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ABSTRACT
Context Studies have shown a relationship between higtbiabetes and the risk of pancreatic cancer; kewehe temporal
relation between diabetes and pancreatic cancetislearly establishe@®@bjectives Diabetes and diabetes duration were examined
in relation to pancreatic cancer in a populatioedohcase-control study and prospective coldethods Case-control study:
pancreatic cancer cases (n=200) from the Midwest Wequency matched by age and sex to populatatrals (n=673). Logistic
regression yielded odds ratios (ORs) and 95% comdigléntervals (95% CI). lowa Women'’s Health StudyidS) cohort: 292
incident pancreatic cancer cases occurred betw@®®2008 among 36,084 post-menopausal, initialhcesfree women. Diabetes
status and diagnosis age were ascertained at tmaselid follow-ups. Proportional hazards regresgielded hazard ratios (HR,
95% CI) for pancreatic cancer in relation to baselifiabetes. Time-dependent analyses accountedigbetds diagnosed after
baseline. A nested-case control analysis assesabdtes duration as a risk fact®esultsIn the case-control study, compared to
participants without diabetes, the multivariate Q8% CI) for pancreatic cancer were 2.35 (1.24-4fdi7}hose with diabetes and
4.00 (0.94-16.9), 2.79 (0.97-8.04), and 2.40 (&BB) for diabetes durations of 2-5 years, 5.1-4fry, and more than 10 years,
respectively. In IWHS, compared to no diabetes tirariate-adjusted HRs for pancreatic cancer weé {1.23-2.83) for baseline
diabetes and 1.94 (1.40-2.69) adding diabetes gldalow-up. In an IWHS nested case-control analy§)Rs were 1.70 (0.78-
3.67), 2.62 (1.48-4.65), and 2.10 (1.36-3.24) fabdtes durations of 2-5 years, 5.1-10 years ane th@n 10 years, respectively,
versus no diabetesConclusions Diabetes is associated with pancreatic cancer aisk this is similar across different duration
categories.

INTRODUCTION and the findings are inconsistent; moreover, stuglyi
this association is complicated by the fact thaicea in

the pancreas often causes diabetes [2, 5, 7, 80]9,
We investigated the association between diabetds an
pancreatic cancer with particular focus on duratbn
diabetes [4, 7, 9]. A better understanding of the
association may yield clues to etiology of candethe
pancreas or may help in devising early markergHisr
cancer, which is usually diagnosed at late stagenw
the prognosis is very poor.

We examined this relationship in two populationdzhs
studies: one, a population-based case-control situdy
the Midwest of the United States and the othergh-w
established prospective cohort (the lowa Women’'s
Health Study (IWHS)).

MATERIALS AND METHODS

Pancreatic cancer is a devastating disease witheab
survival rate of just 5% [1, 2] and an average ailv
rate of five to six months [1]. While only the tant
most common cancer in the United States, pancreatic
cancer is the fourth most common cause of cancer
death [3]. Currently, little is known about theobbigy

of pancreatic cancer. The only well-established ris
factors are age [4, 5, 6], cigarette smoking [4,5], 8]

and a family history of pancreatic cancer [4, 5, 8]
Another possible risk factor is diabetes. Many &sd
have investigated the association between pancreati
cancer and diabetes mellitus and most have reparted
positive association. Fewer studies have examined
duration of diabetes relative to pancreatic camis
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Prior to inclusion in the study, pathology repoadfs
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/mcsk/ for eligibility. The cases were
ascertained from all hospitals in the metropolitaea

of the Twin Cities and a series from the Mayo @lini
Because half of the patients with pancreatic cadaer
within a few months after their diagnosis, a rapéde-
ascertainment system was used to enroll cases. The
median number of days between diagnosis and tste fir
contact for the study was 13 days [11, 12]. Costrol
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/

fiber did not substantively change the associataoms
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 obldmg
status and sex with diabetes. Since all P values fo
interactions were more than 0.15, interaction terms
were not included in final models.

