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ABSTRACT
Context Studies have shown a relationship between history of diabetes and the risk of pancreatic cancer; however, the temporal
relation between diabetes and pancreatic cancer is not clearly established. Objectives Diabetes and diabetes duration were examined
in relation to pancreatic cancer in a population-based case-control study and prospective cohort. Methods Case-control study:
pancreatic cancer cases (n=200) from the Midwest were frequency matched by age and sex to population controls (n=673). Logistic
regression yielded odds ratios (ORs) and 95% confidence intervals (95% CI). Iowa Women’s Health Study (IWHS) cohort: 292
incident pancreatic cancer cases occurred between 1986-2008 among 36,084 post-menopausal, initially cancer-free women. Diabetes
status and diagnosis age were ascertained at baseline and follow-ups. Proportional hazards regression yielded hazard ratios (HR,
95% CI) for pancreatic cancer in relation to baseline diabetes. Time-dependent analyses accounted for diabetes diagnosed after
baseline. A nested-case control analysis assessed diabetes duration as a risk factor. Results In the case-control study, compared to
participants without diabetes, the multivariate ORs (95% CI) for pancreatic cancer were 2.35 (1.24-4.47) for those with diabetes and
4.00 (0.94-16.9), 2.79 (0.97-8.04), and 2.40 (0.97-5.98) for diabetes durations of 2-5 years, 5.1-10 years, and more than 10 years,
respectively. In IWHS, compared to no diabetes, multivariate-adjusted HRs for pancreatic cancer were 1.86 (1.23-2.83) for baseline
diabetes and 1.94 (1.40-2.69) adding diabetes during follow-up. In an IWHS nested case-control analysis, ORs were 1.70 (0.783.67), 2.62 (1.48-4.65), and 2.10 (1.36-3.24) for diabetes durations of 2-5 years, 5.1-10 years and more than 10 years, respectively,
versus no diabetes. Conclusions Diabetes is associated with pancreatic cancer risk and this is similar across different duration
categories.

INTRODUCTION
Pancreatic cancer is a devastating disease with a 5-year
survival rate of just 5% [1, 2] and an average survival
rate of five to six months [1]. While only the tenth
most common cancer in the United States, pancreatic
cancer is the fourth most common cause of cancer
death [3]. Currently, little is known about the etiology
of pancreatic cancer. The only well-established risk
factors are age [4, 5, 6], cigarette smoking [4, 5, 6, 7, 8]
and a family history of pancreatic cancer [4, 5, 8].
Another possible risk factor is diabetes. Many studies
have investigated the association between pancreatic
cancer and diabetes mellitus and most have reported a
positive association. Fewer studies have examined
duration of diabetes relative to pancreatic cancer risk

