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The Geography of Cancer Mortality in Japan Focusing on Pancreatic Malignancies
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To identify pancreatic cancer’s etiology and to
better understand its pathogenesis, we assessed the-
association between pancreatic and other cancers by
determining the standardized mortality ratios (SMRs).
We calculated sex-specific and partial correlations
(adjusting for lung cancer SMR) between pancre-
atic and other cancers in 47 Japanese prefectures.
Comparing the results for the decades 1998-2007,
1988-1997, and 1978-1987 revealed that pancreatic
cancer’s SMR associates with those of lung, laryn-
geal, and bladder cancer in males, and stomach,
colon, and rectal cancer in both sexes, and with
ovarian cancer. The association with lung, laryngeal,
and bladder cancer in males implicates tobacco
smoking as a risk factor. The association with
stomach cancer implies that Helicobacter pylori is a
common risk factor. The association with colorectal
cancer likely indicates that common factors such as
obesity and high dietary fat may play etiological
role. These results provide the clue to clarify the
etiology of pancreatic cancer.
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INTRODUCTION

Unfortunately, pancreatic cancer tragically evades
early detection, contributing to its poor prognosis
[1]. In Japan, this tumor’s age-adjusted mortality
increased by approximately 9-fold in both sexes
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between 1950 and 1995 [2], representing the fifth
and sixth leading cause of cancer deaths in 2006 in
both genders, respectively [3]. Males’ death risk
from the disease exceeds that of females, and age-
related mortality increases for both sexes after the
forties [3, 4].

The well-established pancreatic cancer risk factor
is smoking [5]. In Japan, the age-adjusted hazard
ratio for smokers versus never-smokersis 1.58 in
male, and the population-attributable fraction of dis-
ease-specific mortality for males is 26% [5]. Other
pancreatic cancer risk factors include its familial
history [6], diabetes [7, 8], chronic pancreatitis [9,
10, 11, 121, Helicobacter pylori (H. pylori) infec-
tion [11], genetic polymorphism of cancer related
genes such as BRCA1 and BRCA2 [12], and he-
reditary pancreatitis [13]. Despite intensive efforts
worldwide to uncover etiologies and to develop bet-
ter diagnostics and therapeutics, pancreatic cancer is
largely incurable.

Analyzing geographic associations to cancer rates
is a valuable approach for uncovering risk factors
and establishing new hypotheses on the pathogen-
esis and etiology of human diseases [14, 15, 16,
17], especially when the available knowledge is
insufficient, as in the case of pancreatic cancer.
Therefore, in the present study, we analyzed the as-
sociation pancreatic cancer mortality with those of
other cancers in each of Japan’s 47 prefectures. We
also analyzed the partial correlation for lung cancer
to examine the influence of tobacco smoking on

etiology of pancreatic cancer.

MATERIALS AND METHODS

Malignant neoplasms of the pancreas have been
coded as 157 from 1965 to 1984 and 1985 to
1994, according to the International Classification of
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Diseases (ICD-8th and ICD-9th Revision, respec-
tively) [18]. The code was changed to C25 in 1995
(ICD 10th Revision)[19]. The number of deaths
from 19 (oral cavity, pharynx, esophagus, stom-
ach, colon, rectum, liver, gall bladder, larynx, lung,
skin, prostate, bladder, breast, uterus, ovary, central
nerve system, malignant lymphoma, and leukemia),
8 (esophagus, stomach, rectum, liver, lung, breast,
uterus, and leukemia), and 7 (esophagus, stomach,
liver, lung, breast, uterus, and leukemia) different
malignant neoplasms by year (1978-1987, 1988-
1997, and 1998-2007, respectively), sex and each
prefecture and the total for Japan were obtained
from the National Vital Statistics [20]. The data
of 19, 8, and 7 cancers were available for each of
three decades (1978-1987, 1988-1997, and 1998-
2007, respectively).