Cohort Study Design and Analysis

A detailed description of the lowa Women’s Health
Study (IWHS) design has been previously presented
[17]. Briefly, the IWHS is a prospective cohort dyu
that started in 1986 with 41,836 postmenopausal
women from lowa who were between the ages of 55
and 69 years at baseline. In addition to the oaigin

databases and frequency matched to cases by sex and survey, five follow-up surveys were sent to study

age at diagnosis (within 5 years).

All subjects were interviewed in-persomegarding
demographic factors, lifestyle behaviors, historfy o
medical conditions, the age of the diabetes orzset,
insulin use. Anthropometric characteristics werd no
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, thyscab
who self-reported a diabetes onset prior to 30syeér
age were excluded from this analysis; those with
presumptive type 2 diabetes constituted the mgjofit
diabetes cases. In addition, since diabetes thairec
less than 2 years prior to pancreatic cancer ignoft
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 tremtatbt
having diabetes. Diabetes duration was calculated b
subtracting the age of diabetes diagnosis fromatie

of pancreatic cancer diagnosis for cases or agatth
date (the index date) for controls. To facilitate
comparisons to previous reports, three diabetes
duration categories were created: 2-5, 5.1-10 aoem
than 10 years.

In this analysis, there were 200 pancreatic cacases
and 673 controls. Demographic, lifestyle and other
characteristics between pancreatic cancer cases and
controls were compared using the t-test for comtisu
variables and the chi-square test for categorical
variables. Unconditional logistic regression wasdis
estimate multivariate-adjusted odds ratios (ORs) of
pancreatic cancer and 95% confidence intervals (95%
Cl) in relation to history of diabetes and its diga.

We also examined ORs for individuals with diabetes,
stratified by reported insulin use (yes or no),susr
those without diabetes. Multivariate-adjusted medel
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 inteksus

no current intake). Further adjustment for physical
activity, consumption of total calories, total fattotal
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participants in 1987, 1989, 1992, 1997, and 2004
(response rates were 91%, 90%, 83%, 79%, and 69%,
respectively). Through these surveys, informaticas w
collected on anthropometric measures, dietary sabit
personal and family health history, and demographic
Prevalent and incident cases of diabetes were sexbes
through self-report on the baseline survey or drithe
follow-up surveys (at which the participants repdrt
for the first time being diagnosed with diabetdske

the case-control study, all women with diabetes
diagnoses that preceded a pancreatic cancer diagnos
by less than 2 years were considered not to have
diabetes for these analyses. At baseline, in tywarsge
guestions, subjects reported whether or not theyl us
insulin and/or other medication for diabetes. Diabe
duration for women reporting diabetes at baselias w
calculated by subtracting age at diabetes diagnosis
from baseline age. Participants were excluded from
analysis if they reported having had cancer atllmese
(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 daatain
through the lowa State Health Registry, which =&

of the National Cancer Institute’s Surveillance,
Epidemiology, and End Results (SEER,
http://www.seer.cancer.ggvprogram. ICD-O-3 codes
[13] were used to establish eligibility of casesiyO
subjects with exocrine pancreatic cancers, which
comprise 95% of pancreatic malignancies, were
included into the analysis. All other pancreatimtus,
including islet cell tumors, sarcomas, and lymphsma
were excluded. After exclusions, the analytic cohor
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% Cls were computed in
multivariate-adjusted analyses. To assess the
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association between diabetes and pancreatic cancer controls). If more than ten controls were availatole

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 agsjyb
mass index (BMI: weight/height kg/nf), smoking
status (current, former, never), continuous packge
diabetes diagnosis date, education status (leashigh
school graduate, high school graduate, and pos$t hig
school graduate), multivitamin use, and alcohol
consumption (current intakeersus no current intake).
The final model included age, smoking status, pack-
years, education, and BMI. A potential effect of
diabetes treatment (either oral medication or injwin

the risk of pancreatic cancer was assessed by
stratifying those with diabetes as ever- or neveaied

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 adjustmenenT
controls were matched to each case on year of éirth
vital status on the year of the cancer diagnossltiag

in a sample size of 3,212 (292 cases and 2,920

matching to a case, controls were randomly chosen
from all eligible non-cases. Controls were assigard
index year matching the year of the cancer diagnosi
for their case. For women with diabetes, total diab
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 meantSD were used as descriptive
statistics and the Fisher’'s exact, the chi-squackthe
Student-t tests were used to compare characteristic
between pancreatic cancer cases and controls/non-
cases. Unconditional multivariate logistic regressi
was used to estimate the association of cancer with
history of diabetes and its duration in the casatrod
study by computing ORs and their corresponding 95%
Cls. 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% Cls. To assess the association

Table 1 Selected characteristics of participants in thelWdistern case-control study (1994-1998) and lowanéfds Health Study (1986-2008).

