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Overview of the Epidemiology of Pancreatic Cancer Focusing on the JACC Study

BACKGROUND: The objective of this article was to overview the epidemiology of pancreatic cancer.
We summarize the results of the Japan Collaborative Cohort Study (JACC Study) and some previous
studies.
METHODS: References were mainly in a Medline search through Pub Med database. In addition, 3
papers about the JACC Study were quoted.
RESULTS : In the JACC Study，the standardized mortality ratio of pancreatic cancer was 0.97 in
females and 0.84 in males. Diabetes mellitus (DM) has increased the risk for pancreatic cancer in many
studies. In the JACC Study, DM had a risk for pancreatic cancer in males (hazard ratio = 2.12).
Cigarette smoking has been associated with pancreatic cancer in many studies. In the JACC Study, the
hazard ratio for current smokers was 1.6 in males, and 1.7 in females. The ratio was 3.3 who smoked
40+ cigarettes/day in males. In the JACC Study, alcohol intake was not associated with pancreatic can-
cer. These results are consistent with the other studies. Coffee consumption has not been associated
with pancreatic cancer in many studies. In the JACC Study, the hazard ratio significantly increased to
3.19 among men who consumed 4+ cups of coffee per day. The relationships between diet /nutrition
and pancreatic cancer are not clear in many studies.
CONCLUSION: The relation between smoking and pancreatic cancer is most consistently described. A
further analysis of the relationships between family history, hormonal factors in females, dietary and
nutritional factors, obesity, physical activity and pancreatic cancer is necessary.
J Epidemiol 2005; 15: S157-S167.
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Although pancreatic cancer is a relatively rare cancer, it is associ-
ated with high fatality. The etiology of pancreatic cancer remains
largely unknown. There are no screening tests for early detection
of pancreatic cancer. Many epidemiologic studies have been con-
ducted to identify the risk factors for pancreatic cancer. The
objective of this article was to overview the epidemiology of pan-
creatic cancer.

We referred the results of focusing on the (Japan Collaborative
Cohort Study) JACC Study and reviewed previous studies. The
reason for focusing on the JACC Study is that it is ongoing large
scale population-based cohort study of a total of over 110,000

Japanese followed up.
References were mainly in a Medline search through Pub Med

database which have been published in English since 1994, by
using keywords of pancreatic cancer, risk factor, and epidemio-
logic study. Reports were selected on the basis of the best avail-
able evidence for each factor discussed. Additionally, 3 papers
about the JACC Study: (Mortality in the JACC Study till 1999),1

(A prospective cohort study of cigarette smoking and pancreatic
cancer in Japan),2 and (Risk of pancreatic cancer in relation to
alcohol drinking, coffee consumption and medical history: find-
ings from the Japan collaborative cohort study for evaluation of
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Medical Conditions
(1) Diabetes mellitus (DM)
A number of epidemiologic studies have shown that there is a
complex relationship between DM and pancreatic cancer.13,19-23 In
a large prospective study in the US, Calle et al.19 found that the
risk of pancreatic cancer mortality was significantly increased not
only among subjects with a history of diabetes, but also among
diabetics during the second and third years of follow-up (HR =
2.05, 95% confidence interval [CI]: 1.56-2.69] (Table 1).
Compared with the controls, a 70% or 50% higher risk for pancre-
atic cancer was observed in subjects who were diagnosed with
diabetes 5-9 years prior to the diagnosis of pancreatic cancer and
among subjects who were diagnosed with diabetes at least 10
years prior to the diagnosis of pancreatic cancer, respectively, in a
case-control study in the US.20 (Table1) A meta-analysis of pan-
creatic cancer studies found that individuals with DM for a dura-
tion of at least 5 years had an increased risk for pancreatic cancer
(HR = 2.0, 95% CI: 1.2-3.2).24 Studies conducted in Japan,
Sweden, and the US19,21,25 also found that patients with DM had an
increased risk for pancreatic cancer (Table 1).