SMR was calculated by dividing observed deaths
by expected death and multiplying 100. An SMR
of 100 indicates that the SMR in the group be-
ing studied is the same as the overall, or standard
population. A ratio less than 100 indicates a lower
than average death rate; over 100 is a higher than
average one. The expected deaths are derived from
national population, while the observed deaths re-
flect the data from studied population which is each
prefecture’s population in the present study.

In calculating the standardized mortality ratio
(SMR) in 1998-2007, the sum of 5-times the
population in 2000 and 2005 in each prefecture and
the total for Japan obtained from the National Vital
Statistics, were regarded as each prefecture’s popu-
lation and the standardized population, respectively.
Similarly, in calculating the SMR in 1988-1997 and
1978-1987, the sum of 5-times population in 1990
and 1995, and in 1980 and 1985 were regarded,
respectively, as each prefecture’s population and the
standardized population.

The SMRs of 19, 8, and 7 cancers by year and
sex for each of three decades (1978-1987, 1988-
1997, and 1998-2007, respectively) in 47 prefec-
tures were calculated according to the national
population to examine geographic aggregation.
Two-sided 95% confidential intervals for SMR
were evaluated by multiplying by the correlation-
coefficient based on the Poisson distribution [21].
The association between pancreatic cancer SMRs

and each of those of 19, 8, 7 other malignant neo-
plasms in 1978-1987, 1988-1997, and 1998-2007,
respectively, was analyzed by determining correla-
tion coefficients. Spearman’s rank-correlation coef-
ficient was evaluated because the normality of pan-
creatic cancer SMRs were not assured.

In populations from industrialized countries, the
incidence of lung cancer can be used as marker of
past tobacco consumption [22]. In order to adjust
for the possible effect of tobacco smoking, we also
calculated partial correlation coefficients for each
cancer after adjusting for the correlation between
pancreatic and lung cancer. The statistical analyses

were computed using SPSS software, Version 19.

RESULTS

(1) SMR

The SMRs of pancreatic cancer by sex between
1998-2007, 1988-1997, and 1978-1987 in 47 pre-
fectural and city governments are shown in Table
1 and Fig.1. In general, compared to the national
population, the pancreatic cancer SMR was higher
in both sexes in northern (Hokkaido, Aomori, Mi-
yagi, and Akita) and facing Japan sea (Tottori
and Shimane) and lower in western and southern
prefectures (Okinawa, Kagoshima, Yamaguchi,
Tokushima, and Kagawa).

The SMR changed greatly in some prefectures.
In Shimane prefecture among males, SMRs were
significantly higher during 1998-2007 (112.5) and
1988-1997 (113.3) than in 1978-1987 (94.2),
and the rank rose to sixth and fourth, respectively,
from thirty-third place. The SMRs for females in
Shimane prefecture were significantly higher dur-
ing 1998-2007 (107.7) than in 1978-1987 (92.9)
and 1988-1997 (99.8). The rank rose to fifth place
from thirty-fifth and twentieth place, respectively.
For females in Fukui prefecture, SMRs were signifi-
cantly higher during 1998-2007 (106.5) and 1988-
1997 (107.2) than in 1978-1987 (92.1), and the
rank rose to sixth and sixth place from thirty-ninth
place, respectively. Conversely, in Fukushima pre-
fecture, females SMRs decreased from 111.4 (1978-
1987) to 106.8 (1988-1997) and 99.6 (1998-2007),
and the rank dropped from fourth to seventh and
to twenty first, respectively. Fukuoka prefecture fe-
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Fig. 1. SMR for pancreatic cancer in the 47 prefecture during three period every ten years from 1978 to 2007