Data are reported as mean+SD or frequencies.

Characteristics Midwestern case-control study lowaVomen'’s Health Study (IWHS)?

Cancer cases Controls P value Cancer cases Non-cancer cases P value
(n=200) (n=673) (n=292) (n=35,792)

Age (years) 65.4+12.5 66.1+11.4 0.501 62.41+4.1 61.7+4.2 0.003

Race: <0.001° 0.738°

- Caucasian 187 (93.5%) 661 (98.2%) 287 (99.7%) 35,081 (99.2%)

- Other 13 (6.5%) 12 (1.8%) 1 (0.3%) 298 (0.8%)

Sex: 0.192° -

- Male 123 (61.8%) 380 (56.5%) 0 0

- Female 76 (38.2%) 293 (43.5%) 292 (100%) 35,792 (100%)

Education: 0.003" 0.723°

- Less than high school 32 (16.1%) 85 (12.6%) 61 (20.9%) 6,830 (19.1%)

- High school 72 (36.2%) 177 (26.3%) 118 (40.4%) 14,978 (41.8%)

- Post high school 95 (47.7%) 411 (61.1%) 113 (38.7%) 13,984 (39.1%)

BMI (kg/n?) - - - 27.245.2 27.045.1 0.590

Smoking: 0.040¢ 0.038"

- Current 32 (16.3%) 77 (11.4%) 57 (19.5%) 5,261 (14.7%)

- Former 90 (45.9%) 280 (41.6%) 45 (15.4%) 6,780 (18.9%)

- Never 74 (37.8%) 316 (47.0%) 190 (65.1%) 23,751 (66.4%)

Current alcohol intake: 0.001° 0.976°

- Yes 70 (45.2%) 330 (59.9%) 128 (43.8%) 15,658 (43.7%)

- No 85 (54.8%) 221 (40.1%) 164 (56.2%) 20,134 (56.3%)

Physical activity®: 0.002¢ 0.779

- Low 73 (36.5%) 163 (24.2%) 141 (48.5%) 16,615 (47.3%)

- Medium 81 (40.5%) 337 (50.1%) 75 (25.8%) 9,709 (27.6%)

- High 46 (23.0%) 173 (25.7%) 75 (25.8%) 8,815 (25.1%)

Diabete$: 0.001° 0.080°

- 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%)

2 All characteristics in the IWHS were ascertainelaseline in 1986
P Student-t tests were used to analyze continuatables

¢ Fisher's exact tests were used to analyze dichmisnaariables

4 Chi-square tests were used to analyze categedcibles

€ To assess physical activity, all activities weinddid into 3 levels: light (e.g., sitting, straili), moderate (e.g., qantry, brisk walking, moppir
floors, ice skating), and heavy (e.g., lumberjackning, heavy shoveling, basketball); and therevembined to create a physical activity score (1-
4). The scores were categorized as follows: 1, B®; medium; and 4, high [11]

" Participants with diabetes within 2 years of paatic cancer diagnosis were considered to not tiaetes in both studies
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between diabetes and pancreatic cancer while
accounting for diabetes diagnosed both before &rd a
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 SA 9
(SAS Institute Inc., Cary, NC, USA) was used to
conduct analyses in both studies. Two tailed Peslu
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 otatdi
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, panicreat
cancer cases were more likely to smoke, to report a
history of diabetes and a low physical activitydev
Cases were less likely to be Caucasian, to repait t
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 baselihe. T
incidence rate of pancreatic cancer among partitigpa
who were non-diabetic at baseline was 41.3 cases pe
100,000 person-years of observation. For parti¢gpan
who were diabetic at baseline, the incidence rdte o
pancreatic cancer was 75.0 cases per 100,000 person
years of observation (Table 2). On average, women
who had diabetes at baseline were older, had ahigh
BMI, and were less educated, as compared to women
who did not have diabetes (data not shown). More
detailed information about risk factors for pantiea
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 t