and the findings are inconsistent; moreover, studying
this association is complicated by the fact that cancer in
the pancreas often causes diabetes [2, 5, 7, 8, 9, 10].
We investigated the association between diabetes and
pancreatic cancer with particular focus on duration of
diabetes [4, 7, 9]. A better understanding of the
association may yield clues to etiology of cancer of the
pancreas or may help in devising early markers for this
cancer, which is usually diagnosed at late stages when
the prognosis is very poor.
We examined this relationship in two population-based
studies: one, a population-based case-control study in
the Midwest of the United States and the other, a wellestablished prospective cohort (the Iowa Women’s
Health Study (IWHS)).
MATERIALS AND METHODS
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Case-Control Study Design and Analysis
The design and methods of this case-control study,
conducted in 1994-1998, have been described in detail
elsewhere [11, 12]. Cases (20 years or older) were
subjects with newly diagnosed cancer of the exocrine
pancreas according to the code C25 of the International
Classification of Disease for Oncology, third edition
(ICD-O-3) [13]).
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Prior to inclusion in the study, pathology reports of
potential cases were reviewed by a pathologist or
confirmed through the Minnesota Cancer Surveillance
System (MCSS, http://www.health.state.mn.us/divs/
hpcd/cdee/mcss/) for eligibility. The cases were
ascertained from all hospitals in the metropolitan area
of the Twin Cities and a series from the Mayo Clinic.
Because half of the patients with pancreatic cancer die
within a few months after their diagnosis, a rapid caseascertainment system was used to enroll cases. The
median number of days between diagnosis and the first
contact for the study was 13 days [11, 12]. Controls
were randomly selected from the general population
from Minnesota Driver’s License or Health Care
Financing Administration (now Centers for Medicare
and Medicaid Services; CMS, http://www.cms.gov/)
databases and frequency matched to cases by sex and
age at diagnosis (within 5 years).
All subjects were interviewed in-person regarding
demographic factors, lifestyle behaviors, history of
medical conditions, the age of the diabetes onset, and
insulin use. Anthropometric characteristics were not
measured in participants as cases may have
experienced rapid weight loss prior to diagnosis.
Omission of questions on previous weight and height
in the questionnaire was an oversight. Diabetes was
defined as onset at age 30 years or older, thus subjects
who self-reported a diabetes onset prior to 30 years of
age were excluded from this analysis; those with
presumptive type 2 diabetes constituted the majority of
diabetes cases. In addition, since diabetes that occurs
less than 2 years prior to pancreatic cancer is often
considered a symptom of the cancer [14, 15, 16],
subjects who had been diagnosed with diabetes less
than 2 years before their index dates were treated as not
having diabetes. Diabetes duration was calculated by
subtracting the age of diabetes diagnosis from the age
of pancreatic cancer diagnosis for cases or age at match
date (the index date) for controls. To facilitate
comparisons to previous reports, three diabetes
duration categories were created: 2-5, 5.1-10 and more
than 10 years.
In this analysis, there were 200 pancreatic cancer cases
and 673 controls. Demographic, lifestyle and other
characteristics between pancreatic cancer cases and
controls were compared using the t-test for continuous
variables and the chi-square test for categorical
variables. Unconditional logistic regression was used to
estimate multivariate-adjusted odds ratios (ORs) of
pancreatic cancer and 95% confidence intervals (95%
CI) in relation to history of diabetes and its duration.
We also examined ORs for individuals with diabetes,
stratified by reported insulin use (yes or no), versus
those without diabetes. Multivariate-adjusted models
included age, sex, race, education (less than high
school, high school, post high school), cigarette
smoking (smoking status: current, former and never,
and pack-years), and alcohol use (current intake versus
no current intake). Further adjustment for physical
activity, consumption of total calories, total fat or total

fiber did not substantively change the associations and
those variables were not included in final models.
Further, we tested whether or not sex and smoking
status modified associations between diabetes and
pancreatic cancer by testing for interactions of smoking
status and sex with diabetes. Since all P values for
interactions were more than 0.15, interaction terms
were not included in final models.
Cohort Study Design and Analysis
A detailed description of the Iowa Women’s Health
Study (IWHS) design has been previously presented
[17]. Briefly, the IWHS is a prospective cohort study
that started in 1986 with 41,836 postmenopausal
women from Iowa who were between the ages of 55
and 69 years at baseline. In addition to the original
survey, five follow-up surveys were sent to study
participants in 1987, 1989, 1992, 1997, and 2004
(response rates were 91%, 90%, 83%, 79%, and 69%,
respectively). Through these surveys, information was
collected on anthropometric measures, dietary habits,
personal and family health history, and demographics.
Prevalent and incident cases of diabetes were assessed
through self-report on the baseline survey or one of the
follow-up surveys (at which the participants reported
for the first time being diagnosed with diabetes). Like
the case-control study, all women with diabetes
diagnoses that preceded a pancreatic cancer diagnosis
by less than 2 years were considered not to have
diabetes for these analyses. At baseline, in two separate
questions, subjects reported whether or not they used
insulin and/or other medication for diabetes. Diabetes
duration for women reporting diabetes at baseline was
calculated by subtracting age at diabetes diagnosis
from baseline age. Participants were excluded from
analysis if they reported having had cancer at baseline
(except non-melanoma skin cancer) (n=3,830), were
not menopausal (n=569), or were diagnosed with
diabetes before age 30 (n=84). Additionally,
participants with missing data for the following
variables were excluded: pack-years of cigarette
smoking, smoking status, education and baseline
diabetes status.
Incident cancers and dates of diagnosis were obtained
through the Iowa State Health Registry, which is a part
of the National Cancer Institute’s Surveillance,
Epidemiology,
and
End
Results
(SEER,
http://www.seer.cancer.gov/) program. ICD-O-3 codes
[13] were used to establish eligibility of cases. Only
subjects with exocrine pancreatic cancers, which
comprise 95% of pancreatic malignancies, were
included into the analysis. All other pancreatic tumors,
including islet cell tumors, sarcomas, and lymphomas,
were excluded. After exclusions, the analytic cohort
was n=36,084 with 292 cases of pancreatic cancer.
The association between baseline diabetes and
pancreatic cancer was assessed using a proportional
hazards regression model. Hazard ratios (HRs) and
their corresponding 95% CIs were computed in
multivariate-adjusted analyses. To assess the
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association between diabetes and pancreatic cancer
while accounting for diabetes diagnosed both before
and after baseline, a time dependent analysis was
conducted. Baseline variables that were tested as
potential confounders in this study included age, body
mass index (BMI: weight/height2, kg/m2), smoking
status (current, former, never), continuous pack-years,
diabetes diagnosis date, education status (less than high
school graduate, high school graduate, and post high
school graduate), multivitamin use, and alcohol
consumption (current intake versus no current intake).
The final model included age, smoking status, packyears, education, and BMI. A potential effect of
diabetes treatment (either oral medication or insulin) on
the risk of pancreatic cancer was assessed by
stratifying those with diabetes as ever- or never-treated
and compared to those without diabetes.
Associations between duration of diabetes and
pancreatic cancer were analyzed with a nested-case
control design in the IWHS cohort using conditional
logistic regression with multivariate adjustment. Ten
controls were matched to each case on year of birth and
vital status on the year of the cancer diagnosis resulting
in a sample size of 3,212 (292 cases and 2,920