On the other hand, La Vecchia et al.22 suggested that DM was
an initial symptom of pancreatic cancer rather than a cause of
pancreatic cancer based on a case-control study in Italy, because
the risk declined as the number of years after the diagnosis of DM
increased, although the subjects with DM as a whole had a signif-
icantly elevated risk (HR = 2.1; 95% CI: 1.5-2.9). (Table 1) A
case-control study conducted in northern Italy also obtained simi-
lar results.23 Gullo et al. found that there was no association
between DM and pancreatic cancer among patients with diabetes
of 3 or more year duration, and presumed that diabetes was
caused by the pancreatic cancer and that the increasing prevalence
of diabetes in patients with pancreatic cancer was mainly due to
diabetes of recent onset.26 In a case-control study performed in
hospitals in New Zealand, it was concluded that diabetes might be
an epiphenomenon of pancreatic cancer, rather than a risk factor
for pancreatic cancer.27 Furthermore, in a nested case-control
study on familial pancreatic cancer in the US, the authors con-
cluded that DM was not a risk factor for pancreatic cancer.28

In order to avoid misclassification of DM, Gapstur et al.29 stud-
ied the postload plasma glucose level instead of self-reported dia-
betes as the diagnostic criterion in a cohort study conducted over
a mean period of 25 years. A significant dose-response associa-
tion was found between the postload plasma glucose level and
pancreatic cancer mortality. Compared with the subjects with
postload plasma glucose level of 119mg/dL or less, the HR of
pancreatic cancer mortality was 1.65 (95% CI: 1.05-2.60) for
those with 120-159 mg/dL, 1.60 (95% CI: 0.95-2.70) for those
with 160-199mg/dL, and 2.15 (95% CI: 1.22 -3.80) for those with
200mg/dL or higher (Table 1). This association was stronger in
males than in females. These results suggested that abnormal glu-
cose metabolism plays an important role in the development of
pancreatic cancer, and that diabetes was likely to be a risk factor
for this tumor.29
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cancer risk)3 were quoted. In the JACC Study, the strength of
associations was examined using hazard ratios (HRs) derived
from the Cox proportional hazards model. The HRs were adjusted
for potentially confounding factors. Risk factors data, such as life
style and medical history, were obtained with self-administered
questionnaire at baseline.

Incidence and Mortality of Pancreatic Cancer
Pancreatic cancer has demonstrated increasing trends in both inci-
dence and mortality during the past four decades in Japan,4

although its morbidity and mortality in Japan had been among the
lowest in the world.5,6 It is the 5th leading cause of death from
cancer in males and the 6th leading cause in females in Japan
according to the latest statistics in Japan.7 The age-adjusted mor-
tality rate from pancreatic cancer increased 3.0-fold in males and
2.9-fold in females in Japan between 1960 and 2002.7,8 The risk of
pancreatic cancer in blacks was approximately 50% higher than
that in whites among the general population.9 High incidence of
pancreatic caner was found in New Zealand Maoris, especially in
Maoris females.10 In the United States high incidence was
occurred among Caucasian and African- American males and
females.11

During approximately 12 years of follow up in the JACC Study,
161 males and 156 females deaths from pancreatic cancer
occurred out of a total of 46,465 males and 64,327 females.1 The
standardized mortality ratio (SMR) of pancreatic cancer in
females in the JACC Study was similar to that in Japan nation-
wide (0.97), whereas in males it was somewhat lower than that in
Japan nationwide (0.84).1 This low SMR of pancreatic cancer in
males might partly come from the selection of investigated sub-
jects in the JACC Study.1 Because some of cohort subjects in the
JACC Study were chosen out of participants in routine medical
checkups or other kinds of screening, of which was regarded
relating to slightly healthier lifestyles.1

Age and Sex
The risk of pancreatic cancer increases with advancing age.
Nearly 80% of the patients with pancreatic cancer were between
60 and 80 years of age.12 The similar founding was reflected in the
JACC Study, which observed 79% of deaths aged 60 or older.1