Table 2. Risk of pancreatic cancer in relation to diabeted treatment for
Women'’s Health Study (1986-2008).

those who did not, were very similar with the exaap

of age and smoking status while the difference in
history of diabetes was near the level of signifam
(Table 1). In contrast to the findings from the
Midwestern case-control study, cases and non-cases
did not differ by ethnicity, educational statuscaiol
intake, or physical activity level.

In the Midwestern case-control study the multivieda
adjusted OR for pancreatic cancer was 2.35 (95% CI:
1.24-4.47) for those witkiersus 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, 3.8}, b
there were only 14 and 11 pancreatic cancer cases
among the diabetic patients with and without tresatin
respectively.

Similarly, women with diabetes were at increasea#t ri
of pancreatic cancer in the IWHS; after multivagiat
adjustment, women with diabetes at baseline had 1.8
times the hazard for pancreatic cancer (95% CBB-1.2
2.83) than women without diabetes at baseline @abl
2). Adjusting for duration of diabetes before bl
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%
Cl: 1.40-2.69). Diabetic women who self-reported
treatment for diabetes were 1.87 (95% CI: 1.1033.18
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: 0.98-
1.03), other studies indicate that it is a probatalesal
factor for pancreatic cancer with relative riskimsttes

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 k&/m
overweight (equal to, or greater than, 25 and tean

30 kg/nf) 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

diabetes in the Midwestern casgral study (1994-1998) andwa

Diabetes status Midwestern case-control study

low/omen’s Health Study (IWHS)?

No. of No. of Multivariate- No. of Person-  Age-adjusted Multivariate-

cancer  controls adjusted® cancer years incidence rate adjusted?

cases OR (95% CI) cases (per 100,000) HR (95% CI)
No 172 631 1.00 (reference) 267 645,857 41.3 1.06r@mce)
Yes 28 42 2.35(1.24-4.47) 25 33,331 75.0 1.86 (1.332
- Diabetes without treatment’ 11 28 1.50 (0.60-3.81) 6 10,071 59.6 1.44 (0.e53.
- Diabetes with treatment’ 14 14 3.34 (1.35-8.26) 15 19,991 75.0 1.87 (1183

2The IWHS analysis includes participants with basetiiabetes only

P Treatment is insulin use (yes/no) in case-contralyswhile it is insulin or other medication in laomen’s Health Study
Adjusted for age, race, sex, education, smokingst@pack-years, and alcohol use

9 Adjusted for age, smoking status, pack-years, ditugand 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 wgmen
respectively; but it reached the significance leirel
overweight women only. The differences in cancsk ri
between BMI categories were not statistically
significant (P=0.493).

Finally, we investigated duration of diabetes ilatien

to pancreatic cancer risk. In the Midwestern case-
control study, associations were elevated acrobs al
duration categories (Table 3). When compared to
individuals without diabetes, the ORs for pancreati
cancer were 4.00 times higher for subjects who had
diabetes for 2-5 years (95% CI: 0.94-16.9), 2.7%e8
higher for subjects who had diabetes for 5.1-10s/ea
(95% CI: 0.97-8.04) and 2.40 times higher for sotgje
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 b
categories of diabetes duration in the IWHS nested
case-control analysis followed a similar patterale

3); the comparable ORs wer&:70 (95% CI: 0.78-
3.67), 2.62 (95% CI: 1.48-4.65), and 2.10 (95% CI:
1.36-3.24), respectively. In this study the HRs aver
significant both in women with a duration of diadeet

of 5.1-10 years and in those with a duration lortgan

10 years. Of note, although our main focus was on
diabetes as a risk factor for cancer, it is of ichh
interest to estimate the cancer risk associatedh wit
short-term diabetes. We estimated this in the case-
control study: in a multivariate-adjusted modele th
odds ratio of pancreatic cancer was 13.8 (95% @k 4
39.4) for those who had diabetes for less thana2sye
before the index date in comparison to non-diabetic
women.

