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Abstract
Background/Aims—The temporal association between diabetes mellitus and pancreatic cancer is
poorly understood. We compared temporal patterns in diabetes prevalence in pancreatic cancer and
controls.

Methods—We reviewed medical records of pancreatic cancer cases residing ≤120 miles of
Rochester seen at Mayo Clinic between 1/15/1981 and 7/9/2004 and approximately two matched
controls/case residing locally. We abstracted all outpatient fasting blood glucose (FBG) up to 60
months before index i.e., date of cancer diagnosis for cases and grouped them into 12-month intervals;
736 cases and 1875 controls had ≥1 outpatient FBG in the medical record. Diabetes was defined as
any FBG ≥126 mg/dl or treatment for diabetes and as new-onset when criteria for diabetes were first
met ≤24 months before index, with at least one prior FBG <126 mg/dl.

Results—A higher proportion of pancreatic cancer cases compared to controls met criteria for
diabetes at any time in the 60 months before index (40.2% vs 19.2%, p<0.0001). The proportions
were similar in the −60 to −48 (p=0.76) and −48 to −36 (p=0.06) month time periods; however, a
greater proportion of cases than controls met criteria for diabetes in the −36 to −24 (p=0.04), −24 to
−12 (p<0.001) and −12 to 0 (p<0.001) month time periods. Diabetes was more often new-onset in
cases versus controls (52.3% vs 23.6%, p<0.0001).

Conclusions—Diabetes has a high (40%) prevalence in pancreatic cancer and is frequently new-
onset. Identification of a specific biomarker for pancreatic cancer-induced diabetes may allow
screening for pancreatic cancer in new-onset diabetes.

The association between diabetes mellitus (DM) and pancreatic cancer (PaC) has long been
recognized. While long-standing DM is thought to be an etiologic factor for PaC, new-onset
DM may be a manifestation of the cancer 1. Previous epidemiologic studies of the association
between DM and PaC 2 have generally used either a case-control design where the prevalence
and duration of DM in persons with and without PaC are compared or a cohort design where
subjects are followed forward for survival free of PaC regardless of the DM status. A recent
meta-analysis 2 of 17 case–control and 19 cohort (or nested case–control) studies published
between 1966 and 2005 found that the combined age- and sex-adjusted odds ratio (OR) for
PaC associated with DM was 1.82 (95% confidence interval (95% CI) 1.66−1.89). However,
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subjects with DM duration of ≤4 years had a 50% greater risk of PaC compared to subjects
with DM duration of ≥5 years (OR 2.1 vs 1.5; P = 0.005). Since this meta-analysis was
published, four more epidemiologic studies from North America 3-6, including one from our
group, have reported a strong association of PaC with recent-onset DM.

Based on such data some authors have suggested that recognition of DM as an early
manifestation of PaC could lead to diagnosis of surgically resectable PaC 7. However, in most
case-control studies, the prevalence of DM in patients with PaC (5−20%) is significantly but
not substantially higher than that found in the control group, and only a subset of PaC patients
have new-onset DM. Additionally, recent studies 8, 9 in which subjects with new-onset DM
were screened for PaC found that, of the few PaCs identified, most cancers were already at an
advanced stage and hence unresectable. These data would suggest that new-onset DM
associated with PaC (PaCDM) is not sufficiently frequent or early manifestation of PaC to be
a clinically relevant marker of undiagnosed PaC. To evaluate the utility of new onset DM as
a marker of early PaC, a better understanding of the relationship between DM and PaC is
required.

It is important to note that the approaches used in most published epidemiologic studies to
identify DM and to determine its date of onset have important limitations. In the recent meta-
analysis of 36 epidemiologic studies only 3 used fasting glucose or oral glucose tolerance tests
to identify subjects with DM at baseline; the other studies used proxy or self report or review
of medical records or a combination of these methods. Often the length of medical record
available for review is very limited, and in some studies is limited solely to the acute
hospitalization 7. The date of onset and duration of DM in PaC in most previous epidemiologic
studies has been based on self report by patient or proxy, date of first hospitalization for DM,
or date of earliest clinical mention of DM in the medical records 7. These approaches have
obvious limitations in that they underestimate the prevalence of DM, and among those with
identified DM, they likely lead to an emphasis on long-standing DM.