Table 1. SMR and rank of pancreatic cancer in 47 prefectures in Japan during the period of every ten years from 1978 to 2007
Male Female
Prefecture 1978-1987 1988-1997 1998-2007 1978-1987 1988-1997 1998-2007
SMR rank SMR rank SMR rank SMR rank SMR rank SMR rank
Hokkaido 131.3 1 125.6 2 1254 2 131.0 1 126.9 1 1213 1
Aomori 130.7 2 131.0 1 126.2 1 113.2 3 113.6 2 116.1 2
Iwate 108.8 8 103.7 15 106.9 10 103.9 13 101.3 14 102.6 13
Miyagi 118.9 3 117.9 4 109.1 7 121.8 2 108.4 3 1133 3
Akita 115.1 5 124.7 3 119.2 3 107.5 7 101.3 15 108.3 4
Yamagata 109.7 6 109.4 10 106.8 11 106.6 8 100.8 17 98.1 25
Fukushima 109.3 7 108.8 12 105.3 13 1114 4 106.8 7 99.6 21
Tbaraki 925 37 98.9 22 985 24 985 22 103.6 11 1015 16
Tochigi 91.6 39 93.1 37 90.7 44 92.9 36 97.4 26 97.2 31
Gunma 85.0 45 85.6 46 94.4 35 90.8 43 96.8 31 94.9 41
Saitama 91.2 40 93.3 36 91.8 43 92.4 38 96.9 29 99.8 20
Chiba 95.6 28 94.6 35 93.8 38 92.1 40 97.0 28 95.0 40
Tokyo 101.5 18 98.6 23 95.8 31 102.0 15 105.8 8 103.9 9
Kanagawa 96.8 23 95.1 33 97.8 26 101.9 17 99.8 19 98.4 23
Niigata 106.5 11 109.2 11 1124 5 105.3 9 103.9 10 102.3 14
Toyama 104.7 13 110.0 9 106.6 12 98.6 21 99.0 22 98.0 26
Ishikawa 105.1 12 110.1 8 107.3 9 93.9 33 102.9 13 103.8 10
Fukui 101.9 16 105.3 13 100.1 18 92.1 39 107.2 6 106.5 6
Yamanashi 102.2 15 97.0 31 94.8 34 101.9 16 94.9 35 971 33
Nagano 94.4 32 95.9 32 98.4 25 99.9 18 98.8 24 102.7 12
Gifu 87.0 44 101.2 19 95.6 32 87.8 44 95.4 34 97.7 27
Shizuoka 95.3 30 95.0 34 94.0 36 98.4 23 93.6 38 95.2 38
Aichi 91.9 38 97.4 29 96.7 30 94.9 30 93.7 37 97.2 32
Mie 100.5 20 97.5 28 97.7 28 92.8 37 97.2 27 97.6 28
Shiga 101.9 17 100.6 21 103.1 15 104.4 11 104.3 9 101.8 15
Kyoto 100.3 21 103.9 14 103.0 16 96.8 28 103.0 12 104.1 8
Osaka 96.1 26 101.0 20 99.6 21 975 26 100.6 18 99.8 19
Hyogo 100.6 19 97.6 27 99.3 22 98.9 19 98.8 23 95.2 37
Nara 96.7 24 97.1 30 101.5 17 91.9 41 96.5 32 93.7 42
Wakayama 106.9 10 1129 7 108.3 8 97.0 27 107.4 5 104.7 7
Tottori 116.5 4 116.3 5 109.8 6 104.5 10 96.8 30 103.5 1
Shimane 94.2 33 1133 6 1125 4 92.9 35 99.8 20 107.7 5
Okayama 95.4 29 91.3 43 93.7 39 104.0 12 93.4 40 96.1 36
Hiroshima 95.1 31 91.9 40 93.6 40 97.9 24 92.5 41 96.9 34
Yamaguchi 88.5 42 91.7 41 94.0 37 83.9 45 88.3 45 85.4 45
Tokushima 87.7 43 87.3 45 90.6 45 96.6 29 99.2 21 97.5 29
Kagawa 84.6 46 93.0 38 97.5 29 93.4 34 90.6 43 97.4 30
Ehime 93.9 35 98.0 25 99.3 23 94.3 32 95.8 33 93.2 43
Kochi 96.1 27 97.9 26 97.8 27 90.9 42 94.3 36 99.9 18
Fukuoka 107.4 9 102.3 16 99.8 19 110.5 5 101.0 16 98.1 24
Saga 104.2 14 101.5 18 104.7 14 108.6 6 107.9 4 100.6 17
Nagasaki 96.5 25 102.2 17 99.8 20 94.6 31 98.2 25 95.1 39
Kumamoto 93.4 36 92.3 39 93.4 41 98.8 20 93.5 39 90.7 44
Oita 94.0 34 89.0 44 93.3 42 1025 14 90.1 44 98.8 22
Miyazaki 96.8 22 98.3 24 90.0 46 97.7 25 92.1 42 96.8 35
Kagoshima 89.0 41 91.4 42 95.2 33 815 46 86.5 46 84.5 46
Okinawa 73.2 47 63.4 47 63.9 47 64.5 47 62.9 47 64.2 47
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males SMRs decreased from 110.5 (1978-1987) to
101.0 (1988-1997) and to 98.1 (1998-2007), with
its rank dropping from fifth to sixteenth, and then
to twenty-fourth.