DISCUSSION

We examined associations between duration of
diabetes and pancreatic cancer in two populaticeda
studies (a case-control study and a prospectivertoh
and the results were relatively consistent.

In the case-control study, the OR for pancreatitcea
was 2.35 (95% CI: 1.24-4.47) for those with diabete
versus those without diabetes. The point estimates were
elevated for all diabetes duration categories. Althh

the ORs were of borderline statistical significance
these subcategories, likely due to smaller numbérs

subjects, these data are consistent with the view t
the risk remains elevated over time.

Results were similar in the prospective analysighi
IWHS, where we accounted for incident diabetes over
22 years of follow up. Women diagnosed with diabete
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 froen th
two studies may be compared given that there was no
interaction between sex and diabetes in the caseedo
study (the ORs for pancreatic cancer were 2.42 for
males and 1.65 for females; P=0.46). This is i lin
with the meta analysis by Huxleg al. who in 2005
found no effect modification, by sex, of a diabetes
pancreatic cancer association: 1.70 (95% CI: 1.92)1

for male and 1.57 (95% CI: 1.30-1.89) for femalBs (
of interaction equal to 0.48) [7].

The 2-fold overall increased risk of pancreatic agan
for diabetic individuals diagnosed 2 or more years
before cancer in both of our analyses is consistdht

the results from published cohort and case-control
studies [4, 7, 9, 20, 21]. Similar to our findings,the
meta-analysis published by Huxleyal. in 2005, most,
but not all, of 36 studies reported an increassk of
pancreatic cancer for diabetic participants [7].eTh
overall estimate for the association between dexbet
and pancreatic cancer (including both case-coiindl
cohort studies) was 1.82 (95% CI: 1.66-1.99). Fesee
control studies alone (n=17), the estimate was 1.94
(95% CI: 1.53-2.46) while for cohort (or nested esas
control) studies (n=19) it was 1.73 (95% CI: 1.59-
1.88). A large Swedish cohort, not included in the
meta-analysis, also found a statistically signiftcask
estimate close to 2 for diabetes [9].

With respect to diabetes duration, results fronviores
studies are inconsistent. A meta-analysis of 9istud
with the same diabetes duration cut points, regoate
inverse association between pancreatic cancertend t
duration of diabetes (P<0.01) [7]. In contrast,tle
Swedish cohort, risks were elevated across duration
categories even after ten or more years, whichis i
agreement with our findings [9]. Although several

Table 3. Odds ratio of pancreatic cancer in relation tdefas duration in the Midwestern case-control sigd@p4-1998) and in a matched case-
control (1:10) study nested within lowa Women's e&tudy (IWHS: 1986-2008).

Diabetes duration Midwestern case-control study

Matched case-contraitudy nested within IWHS?

No. of No. of Multivariate-adjusted ° No. of No. of Multivariate-adjusted ©

cancer cases controls OR (95% CI) cancer cases controls OR (95% CI)
No diabete$ 172 631 1.00 (reference) 237 2,629 1.00 (refepence
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)
>10 years 11 22 2.40 (0.97-5.98) 29 153 2.10 (1.36-3.24)

2The IWHS analysis includes participants with bametiiabetes and individuals who developed dialibteiag follow-up
® Adjusted for age, race, sex, education, smokinystpack-years, and alcohol use

°Adjusted for age, education, smoking status, paeks; and BMI

9Subjects with diabetes within 2 years of pancresgitcer diagnosis were considered to not have @isbe
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other studies have reported changes in risk byetéasb
duration, the data do not make a strong case fdn su
differences. Two recent case-control studies fotnad

the elevation in risk of cancer decreased, thougth n
significantly, the longer people had diabetes. Ayda
case-control study by Silvermagt al. published in
1999 reported that having diabetes for a longeiloger
of time increased a person’s risk of pancreaticcean
(P=0.02) [8]. However, the ORs for different duoati
categories were very similar: compared to partitipa
without diabetes, ORs were 1.4 (95% CI: 0.7-2.4}, 1
(95% CI: 1.0-2.9), and 1.5 (95% CI: 1.01-2.2), 204,
5-9, and more than 10 years, respectively.