controls). If more than ten controls were available for
matching to a case, controls were randomly chosen
from all eligible non-cases. Controls were assigned an
index year matching the year of the cancer diagnosis
for their case. For women with diabetes, total diabetes
duration was calculated by subtracting each
individual’s diabetes diagnosis year from their
pancreatic cancer diagnosis year for cases or index
dates for controls.
STATISTICS
Frequencies and mean±SD were used as descriptive
statistics and the Fisher’s exact, the chi-square and the
Student-t tests were used to compare characteristics
between pancreatic cancer cases and controls/noncases. Unconditional multivariate logistic regression
was used to estimate the association of cancer with
history of diabetes and its duration in the case-control
study by computing ORs and their corresponding 95%
CIs. The association between baseline diabetes and
pancreatic cancer was assessed using a multivariate
proportional hazards regression model in the cohort
study (IWHS) by computing HRs and their
corresponding 95% CIs. To assess the association

Table 1. Selected characteristics of participants in the Midwestern case-control study (1994-1998) and Iowa Women’s Health Study (1986-2008).
Data are reported as mean±SD or frequencies.
Characteristics
Midwestern case-control study
Iowa Women’s Health Study (IWHS) a
Non-cancer cases
P value
Cancer cases
Controls
P value
Cancer cases
(n=292)
(n=35,792)
(n=200)
(n=673)
Age (years)
Race:
- Caucasian
- Other

65.4±12.5

66.1±11.4

<0.001
187 (93.5%)
13 (6.5%)

62.4±4.1

61.7±4.2

c

661 (98.2%)
12 (1.8%)

123 (61.8%)
76 (38.2%)

380 (56.5%)
293 (43.5%)

Education:
- Less than high school
- High school
- Post high school

32 (16.1%)
72 (36.2%)
95 (47.7%)

85 (12.6%)
177 (26.3%)
411 (61.1%)

-

-

287 (99.7%)
1 (0.3%)

35,081 (99.2%)
298 (0.8%)

0
292 (100%)

0
35,792 (100%)

61 (20.9%)
118 (40.4%)
113 (38.7%)

6,830 (19.1%)
14,978 (41.8%)
13,984 (39.1%)

27.2±5.2

27.0±5.1

Smoking:
- Current
- Former
- Never

32 (16.3%)
90 (45.9%)
74 (37.8%)

77 (11.4%)
280 (41.6%)
316 (47.0%)

57 (19.5%)
45 (15.4%)
190 (65.1%)

5,261 (14.7%)
6,780 (18.9%)
23,751 (66.4%)

Current alcohol intake:
- Yes
- No

70 (45.2%)
85 (54.8%)

330 (59.9%)
221 (40.1%)

128 (43.8%)
164 (56.2%)

15,658 (43.7%)
20,134 (56.3%)

Physical activitye:
- Low
- Medium
- High

73 (36.5%)
81 (40.5%)
46 (23.0%)

163 (24.2%)
337 (50.1%)
173 (25.7%)

141 (48.5%)
75 (25.8%)
75 (25.8%)