(2) Association study

For lung cancer, a positive, significant cor-
relation was apparent among males based on the
1998-2007 data, but there was no suggestion of a
positive correlation for the datasets in both sexes
(Table 2). For stomach cancer, we detected a sig-
nificantly moderate correlation in all data for male.
In contrast, there were only weak correlations in
the 1998-2007 and 1988-1997 data for females,
but not in those for 1978-1987. The adjustment for
lung cancer slightly decreased the correlation among
males, but that did not influence the correlation
among females. The degree of decrease in males
was slightly more remarkable in 1998-2007 than in
1978-1987 and 1988-1997.

For colon cancer, the data correlated moderately
between both sexes during 1998-2007. The adjust-
ment for lung cancer slightly decreased the cor-
relation among males, but not females. For rectal
cancers, a weak and moderate correlation was pres-

ent in 1998-2007 among males and females, re-

spectively, and a moderate correlation was observed
between both sexes in 1988-1997. The adjustment
for lung cancer slightly decreased the correlation
among males, but not for females. The extent of
the decrease was slightly more remarkable in 1988-
1997 than for 1998-2007.

For laryngeal cancer, a moderate correlation was
present only in males. Adjusting for lung cancer
slightly decreased the correlation only among males.
A moderate correlation in males and a weak cor-
relation in females with respect to bladder cancer
were apparent in 1998-2007. Adjusting for lung
cancer slightly decreased the correlation among
males only. For ovarian cancer, a positive correla-
tion was present in the 1998-2007 data that was
not diminished after adjusting for lung cancer. The
analyses for the cancers in the oral cavity, pha-
rynges, esophagus, liver, gall bladder, skin, breast,
uterus, prostate, central nerve system, malignant
lymphoma, and leukemia did not significantly cor-

relate with pancreatic cancer.

DISCUSSION

One of the most striking findings in our present

study was the high SMRs for pancreatic cancer be-

Table 2. Coefficients of pair-wise correlation between the mortality of pancreatic cancer and selected neoplasms,
and coefficients of partial correlation between them after adjustments of lung cancer mortality

1998-2007 1988-1997 1978-1987
Cancer
correlation p—values ajusted  p—values correlation p-values ajusted  p-—values correlation p—values ajusted  p-values

Male  Oral cavity, Pharynx 0.113 0.451 0.064 0.673

Esophagus 0.331 0.023 0.370 0.011 0.216 0.145 0.211 0.158 0.208 0.160 0.215 0.152

Stomach 0.433 0.002 0.380 0.009 0.447 0.002 0.424 0.003 0.412 0.004 0.397 0.006

Colon 0.448 0.002 0.370 0.011

Rectum 0.325 0.026 0.317 0.032 0.442 0.002 0.427 0.003

Liver 0.264 0.073 -0.340 0.021 -0.271 0.065 -0.340 0.021 -0.155 0.298 -0.294 0.048