Our analyses did not reveal strong evidence for
differences in cancer risk by diabetes treatmemnbur
case-control study, when compared to individuals
without diabetes, the OR for diabetic individuatsng
insulin was 3.34 (95% CI: 1.35-8.26), whereas tlie O
was 1.50 (95% CI: 0.60-3.81) for diabetic indivitbua
not using insulin. In the IWHS cohort, the risk of
pancreatic cancer for women with diabetes who
reported that they were ever-treated and nevetetlea
compared to those without diabetes, were both
elevated: HR=1.87 (95% CI: 1.10-3.18) and HR=1.44
(95% ClI: 0.64-3.25), respectively. Our results frima
IWHS are not completely comparable to those from
other studies since women who used either diabetes
pills or insulin were combined into one treatmerdup

in order to increase the power of the analysis, et
overall effect is similar to the results from pravs
studies. In a pooled analysis of three large paticre
case-control studies, Leét al. in 2011 found that
participants with diabetes who used insulin comgare
to those with diabetes who did not use insulin bad
OR=2.2 (95% CI: 1.6-3.0) [21]; findings from our
Midwestern case-control study are in line with thes
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
findings were very similar to those from the IWHfitt
accounted for BMI. Of note, although BMI was self-
reported in the IWHS, previous validation studias i
the IWHS indicated that the self-reported measofes
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 elgerl
women, have found that self-reporting of diabetes i
fairly accurate [23, 24, 25]. A small IWHS validati
study of 44 self-reported diabetes cases at baselin
suggested some over-reporting of diabetes sincg onl
28 (63.6%) cases were confirmed by a physician.[26]
This misclassification could result in bias towattie
null. There is also the possibility of under diagisoof
diabetes. It is estimated that there are 7 milheople

in the United States who have diabetes, but have no
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been diagnosed [27]. Thus, in our studies, pagitip
may be misclassified as not having diabetes. Heeit
under- or over-reporting of diabetes diagnosis
occurred, our results may be altered, with
underreporting generally leading to attenuationisi
estimates. Finally, relatively low numbers of cagses
some subgroup categories limited the power to ok
differences by duration and treatment.

While both of these studies have limitations, thaye
important strengths. The IWHS is a large population
based cohort with follow-up of 22 years. Through th
use of SEER and the National Death Index (NDI¥ thi
study has excellent case ascertainment. Additignall
the prospective study allows for the inclusion of
incident diabetes and pancreatic cancer cases.iJhis
especially important for rapidly fatal diseaseshsas
pancreatic cancer. Information is collected prior t
pancreatic cancer diagnosis on virtually all sutsec
subsequently diagnosed, regardless of survival.time
This is generally an advantage over case-control
studies that may have selection bias by only irinlyd
pancreatic cancer cases with relatively long saidviv
Of note, in our population-based case-control stingy
results were very similar to the cohort resultshpps
because we reduced the potential for selection tyas
using rapid case ascertainment with subsequent
confirmation of case eligibility by a pathologisthav
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 inseea
risk of cancer, or there may be an unidentifiedseau
that is common to both diabetes and cancer [4, 9, 8
10, 21, 28, 29, 30, 31]. It is difficult to estadli a
temporal sequence when the precise onset of each
condition is not clear, diabetes is under diagnased
the population and individuals who are pre-diabetic
may also be at risk of cancer [27]. In additionsetof
pancreatic cancer may precede clinical detectiomfo

to 18 years [32]; it is possible that during
carcinogenesis, but well in advance of detectable
cancer, there is disruption of pancreatic functibat
leads to diabetes.

The results from the analyses presented here are
consistent with the hypothesis that diabetes is
associated with increased risk of subsequent paticre
cancer and this increased risk is evident even wvifhen
diabetes precedes the diagnosis of cancer by 10 or
more years. Whether a cause, consequence or ¢errela
with common antecedent, diabetes could be usefal as
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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