16,615 (47.3%)
9,709 (27.6%)
8,815 (25.1%)

-

0.003 d

-

0.003 b
0.738 c

0.192 c

Sex:
- Male
- Female

BMI (kg/m2)

0.501 b

0.723 d

0.040 d

0.590 b
0.038 d

0.001 c

0.976 c

0.002 d

0.779 d

0.001 c
0.080 c
Diabetesf:
- Yes
28 (14.0%)
42 (6.2%)
25 (8.6%)
2,180 (6.1%)
- No
172 (86.0%)
631 (93.8%)
267 (91.4%)
33,612 (93.9%)
a
All characteristics in the IWHS were ascertained at baseline in 1986
b
Student-t tests were used to analyze continuous variables
c
Fisher’s exact tests were used to analyze dichotomous variables
d
Chi-square tests were used to analyze categorical variables
e
To assess physical activity, all activities were divided into 3 levels: light (e.g., sitting, strolling), moderate (e.g., carpentry, brisk walking, mopping
floors, ice skating), and heavy (e.g., lumberjack, running, heavy shoveling, basketball); and then were combined to create a physical activity score (14). The scores were categorized as follows: 1, low; 2-3, medium; and 4, high [11]
f
Participants with diabetes within 2 years of pancreatic cancer diagnosis were considered to not have diabetes in both studies
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between diabetes and pancreatic cancer while
accounting for diabetes diagnosed both before and after
baseline, a time dependent analysis was conducted.
Associations between duration of diabetes and
pancreatic cancer were analyzed with a nested-case
control design in the IWHS cohort using conditional
logistic regression. The statistical software SAS 9.2
(SAS Institute Inc., Cary, NC, USA) was used to
conduct analyses in both studies. Two tailed P values
less than 0.05 were considered significant.
ETHICS
The case-control study was reviewed and approved by
the University of Minnesota and the Mayo Clinic
Institutional Review Boards (IRB). The IWHS has
been approved by the University of Minnesota’s IRB.
In both studies, written informed consent was obtained
from each participant.
RESULTS
In the Midwestern case-control study, there were
97.1% Caucasians; 61.5% of the 200 cases and 56.3%
of the 673 controls were males (Table 1). The mean
ages of cases and controls were 65.4 years and 66.1
years, respectively. Compared to controls, pancreatic
cancer cases were more likely to smoke, to report a
history of diabetes and a low physical activity level.
Cases were less likely to be Caucasian, to report that
they consumed alcohol and to have had post high
school education (Table 1).
In the IWHS, 99.2% of the women were Caucasian;
there were 2,205 women with diabetes at baseline. The
incidence rate of pancreatic cancer among participants
who were non-diabetic at baseline was 41.3 cases per
100,000 person-years of observation. For participants
who were diabetic at baseline, the incidence rate of
pancreatic cancer was 75.0 cases per 100,000 personyears of observation (Table 2). On average, women
who had diabetes at baseline were older, had a higher
BMI, and were less educated, as compared to women
who did not have diabetes (data not shown). More
detailed information about risk factors for pancreatic
cancer among women in the IWHS has been published
previously
[18].
The
baseline
demographic
characteristics for the 292 women who developed
pancreatic cancer between 1986 and 2008, compared to

those who did not, were very similar with the exception
of age and smoking status while the difference in
history of diabetes was near the level of significance
(Table 1). In contrast to the findings from the
Midwestern case-control study, cases and non-cases
did not differ by ethnicity, educational status, alcohol
intake, or physical activity level.
In the Midwestern case-control study the multivariateadjusted OR for pancreatic cancer was 2.35 (95% CI:
1.24-4.47) for those with versus those without diabetes
(Table 2). When compared to subjects without
diabetes, for those with diabetes who were using
insulin, the OR was 3.34 (95% CI: 1.35-8.12) (Table
2), while those with diabetes who did not receive
treatment had an OR of 1.50 (95% CI: 0.60, 3.81), but
there were only 14 and 11 pancreatic cancer cases
among the diabetic patients with and without treatment,
respectively.
Similarly, women with diabetes were at increased risk
of pancreatic cancer in the IWHS; after multivariate
adjustment, women with diabetes at baseline had 1.86
times the hazard for pancreatic cancer (95% CI: 1.232.83) than women without diabetes at baseline (Table
2). Adjusting for duration of diabetes before baseline
did not substantively change the result (data not
shown). HRs were also similar when diabetes was
modeled as a time-dependent variable (HR=1.94; 95%
CI: 1.40-2.69). Diabetic women who self-reported
treatment for diabetes were 1.87 (95% CI: 1.10-3.18)
times more likely than those without diabetes to
develop pancreatic cancer. Diabetic women who did
not receive treatment compared to those without
diabetes had a HR=1.44 (95% CI: 0.64-3.25), but it
was not statistically significant (Table 2).
Although BMI was not associated with pancreatic
cancer risk in the IWHS (HR=1.01; 95% CI: 0.981.03), other studies indicate that it is a probable causal
factor for pancreatic cancer with relative risk estimates
of about 1.3 [19]. To determine whether or not the
association of diabetes with pancreatic cancer is
independent of BMI in our cohort, we stratified by
BMI categories of normal (less than 25 kg/m2),
overweight (equal to, or greater than, 25 and less than
30 kg/m2) and obese (equal to, or greater than, 30
kg/m²). In a multivariate model, with additional
adjustment for BMI as a continuous variable, the HR