Pancreatic cancer occurs more frequently in males than in
females.9,10,13 The age-adjusted death rate of pancreatic cancer in
males was approximately 1.7-fold higher than that in females in
2002 in Japan.7

Hormonal factors related to pancreatic cancer in females were
observed by analysis of menarche, menopause and productive his-
tory in previous studies.14-18 Although the mechanism of hormonal
factors for pancreatic cancer remains unclear, pancreatic cancer is
at least in part association with hormonal levels in females.14 It
can be expected to verify the association between pancreatic can-
cer and hormonal factor in the JACC Study, which investigated
64,327 females over approximately 12-year follow up.1
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Family history
Family aggregation of pancreatic cancer has been found. Genetic
factor played an important role of the etiology of pancreatic can-
cer. Among those subjects with first-degree relatives with pancre-
atic cancer, the risk for pancreatic cancer ranged from 1.2 to
32.0.20,25,28,45-47 In particular, the risk increased as the number of
first-degree relatives with familial pancreatic cancer increased.46

Additionally, the risk of pancreatic cancer mortality was signifi-
cantly increased in subjects with a family history of uterine cancer
and breast cancer.48 These findings will be verified in the JACC
Study.

Smoking, Alcohol, and Coffee Consumption
(1) Smoking
Table 2 shows cigarette smoking for the risk of pancreatic cancer
in the JACC Study and other epidemiologic studies. According to
the results of the JACC Study, upon analysis of mortality to the
end of 1997, cigarette smoking was associated with pancreatic
cancer mortality.2 Regarding the JACC Study, compared with
non-smokers, the HR for current smokers was 1.6 (95% CI: 0.95-
2.6) in males, and 1.7 (95% CI: 0.85- 3.4) in females.2 The HR of
death from pancreatic cancer according to the number of ciga-
rettes smoked per day was 3.3 (95% CI: 1.38-8.1) among subjects
who smoked 40 cigarettes or more per day in males.2 The age at
which one started to smoke, number of years of smoking and
number of pack-years were not significantly associated with an
increased risk for death from pancreatic cancer.2

In many epidemiologic studies, cigarette smoking has been
reported to be associated with increased risk for pancreatic can-
cer. A study of the cancer registry in Sweden showed that smok-
ing increased the risk of pancreatic cancer.47 The relationship
between smoking and pancreatic cancer has been studied in case-
control13,20,23,25,49,50 and cohort studies.51-59 These results show that
smokers have an increased risk for pancreatic cancer. Most stud-
ies showed that heavy smokers have a higher risk for pancreatic
cancer than light smokers. The dose-response relationship was
observed in several case-control studied.20,50,60 Although the risk
for pancreatic cancer did not change after smoking cessation for
more than 2 years prior to the interview (odds ratio [OR] = 1.4,
95% CI: 1.1-1.9],20 after 15 years from ceasing smoking, the risk
for pancreatic cancer dropped to the level of a lifetime non-smok-
er regardless of the lifetime smoking amount.21

As for the previous cohort studies,51-59 the HR for pancreatic
cancer ranged from 1.3 to 3.9 among current smokers, and a sig-
nificant dose-response relationship was observed in 4 stud-
ies.54,56,59,61 A significant, positive trend in risk for pancreatic can-
cer as the number of pack-years of smoking increased was
observed in another cohort study,54 especially in current smokers
and when the analysis was confined to cigarette smoking within
the past 15 years. Additionally, the results of a cohort study of
male smokers showed that pack-years over 49 number was asso-
ciated with an increased risk for pancreatic cancer compared with
pack-year less than 22 number (HR = 1.66, 95% CI: 1.02-2.72).61

In the JACC Study, an increased risk for pancreatic cancer in
subjects with a history of DM was found in males and females,
only in male was significant (HR = 2.12, 95% CI: 1.19-3.77).3

(Table 1) The positive association between DM and pancreatic
cancer from this unique large cohort study in Japan was consistent
with most of previous studies.19-23 The increasing death rates of
pancreatic cancer may partly explain by the increasing of DM in
Japan. Overall, DM might be both an initial manifestation of pan-
creatic cancer as well as a risk factor of this malignant tumor.
Further investigations are required to explore the relationship
between long-standing DM and pancreatic cancer.