Gall bladder 0.385 0.008 0.460 0.001

Larynx 0.402 0.005 0.340 0.021

Lung 0.401 0.005 0.240 0.104 0.289 0.049

Skin 0.174 0.243 0.151 0.315

Prostate -0.420 0.777 0.106 0.485

Bladder 0.467 0.001 0.390 0.007

Central nerve system -0.015 0.921 -0.130 0.389

Malignant lymphoma -0.031 0.838 -0.234 0.118

Leukemia -0.011 0.940 -0.171 0.255 0.166 0.265 0.080 0.595 0.083 0.579 -0.026 0.865
Female Oral cavity, Pharynx 0.260 0.077 0.319 0.031

Esophagus 0.269 0.067 0.321 0.029 0.344 0.018 0.340 0.021 0.102 0.496 0.083 0.585

Stomach 0.303 0.038 0.307 0.038 0.393 0.006 0.400 0.006 0.092 0.539 0.113 0.456

Colon 0.522 <0.001 0.564 <0.001

Rectum 0.535 <0.001 0534  <0.001 0.521 <0.001 0.521 <0.001

Liver -0.202 0.174 -0.158 0.294 -0.253 0.086 -0.314 0.034 -0.088 0.555 -0.139 0.358

Gall bladder 0.224 0.131 0.184 0.220

Larynx 0.053 0.724 0.124 0.410

Lung -0.158 0.288 0.051 0.734 0.120 0.421

Skin -0.339 0.200 -0.327 0.027

Breast 0.079 0.600 0.155 0.303 0.281 0.055 0.280 0.059 0.202 0.174 0.172 0.252

Uterus -0.334 0.022 -0.298 0.044 -0.353 0.015 -0.460 0.001 -0.208 0.161 -0.324 0.028

Ovary 0.402 0.005 0.429 0.003

Bladder 0.324 0.026 0.334 0.023

Central nerve system -0.016 0914 -0.028 0.855

Malignant lymphoma —0.057 0.704 0.008 0.959

Leukemia -0.035 0.813 0.013 0.930 -0.081 0.588 -0.123 0.417 0.225 0.129 0.214 0.153
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tween 1978 and 2007 in the northern prefectures of
Hokkaido and Tohoku. Both in Shimane and Fukui
prefectures, SMRs during 1998-2007 increased when
compared to those in 1978-1987: this was observed
in both sexes in Shimane, only in female in Fukui.
Moreover, colorectal cancer SMRs correlated with
those of pancreatic cancer for both sexes, while
stomach, laryngeal, and bladder cancer SMRs corre-
lated in males, as well as ovarian cancer in female.
Less consistent associations were identified with
lung cancer among males.

Several studies on the geographical distribution of
pancreatic cancer SMRs in Japan showed that death
from pancreatic cancer accumulated in the northern
prefectures of Hokkaido and Tohoku, between 1979
and 1987 [23]. Other reports also reported that
pancreatic cancer SMR was high in Hokkaido and
Tohoku between 1968 and 2002 [24]. In addition
to northern part, Niigata and Shimane prefectures
along the Sea of Japan were reported to have high
pancreatic cancer SMR between 1998 and 2002
[25]. Our previous study revealed that the pancre-
atic cancer SMR for males in Shimane prefecture
has continued to be significantly high since 1989.
In addition, the SMR for both sexes showed signifi-
cant increases during 1997 to 2006. Thus, our pres-
ent findings confirm the results of previous reports.

The well-established pancreatic cancer risk factor
is smoking. The high smoking rate in northern part
of Japan (Hokkaido, Aomori, Akita, and Miyagi)
in both sexes has been reported [26], implying
that the high mortality rate of pancreatic cancer in
the area is partly due to smoking. However, the
smoking rate in Shimane and Tottori is low. Some
unidentified factors, different from those in northern
part of Japan, might cause the high mortality rate
of pancreatic cancer in Shimane and Tottori.