Table 2. Risk of pancreatic cancer in relation to diabetes and treatment for diabetes in the Midwestern case-control study (1994-1998) and Iowa
Women’s Health Study (1986-2008).
Diabetes status
Midwestern case-control study
Iowa Women’s Health Study (IWHS) a
No. of
No. of
MultivariateNo. of
PersonAge-adjusted
Multivariatecancer
controls
adjusted c
cancer
years
incidence rate
adjusted d
cases
OR (95% CI)
cases
(per 100,000)
HR (95% CI)
No

172

631

1.00 (reference)

267

645,857

41.3

1.00 (reference)

Yes

28

42

2.35 (1.24-4.47)

25

33,331

75.0

1.86 (1.23-2.83)

- Diabetes without treatment b

11

28

1.50 (0.60-3.81)

6

10,071

59.6

14
14
3.34 (1.35-8.26)
15
19,991
75.0
- Diabetes with treatment b
a
The IWHS analysis includes participants with baseline diabetes only
b
Treatment is insulin use (yes/no) in case-control study while it is insulin or other medication in Iowa Women’s Health Study
c
Adjusted for age, race, sex, education, smoking status, pack-years, and alcohol use
d
Adjusted for age, smoking status, pack-years, education, and BMI
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was elevated in all categories: 1.67 (95% CI: 0.68,
4.11); 2.80 (95% CI: 1.49, 5.26), and 1.32 (95% CI:
0.65, 2.67), in normal, overweight, and obese women,
respectively; but it reached the significance level in
overweight women only. The differences in cancer risk
between BMI categories were not statistically
significant (P=0.493).
Finally, we investigated duration of diabetes in relation
to pancreatic cancer risk. In the Midwestern casecontrol study, associations were elevated across all
duration categories (Table 3). When compared to
individuals without diabetes, the ORs for pancreatic
cancer were 4.00 times higher for subjects who had
diabetes for 2-5 years (95% CI: 0.94-16.9), 2.79 times
higher for subjects who had diabetes for 5.1-10 years
(95% CI: 0.97-8.04) and 2.40 times higher for subjects
who had diabetes for more than 10 years (95% CI:
0.97-5.98) although none of them reached the
significance level. The ORs for pancreatic cancer by
categories of diabetes duration in the IWHS nested
case-control analysis followed a similar pattern (Table
3); the comparable ORs were: 1.70 (95% CI: 0.783.67), 2.62 (95% CI: 1.48-4.65), and 2.10 (95% CI:
1.36-3.24), respectively. In this study the HRs were
significant both in women with a duration of diabetes
of 5.1-10 years and in those with a duration longer than
10 years. Of note, although our main focus was on
diabetes as a risk factor for cancer, it is of clinical
interest to estimate the cancer risk associated with
short-term diabetes. We estimated this in the casecontrol study: in a multivariate-adjusted model, the
odds ratio of pancreatic cancer was 13.8 (95% CI: 4.839.4) for those who had diabetes for less than 2 years
before the index date in comparison to non-diabetic
women.
DISCUSSION
We examined associations between duration of
diabetes and pancreatic cancer in two population-based
studies (a case-control study and a prospective cohort)
and the results were relatively consistent.
In the case-control study, the OR for pancreatic cancer
was 2.35 (95% CI: 1.24-4.47) for those with diabetes
versus those without diabetes. The point estimates were
elevated for all diabetes duration categories. Although
the ORs were of borderline statistical significance in
these subcategories, likely due to smaller numbers of