(2) Cholecystectomy/Gallstones or Cholecystitis
A positive association between pancreatic cancer and cholecys-
tectomy was observed.20,30 Chow reported an increased risk of
pancreatic cancer for cholecystectomy 5 or more years prior to the
diagnosis of pancreatic cancer30 in a cohort study. (Table 1) A
case-control study also showed a 70% excess risk among subjects
who underwent cholecystectomy 20 or more years prior to the
cancer diagnosis.20 (Table 1) Although some studies found no evi-
dence for an association between cholecystectomy and pancreatic
cancer,21,31,32 the causality was supported by experiment study:
cholecystectomy increased circulating levels of cholecystokinin,
which is a promoter of pancreatic carcinogenesis in rodents.33 In
the JACC Study, there was no significant relationship was
observed between cholecystectomy and pancreatic cancer, but the
risk of death from pancreatic cancer was significantly increased in
females with gallstones or cholecystitis (HR = 2.51, 95% CI:
1.41-4.46).3 (Table 1) This result was consistent with that in a
cohort study in Denmark.34 (Table 1)

(3) Others
Previous studies suggested that chronic pancreatitis plays an
important role in the development of pancreatic cancer,13,35-39 but
the clinical relevance of a causal relationship between chronic
pancreatitis and pancreatic cancer was limited.39 Although hered-
itary pancreatitis resembles other types of pancreatitis, the age of
onset of hereditary pancreatitis is much earlier. The risk of pan-
creatic cancer of hereditary pancreatitis was 50-60 times higher
than expected compared with the background population.10

Two case-control studies suggested that immune function in
relation to allergy might play a role in the etiology of pancreatic
cancer.40,41 No association was found between regular aspirin use
and pancreatic cancer in a case-control study in the US.42 In labo-
ratory studies, aspirin inhibited the cell growth of four pancreatic
cancer cell lines, and aspirin use may be a possible therapy for
prevention of pancreatic cancer.43 In a recent cohort study, howev-
er, the risk of pancreatic cancer was significantly elevated with
extending periods of regular aspirin use in females.44

The association between pancreatic cancer and chronic pancre-
atitis, hereditary pancreatitis, allergy or aspirin use can not verify
in the JACC Study. Further investigations into the mechanism of
these observed associations are warranted.
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increased the risk of pancreatic cancer.66 In a cohort of the US
women, the intake of total fat, different types of fat, cholesterol,
total meat, red meat, and eggs were not associated with pancreatic
cancer.67 The relation between pancreatic cancer and intake of
cholesterol and intake of fat are not clear.

In case-control studies, high caloric intake increased the risk of
pancreatic cancer.20,68,69 The interaction between body mass index
(BMI) and energy intake suggests the importance of energy bal-
ance in pancreatic carcinogenesis.20 However, in a cohort study of
male smokers, high caloric intake reduced the risk of pancreatic
cancer.66 The results of the relation between pancreatic cancer and
caloric intake are not consistence. When the relationship between
pancreatic cancer and caloric intake is analyzed, it is necessary to
combine the factors of obesity and physical activities.

As to preventive factors, consumption of vegetables was pro-
tective against pancreatic cancer in a case-control study in Japan.25

In a cohort of male smokers, dietary folate intake61 and high
intake of carbohydrates reduced the risk of pancreatic cancer.66

However, in a cohort of US women, carbohydrate intake was not
associated with pancreatic cancer.70 A detailed analyses of the
relationship between nutrition including total calorie intake, cho-
lesterol intake, etc., and pancreatic cancer is necessary.