The goals of the present study were to confirm the association between PaC and new-onset
DM and determine the prevalence and temporal association of DM in PaC compared to age-
and sex-matched subjects without PaC. To overcome the problems noted above we reviewed
the hospital and ambulatory medical records (including all laboratory fasting blood glucose
[FBG] values) for 60 months before index which was defined as the date of PaC diagnosis for
cases and approximately the same date for matched controls. Using this approach we were able
to identify not only subjects with a prior clinical diagnosis and/or treatment for DM, but also
those who met glycemic criteria for DM (FBG ≥126 mg/dl) but were undiagnosed. In addition
the date of onset of DM was based on the date subjects met glycemic criteria for DM rather
than the date clinical diagnosis of DM was assigned. This extended period of observation and
access to laboratory data allowed us to more accurately examine intra-individual patterns over
time in subjects with and without PaC.

METHODS
The study was approved by the Mayo Clinic Foundation Institutional Review Board.

PaC case ascertainment
The Mayo Diagnostic Index was searched using International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) 10 codes for PaC (157.0 through 157.9,
excluding 157.4 (Malignant neoplasm of islets of Langerhans). The search was restricted to
subjects seen at Mayo Medical Center (MMC), Rochester, Minnesota (MN), between
1/15/1981 and 7/9/2004 and living within 120 miles of Rochester. We manually reviewed the
medical records of the 1820 subjects thus identified to confirm the details of clinical
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presentation, results of clinical work-up.Only those who were seen within 30 days of PaC
diagnosis and had definite PaC (histologically confirmed, n=988 (84%)) or probable PaC
(pancreatic mass with obstructive jaundice, n=184 (16%)) were included in the study. The most
common reason for physician or patient not obtaining histologic diagnosis of PaC was old age
as elderly patients often opted to have no treatment for their cancer; median age of subjects
without histology was 78 years versus 68 years for those with histology (p<0.001). Details of
date of birth, sex and date of diagnosis of PaC were abstracted from the medical records of the
1172 subjects with definite or probable PaC.

Selection of Control Subjects without PaC
Rochester, MN is the county seat of Olmsted County. For each of the confirmed PaC cases,
we selected 2 Olmsted County residents who did not have PaC matched on cases' sex (same),
birth date (± 1 year) and seen in the year of case's PaC diagnosis. As was done with cases, we
limited controls to residents whose first MMC encounter was before 30 days from index.

Abstraction of Fasting Outpatient Blood Glucose Values
We electronically retrieved all out-patient FBG values for 60 months before the index date on
1172 PaC cases and 2344 subjects without PaC. Further analyses were restricted to the 736
PaC cases and 1875 subjects without PaC who had at least one outpatient FBG values.

Greater proportion of controls had at least one FBG compared to cases (80% vs 63%,
p<0.0001). Within controls, females were more likely to have at least one FBG than males
(86.47% vs 81.92%, p=0.0152); controls with FBG tended to older than controls without FBG
(69.42±11.4 vs 65.8±13.5, (p-value<=0.0001).Within cases, similar proportion of females and
males had at least one FBG value (62.9% vs 62.71%, p=0.9478); cases with FBG tended to
older than cases without FBG (68.5±11.2 vs 67.1±12.7, p=0.0480).

Abstraction of Demographic and Clinical Data
The inpatient and outpatient medical records of the 736 subjects with PaC and 1875 without
PaC were manually reviewed to abstract the following: body mass index (BMI = wt in kg/
height in meters squared) at each FBG for 60 months before index and at index, parental history
of diabetes, parental history of pancreatic cancer, and smoking history classified as ever/never.
In those subjects with any clinical diagnosis of DM or DM-related condition (e.g.,
hyperglycemia), the medical records were also reviewed to determine, for each glucose value,
whether it was drawn while on anti-diabetic medication. In PaC subjects, we noted the presence
and duration of any of the cancer-related symptoms of abdominal pain, back pain, jaundice,
weight loss and anorexia.