subjects, these data are consistent with the view that
the risk remains elevated over time.
Results were similar in the prospective analysis in the
IWHS, where we accounted for incident diabetes over
22 years of follow up. Women diagnosed with diabetes
had almost double the risk of developing pancreatic
cancer compared to women without diabetes. In the
nested case-control analysis within the cohort, all
duration categories showed increased ORs of
pancreatic cancer.
Of note, although the IWHS study included only
women, whereas the case-control study included both
men and women, we believe that the findings from the
two studies may be compared given that there was no
interaction between sex and diabetes in the case-control
study (the ORs for pancreatic cancer were 2.42 for
males and 1.65 for females; P=0.46). This is in line
with the meta analysis by Huxley et al. who in 2005
found no effect modification, by sex, of a diabetespancreatic cancer association: 1.70 (95% CI: 1.52-1.91)
for male and 1.57 (95% CI: 1.30-1.89) for females (P
of interaction equal to 0.48) [7].
The 2-fold overall increased risk of pancreatic cancer
for diabetic individuals diagnosed 2 or more years
before cancer in both of our analyses is consistent with
the results from published cohort and case-control
studies [4, 7, 9, 20, 21]. Similar to our findings, in the
meta-analysis published by Huxley et al. in 2005, most,
but not all, of 36 studies reported an increased risk of
pancreatic cancer for diabetic participants [7]. The
overall estimate for the association between diabetes
and pancreatic cancer (including both case-control and
cohort studies) was 1.82 (95% CI: 1.66-1.99). For casecontrol studies alone (n=17), the estimate was 1.94
(95% CI: 1.53-2.46) while for cohort (or nested casecontrol) studies (n=19) it was 1.73 (95% CI: 1.591.88). A large Swedish cohort, not included in the
meta-analysis, also found a statistically significant risk
estimate close to 2 for diabetes [9].
With respect to diabetes duration, results from previous
studies are inconsistent. A meta-analysis of 9 studies
with the same diabetes duration cut points, reported an
inverse association between pancreatic cancer and the
duration of diabetes (P<0.01) [7]. In contrast, in the
Swedish cohort, risks were elevated across duration
categories even after ten or more years, which is in
agreement with our findings [9]. Although several

Table 3. Odds ratio of pancreatic cancer in relation to diabetes duration in the Midwestern case-control study (1994-1998) and in a matched casecontrol (1:10) study nested within Iowa Women’s Health Study (IWHS: 1986-2008).
Diabetes duration
Midwestern case-control study
Matched case-control study nested within IWHS a
No. of
No. of
Multivariate-adjusted b
No. of
No. of
Multivariate-adjusted c
cancer cases controls
OR (95% CI)
cancer cases controls
OR (95% CI)
No diabetesd

172

631

1.00 (reference)

237

2,629

1.00 (reference)

2-5 years

9

6

4.00 (0.94-16.9)

8

50

1.70 (0.78-3.67)

5.1-10 years

8

14

2.79 (0.97-8.04)

16

65

2.62 (1.48-4.65)

