1995, each of which consisted of neigh-
bouring municipalities and covered a population of
300,000 on average. Bayesian standardized mortality ratio
of municipalities was estimated using the iterative gener-
alized least squares (IGLS) and the Markov chain Monte
Carlo method [44]. Relative risks (RRs) of societal indices,
population density, and societal clusters for cancer moral-
ity were estimated using the hierarchical Poisson regres-
sion with IGLS. In addition to crude RRs, societal and
population density were included in the model to
estimate adjusted RRs. For societal clusters, SC1 was used
as the reference category. The details of hierarchical Pois-
son regression are described in previous studies
[13,14,44]

Mortality clusters: spatial scan statistic
The spatial scan statistic was used to detect and evaluate
the statistical significance of spatial clusters. The details of
the spatial scan statistic were reported previously [4-6,36]
and SaTScan ver. 4.0.3 http://www.satscan.org was used
for the analysis. The numbers of deaths in each municipal-
ity were modelled as Poisson distributions. Under the null
hypothesis, the expected number of deaths calculated
using age-specific national mortality rates and the age-spe-
cific municipal population from the 1995 census [42] was
proportional to the indirectly age-adjusted population at
risk. An infinite number of circles were superimposed on
the map, using the municipal centroid as the centre. The
municipal centroid (latitude and longitude) was com-
puted with the map of Japan (geographic coordinate
system, GRS 1980; http://www.esrij.com) using ArcGIS
8.3 (ESRI Japan, Tokyo). The radii of the circles were set to
vary continuously from zero to a maximum including at
most 10% of the total population at risk, to obtain a cer-

tain number of potential clusters. The data for an entire
circle contained different sets of neighbouring municipal-
ities, and each circle represented a potential mortality
cluster. For each circle, the likelihood was calculated for
observing the number of deaths occurring within that cir-
cle, and the circle with the maximum likelihood was taken
as the primary cluster. The distribution of maximum like-
lihood under the null hypothesis was evaluated using the
Monte Carlo hypothesis testing set with 999 simulations.
In addition to the primary cluster, the spatial scan statistic
identified the secondary clusters, and ordered them
according to the likelihood ratio test statistics. In the
present study, secondary clusters were identified using no
geographical overlap procedure and those with p-values
of less than 0.05 were significant. Mortality clusters were
mapped using ArcGIS 8.3 (ESRI, Japan).

Societal clusters
Based on the findings of previous studies [13,15,31],
seven socioeconomic indicators were chosen as potential
factors related to mortality (Table 1). These indicators
were obtained and calculated using the System of Social
and Demographic Statistics consisting of governmental
statistics including mainly census data [42]. Unemploy-
ment rate reflected the percentage of unemployed persons
aged 15–65 years in the total workforce. Educational level
reflected the age-adjusted educational level, using the per-
centage of those who had graduated from college or a
higher level among the population aged 20 and over, and
was standardised by nationwide sex-and age-specific pop-
ulations as for standardisation of age-adjusted mortality
rate. Income per capita was calculated by aggregating the
annual taxable income per household by municipality,
and dividing it by the total municipal population.

To reduce the number of variables and identify dimen-
sional societal factors, the principal component analysis
with correlation matrix analysis and varimax rotation was
performed. The principle components for which the cor-
relation matrix eigenvalues were more than 1.0 were
selected as significant dimensions. The component score
for the extracted component was assigned to municipali-
ties as a composite societal index: consequently two indi-
ces were obtained as shown in Table 1. Then,
municipalities were classified into four societal clusters
using the K-means cluster analysis with two societal indi-
ces and population density (log-transformed). The princi-
ple component analysis and the cluster analysis were
performed using SPSS 11.0 (SPSS Inc., Chicago, IL, USA).

Relationships between mortality clusters and societal 
clusters
The relationships between societal characteristics and
mortality clusters identified by the spatial scan statistic
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were examined by the cross-tabular analysis of mortality
clusters and societal clusters.

Furthermore, cluster detections with the spatial scan sta-
tistic were performed adjusting for societal indices and
population density or societal clusters to determine
whether mortality clusters would change before and after
adjustment for these variables. The risks of municipalities
were calculated using RRs from the hierarchical Poisson
regression and used as the adjustment file in the spatial
scan statistic [29,44].
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