Definition of Time Windows
Data on outpatient FBG values and BMI from cases and controls were grouped into 12-month
time periods from 60 months before index date until the index date. In patients without an FBG
at event date, an FBG value up to 30 days after was included as long as no surgical intervention
had been performed before measurement of FBG. Data on outpatient fasting blood glucose
values and BMI from cases and controls were grouped into the following time intervals
(windows): +1 to − 12 months, −12 to −24 months, −24 to −36 months, −36 to −48 months,
and −48 to −60 months.

Definition of Diabetes and its Duration
Study subjects were defined as having DM if at least one FBG value was ≥126 mg/dl or they
were on prescription anti-diabetic medications. All but 19 subjects (13 cases and 6 controls)
with DM in our study had FBG values of ≥126 mg/dl. In patients meeting DM criteria, the date
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that criteria for DM were met was noted. Duration of DM was classified as a) long standing if
subjects met criteria for DM more than 24 months before index, b) new-onset if the first date
subjects met criteria for DM was within 24 months before index and they had ≥1 previous FBG
value <126 mg/dl, and c) of uncertain duration if subjects first met criteria for DM within 24
month before index but had no previous FBG values or if patients whose first elevated FBG
value of ≥126 mg/dl was in the <24 month window which was followed by non-elevated values
without being on treatment.

Statistical analyses
All analyses were conducted using SAS 9.1.3 (SAS Institute Inc, Cary, North Carolina). The
subsets of cases and controls and our approaches to the following questions were as follows:

1. What is the prevalence of DM in subjects with and without PaC? Among subjects
who had at least one FBG value in the 60 months before index, we determined the
proportion of cases and controls that met criteria for DM at any time in the 60 months
prior to index date.

2. Are there differences in clinical profile of diabetic subjects with and without PaC?
We compared the demographics, smoking history, BMI, parental history of DM, and
amount of weight loss in diabetic subjects with and without PaC. Weight loss was
calculated as the difference between weight 3−5 years before index and weight at
index.

3. Is there any temporal association between PaC and DM? We compared the proportion
of cases and controls that met criteria for DM in each time period limiting the analysis
to those subjects with at least one FBG value in that period. An individual could be
in multiple windows. Unadjusted proportions of subjects meeting criteria for DM in
each time period were calculated, and a Cochran-Armitage trend test was employed
to investigate patterns over time. Predicted proportions of DM over time were
modeled separately for cases and controls using regression models. Additionally, in
each time period, logistic regression models were run to determine if PaC case status,
sex, age at index, parental history of DM, smoking status, or average BMI predicted
DM status.

4. What proportion of DM in cases and controls is new-onset? We analyzed all FBG
data to determine who met criteria for DM and in which time period. Each individual
was classified as either having DM or as being non-diabetic. We then classified the
DM as long-standing, new-onset and of uncertain duration, as described above.. A
chi-square statistic compared the proportions of cases and controls that 1) met criteria
for DM and 2) qualified as new-onset DM.

5. What is the duration of cancer-related symptoms in PaC? In PaC subjects we noted
median duration of cancer-related symptoms of abdominal pain, back pain, jaundice,
weight loss and anorexia. We also noted the duration of the first cancer-related
symptom.

RESULTS
The demographic and clinical characteristics of the 736 cases and 1875 controls with at least
one FBG value at MMC are provided in Table 1.

Prevalence of DM in Cases and Controls
At any time in the 60 month period before index, a greater proportion of PaC subjects met
criteria for DM compared to controls, (296/736 (40.2%) vs 360/1875 (19.2%), p<0.0001). The
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proportion of subjects who met criteria for DM without any clinical mention of DM was greater
in PaC cases versus non-PaC controls (107/1172 (9.1%) vs 136/2141 (6.4%), p=0.003).