11
22
2.40 (0.97-5.98)
29
153
>10 years
a
The IWHS analysis includes participants with baseline diabetes and individuals who developed diabetes during follow-up
b
Adjusted for age, race, sex, education, smoking status, pack-years, and alcohol use
c
Adjusted for age, education, smoking status, pack-years, and BMI
d
Subjects with diabetes within 2 years of pancreatic cancer diagnosis were considered to not have diabetes
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other studies have reported changes in risk by diabetes
duration, the data do not make a strong case for such
differences. Two recent case-control studies found that
the elevation in risk of cancer decreased, though not
significantly, the longer people had diabetes. A large
case-control study by Silverman et al. published in
1999 reported that having diabetes for a longer period
of time increased a person’s risk of pancreatic cancer
(P=0.02) [8]. However, the ORs for different duration
categories were very similar: compared to participants
without diabetes, ORs were 1.4 (95% CI: 0.7-2.4), 1.7
(95% CI: 1.0-2.9), and 1.5 (95% CI: 1.01-2.2), for 2-4,
5-9, and more than 10 years, respectively.
Our analyses did not reveal strong evidence for
differences in cancer risk by diabetes treatment. In our
case-control study, when compared to individuals
without diabetes, the OR for diabetic individuals using
insulin was 3.34 (95% CI: 1.35-8.26), whereas the OR
was 1.50 (95% CI: 0.60-3.81) for diabetic individuals
not using insulin. In the IWHS cohort, the risk of
pancreatic cancer for women with diabetes who
reported that they were ever-treated and never-treated,
compared to those without diabetes, were both
elevated: HR=1.87 (95% CI: 1.10-3.18) and HR=1.44
(95% CI: 0.64-3.25), respectively. Our results from the
IWHS are not completely comparable to those from
other studies since women who used either diabetes
pills or insulin were combined into one treatment group
in order to increase the power of the analysis. Yet, the
overall effect is similar to the results from previous
studies. In a pooled analysis of three large pancreatic
case-control studies, Li et al. in 2011 found that
participants with diabetes who used insulin compared
to those with diabetes who did not use insulin had an
OR=2.2 (95% CI: 1.6-3.0) [21]; findings from our
Midwestern case-control study are in line with these
results.
Both of the studies we present here have some
limitations. BMI was not assessed in the pancreatic
cancer case-control study as cases may have
experienced rapid weight loss prior to diagnosis.
Omission of questions on previous weight and height
in the questionnaire was an oversight. Despite this, our
findings were very similar to those from the IWHS that
accounted for BMI. Of note, although BMI was selfreported in the IWHS, previous validation studies in
the IWHS indicated that the self-reported measures of
weight and height (used to calculate BMI) were
reliable and accurate [22].
An additional limitation is self-report of diabetes.
Various studies, including a recent study in elderly
women, have found that self-reporting of diabetes is
fairly accurate [23, 24, 25]. A small IWHS validation
study of 44 self-reported diabetes cases at baseline
suggested some over-reporting of diabetes since only
28 (63.6%) cases were confirmed by a physician [26].
This misclassification could result in bias towards the
null. There is also the possibility of under diagnosis of
diabetes. It is estimated that there are 7 million people
in the United States who have diabetes, but have not

been diagnosed [27]. Thus, in our studies, participants
may be misclassified as not having diabetes. If either
under- or over-reporting of diabetes diagnosis
occurred, our results may be altered, with
underreporting generally leading to attenuation of risk
estimates. Finally, relatively low numbers of cases in
some subgroup categories limited the power to look at
differences by duration and treatment.
While both of these studies have limitations, they have
important strengths. The IWHS is a large populationbased cohort with follow-up of 22 years. Through the
use of SEER and the National Death Index (NDI), this
study has excellent case ascertainment. Additionally,
the prospective study allows for the inclusion of
incident diabetes and pancreatic cancer cases. This is
especially important for rapidly fatal diseases such as
pancreatic cancer. Information is collected prior to
pancreatic cancer diagnosis on virtually all subjects
subsequently diagnosed, regardless of survival time.
This is generally an advantage over case-control
studies that may have selection bias by only including
pancreatic cancer cases with relatively long survival.
Of note, in our population-based case-control study the
results were very similar to the cohort results, perhaps
because we reduced the potential for selection bias by
using rapid case ascertainment with subsequent
confirmation of case eligibility by a pathologist who
reviewed the medical reports.
Studies of diabetes and pancreatic cancer are
challenging. Apart from diabetes that arises as a
consequence of a pancreatic tumor, the relationship
between the two conditions is ambiguous. Diabetes
may increase surveillance for cancer, it may increase
risk of cancer, or there may be an unidentified cause
that is common to both diabetes and cancer [4, 7, 8, 9,
10, 21, 28, 29, 30, 31]. It is difficult to establish a
temporal sequence when the precise onset of each
condition is not clear, diabetes is under diagnosed in
the population and individuals who are pre-diabetic
may also be at risk of cancer [27]. In addition, onset of
pancreatic cancer may precede clinical detection for up
to 18 years [32]; it is possible that during
carcinogenesis, but well in advance of detectable
cancer, there is disruption of pancreatic function that
leads to diabetes.
The results from the analyses presented here are
consistent with the hypothesis that diabetes is
associated with increased risk of subsequent pancreatic
cancer and this increased risk is evident even when the
diabetes precedes the diagnosis of cancer by 10 or
more years. Whether a cause, consequence or correlate
with common antecedent, diabetes could be useful as a
component of risk models for cancer of the pancreas.
Such models may help identify the cancer at a stage
where intervention could improve survival.
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