Obesity and Physical Activity
Most studies have shown a high incidence of pancreatic cancer
among obese persons, and it may suggest that as the BMI increas-
es, the risk of pancreatic cancer increases.59,68,71,72 Total physical
activity was inversely associated with pancreatic cancer risk.72 A
detailed analysis of the relationship between nutrition and pancre-
atic cancer is necessary to combine the factors of diet, obesity and
physical activities.

Conclusion
The incidence and mortality of pancreatic cancer have been
increasing during the past four decades in Japan. The standardized
mortality ratio of pancreatic cancer in females in the JACC Study
was similar to that in Japan, whereas it was little lower in males.
Rates increase with an advancing age in the JACC Study. It was
similar to previous studies. The relation between smoking and
pancreatic cancer is most consistently described. Histories of DM
and gallstones / cholecystitis were the risk of pancreatic cancer in
the JACC Study. However, many studies have shown that there is
a complex relationship between DM and pancreatic cancer.
Further investigations will be required for DM and other medical
conditions. Alcohol was not associated with and increased risk.
Most previous studies did not find the association between the
coffee consumption and the pancreatic cancer, although a large
amount of coffee consumption increased the risk in the JACC
Study. A further analysis of the relationships between family his-
tory, hormonal factors in females, dietary and nutritional factors,
obesity, physical activity and pancreatic cancer is necessary.

The JACC Study and most studies showed that current smokers
have a higher risk than nonsmokers. The dose-response relation-
ship was observed in the JACC Study and the other studies, how-
ever it was not strong in these studies.

(2) Alcohol consumption
Table 3 shows alcohol consumption for the risk of pancreatic can-
cer in the JACC Study and other epidemiologic studies.
According to the results of the JACC Study, upon analysis of
mortality to the end of 1997, alcohol intake was not associated
with pancreatic cancer mortality.3 A case-control study in the US
showed that black females who drank heavily had an increased
risk for pancreatic cancer (OR = 2.5, 95% CI: 1.02-5.9).20 Inoue et
al.25 conducted a case-control study in Japan and showed that for-
mer drinkers had an increased risk for pancreatic cancer. In two
cohort studies conducted in the US, alcohol intake was not associ-
ated with an increased risk for pancreatic cancer (30+ grams of
alcohol/day versus none; HR=1.00, 95% CI: 0.57- 1.76).62 These
results are consistent with those of the JACC Study.

(3) Coffee consumption
Table 4 shows coffee consumption for the risk of pancreatic can-
cer in the JACC Study and other epidemiologic studies.
According to the results of the JACC Study, upon analysis of the
data obtained through the end of 1997, coffee intake was not asso-
ciated with pancreatic cancer mortality.3 However, the HR signifi-
cantly increased to 3.19 (95% CI: 1.22-8.35) among men who con-
sumed a large amount of coffee, i.e., 4+ cups of coffee per day.3

Coffee has been studied as a cause of pancreatic cancer after
the warning that coffee was related to pancreatic cancer. There
was no association between coffee consumption and the risk of
pancreatic cancer in a case-control study in Finland,63 nor in a
cohort study in Norwegian men and women.64 Coffee intake was
not associated with an increased risk for pancreatic cancer in two
cohort studies conducted in the US (HR = 0.62, 95% CI: 0.27-
1.43).62 In these two cohort studies, there were also no statistically
significant associations between intake of tea, intake of decaf-
feinated coffee, or total caffeine intake and pancreatic cancer.62
Most previous studies did not find an association between coffee
consumption and pancreatic cancer.

Dietary and Nutritional Factors
Many studies on the relationship between dietary intake and pan-
creatic cancer have been conducted.13 However, there are often
difficulties related to ascertaining accurate dietary information
from these patients. Because pancreatic cancer has a high fatality
rate and due to the difficulty of dietary research, the relationship
between diet and nutrition is not clear.

Many case-control studies suggested that higher cholesterol
intake increases the risk of pancreatic cancer.16,60 There are few
reports, intake of grilled red meat might be a risk factor for pan-
creatic cancer in a case-control study.65 In a cohort study, in male
smokers the intake of butter and the intake of saturated fat
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