Clinical Profile of Diabetic Subjects with and without PaC (Table 2)
Compared to controls with DM, cases with DM were more likely to be smokers (69.4% vs
60.6%, p=0.02), be younger (69.7 ± 9.7 vs 71.5 ± 10.1, p=0.02), have lower BMI at index (27.0
± 5.8 vs 29.5 ± 6.0, p=0.002), and experience greater weight loss (6.4 ± 8.3 Kg vs 1.1 ± 6.7, p
<0.0001). In the time period 36−60 months before index, cases and controls had similar BMI.

Temporal association between PaC and DM (Figure 1)
The proportions of cases and controls who met criteria for DM were similar in the −48 to −60
and −36 to −48 month time intervals. By contrast, the proportion of cases who met criteria for
DM was higher than that for controls in the time intervals −24 to −36, −12 to −24, and +1 to
−12 months. Factors which predicted DM status in each window were age, parental history of
DM, and BMI. PaC case status was significant only in the −12 to +1 time frame.

Proportion of DM that is new-onset (Figure 2)
Among diabetic cases and controls in whom duration of DM was known, DM was more likely
to be new-onset (within 24 months before index) in subjects with PaC compared to subjects
without PaC (52.3% vs 23.6%, p<0.0001).

Duration of symptoms in PaC
Duration of cancer symptoms was unknown in 28 (3%) of the 736 PaC subjects. Twenty three
patients were asymptomatic at the time of diagnosis of PaC (i.e., PaC was detected incidentally
either on imaging or at autopsy). In the symptomatic patients, the median duration of symptoms
in months was 2.75 (range 0.5−36) for weight loss, 2 (range 0.5−36) for abdominal pain, 2
(range 0.5−28) for back pain, 1.75 (range 0.5−18) for anorexia and 0.5 (0.5 −4) for jaundice.
The median time from onset of first cancer-related symptom to diagnosis of PaC was 2 months
(range 0.5 to 36 months).

DISCUSSION
Though there have been many epidemiologic studies of the association between PaC and DM
2, few have closely evaluated the relationship between new-onset DM and PaC. Many have
excluded PaC occurring within a year of diagnosis of PaC and not all have stratified the risk
based on duration of DM 2. This is the first epidemiologic study in which FBG values were
abstracted from medical records for 5 years preceding diagnosis of PaC and DM diagnosed if,
in that time period, they were either on anti-diabetic medications and/or met glycemic criteria
for DM (FBG ≥126 mg/dl). Using this approach we show that the prevalence of DM in PaC
(40%) is substantially higher than that reported in previous epidemiologic studies (5−20%)
and similar to the prevalence of DM in studies that have screened PaC subjects for DM using
FBG measurement 11, 12 or oral glucose tolerance test (OGTT) (45−64%) 13, 14. We also
show that the DM in over half the diabetic PaC patients is new-onset, i.e., ≤24 months prior to
cancer diagnosis. The findings provide strong epidemiologic evidence to support the notion
that if PaC-associated DM (PaCDM) can be distinguished from primary type 2 DM, older
subjects with new-onset DM may benefit from screening for asymptomatic PaC.

The best estimates of the prevalence of type 2 DM in the general population are available from
the National Health and Nutrition Examination Surveys (NHANES). In NHANES 1999−2000,
15% (CI 12.6−17.5) of 6,596 United States subjects ≥60 years reported a previous diagnosis
of DM by a physician or health care professional; an additional 4.2% had a fasting plasma
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glucose of ≥126 mg/dl. In our study, in which prior treatment of DM or an FBG of ≥126 mg/
dl was used to define DM, 19.2% of control subjects without PaC met criteria for DM, a figure
remarkably similar to the combined prevalence of diagnosed and undiagnosed DM in the
NHANES 1999−2000 study.