Several studies have revealed correlations between
the incidence or mortality of each cancer type.
These include surveys of 38 European countries,
North America, and Oceania during 1993-1997
[14], a survey of incidence rates in 63 European
cancer registries during 1988-1992 [17], an analy-
sis of 1969-1978 incidence rates in eight Canadian
provinces [16], and a study of 1969-1978 mortality
rates within the 20 Italian regions [15]. These are
considered below in relation to our present study.

Our association analysis presented here showed
that lung and pancreatic cancer SMRs correlated
positively among males, but not females, during
1998-2007. In contrast, the European and Ameri-
can studies described above showed a correlation
between pancreatic cancer and lung cancer for both
sexes [14, 15, 16]. The relatively low smoking
rate in Japanese females compared with that of the
United States and Europe [27] may provide the
explanation. There is concern that the correlation
between the pancreatic cancer SMR and that of
lung cancer might be due to the invasion or meta-
static spread of pancreatic cancer. Although this is
applies to other tumors such as liver, they did not
significantly correlate in the present study, which
implies that invasion and metastasis fails to explain
the correlation.

Laryngeal and bladder cancer SMRs correlated

moderately with that of pancreatic cancer among
males during 1998-2007, and the correlation dimin-
ished after adjusting for lung cancer SMR, thereby
implicating smoking as a common risk factor.
In contrast to our present results, the data from Eu-
rope, the United States, and Oceania among males
did not correlate with pancreatic cancer [14, 15,
16, 17]. A study of mortality associated with tobac-
co smoking in Japan revealed that lung, laryngeal,
pancreatic, and bladder cancers are tobacco-related
[28]. Our results suggest the possibility that the
relation of smoking to laryngeal and bladder can-
cer may be stronger in Japan than in Europe and
United States, or there may be associated factors
specific for Japan. With respect to bladder cancer
SMR among females, our results showed a weak
correlation with pancreatic cancer, but not as strong
as those in Canada and Italy female, which showed
moderate to strong correlations [15, 16].

The association of stomach and pancreatic cancer
among males was universally moderate in the pres-
ent study, but weak among females during 1998-
1997 and 1998-2007. Although European studies
reported an association between pancreatic and
stomach cancer among males, we could find no
reports describing a significant association among
females. Recent reports have suggested an asso-
ciation between infection with H. pylori and the
development of pancreatic cancer [29]. These find-



12 Tanabe et al.

ings suggest that H. pyrori may play a role in both
stomach and pancreas cancer risks.

Our present results showed an association with
pancreatic and colorectal cancer in both sexes. A
correlation between pancreatic and colon cancer was
described in European, Canadian, and Italian studies
[14, 15, 16, 17]. An epidemiological study showed
that obesity, high dietary fat, and heavy alcohol
drinking are risk factors for colorectal cancer [30].
An analysis of pancreatic cancer patients in Japan
suggested that the sharp increase in the consumption
of animal fats in recent years might account for the
recent increase in pancreatic cancer mortality [31].
Our results might reflect common etiologic factors
such as obesity and dietary fat. We also demonstrat-
ed here an association between pancreatic and ovar-
ian cancer SMRs. Adjusting for lung cancer SMRs
did not reduce the association, suggesting that the
smoking is not a common etiological factor.

In conclusion, our analysis shows that cancers as-
sociate with pancreatic cancer are those of the lung,
laryngeal, and bladder in males, and stomach, colon,
and rectal cancer in both sexes, and then ovarian
cancer. Tobacco smoking is a plausible explanation,
at least in part, for the association of pancreatic
cancer with lung, laryngeal, and bladder cancer for
males only. The association with stomach cancer
suggests that H. pylori is a common risk factor,
while the association of colorectal cancer in both
sexes likely implies that obesity and high dietary
fat play an etiological role. Our results provide the
clue to clarify the etiology and pathogenesis of pan-

creatic cancer.
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