While the prevalence of DM in non-cancer subjects in our study remained stable throughout
the study period, for PaC subjects it was temporally associated with the diagnosis of cancer.
The prevalence of DM in PaC and non-cancer subjects was similar >36 months before index
date. However, a marked and continuous increase in prevalence of DM was seen from 24 to
36 months before diagnosis until the date of diagnosis of PaC. Eventually 40.2% of PaC met
criteria for DM compared to 19.2% of non-cancer subjects. The high prevalence of DM in PaC
in our study is very similar to the 46% prevalence of DM at diagnosis of PaC in an earlier study
of 130 PaC patients using the same criteria 12. In yet another study of 532 incident PaC studied
at diagnosis of cancer using the same criteria, 47% had DM 11. In small studies using OGTT
to diagnose DM in PaC, the reported prevalence is up to 64% 14, 15. Thus, when screened for
DM using FBG measurements or OGTT nearly half the patients with PaC have DM.
Remarkably the prevalence of DM in PaC is much higher than in other well known diabetogenic
states such as morbid obesity 16, polycystic ovarian syndrome 17 and pregnancy 18.

The reason for the low prevalence of DM (<20%) reported from studies using medical records
and self (or proxy) report to identify DM is that a high proportion of DM in PaC remains
undiagnosed. In the NHANES 1999−2000 study, ∼25% of type 2 DM in the general population
is undiagnosed. In our study, the proportion of subjects who were identified as having DM
based on FBG of ≥126 mg/dl but who did not have a clinical mention of DM was greater in
cases versus controls (107/1172 (9.1%) vs 136/2141 (6.3%), p =0.003). It is not surprising that
a greater proportion of PaC had undiagnosed DM. The time-interval between onset of type 2
DM and its clinical diagnosis is 4 to 7 years 19. In PaC the cancer becomes symptomatic before
the DM is diagnosed. Additionally, we found that in patients with symptomatic PaC, physicians
often do not record a new diagnosis of DM because the focus of medical attention is on the
newly diagnosed PaC and not on the newly elevated fasting glucose values.

A limitation of our study is that a significant proportion of cases was seen only once, close to
their date of PaC diagnosis and did not have prior FBG values in our institutional medical
records. While these cases contributed to the analyses of prevalence of DM in PaC, they were
uninformative in terms of understanding the temporal association of DM and PaC. However,
the results of our analyses of temporal trends were unchanged when we restricted our study to
cases that had been seen at least once ≥6 months prior to their PaC diagnosis, presumably when
they did not have cancer specific symptoms (data not shown).

The two published meta-analyses of the epidemiologic studies on the association between DM
and PaC 2, 20 have both found a positive but weak association between long-standing DM and
PaC; the OR for DM ≥4 years in the most recent meta-analysis was 1.5 (95% CI 1.3−1.8). In
our study the prevalence of DM in cases and controls was similar >36 months prior to PaC
diagnosis. Many previous studies 21-27 have also failed to observe a significant association
between DM and PaC after exclusion of cases in which DM was diagnosed 1−5 years before
PaC diagnosis. Thus, while a weak association may exist between long-standing DM and PaC,
it is likely to have limited clinical utility, both in terms of understanding the pathogenesis of
PaC or its early detection.

The very high prevalence of new-onset DM in PaC suggests that the incidence of PaC would
be higher in subjects with new-onset DM than in the general population. We have found in a
recent study that subjects with new-onset DM have an 8-fold higher likelihood of being
diagnosed with PaC within 3 years of meeting criteria for DM compared to the general
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population 3. Other investigators have screened subjects with new-onset DM with cancer-
related symptoms such as jaundice, abdominal pain, weight loss and increased levels of Ca 19
−9 for PaC 8, 9 and found a high prevalence of PaC (5.2 to 13.6%), but its resectability rate
was low. This is essentially because cancer-related symptoms occur shortly before the
diagnosis of PaC. In our study the median duration of symptoms prior to diagnosis of cancer
was only 2 months. This suggests that the strategy to use cancer-related symptoms as a means
to suspect PaC in new-onset DM is unlikely to detect resectable cancer 8, 9.

Since PaC patients seldom exhibit disease-specific symptoms until late in the course of the
disease, early detection of small tumors will require screening of asymptomatic subjects for
PaC. Screening for asymptomatic PaC is a challenge because of lack of a high-risk group and
lack of a biomarker of early PaC. Screening un-selected populations for asymptomatic PaC
will not be cost effective. For example, the age-adjusted incidence of PaC in subjects ≥50 years
of age is 38/100,00028. If a test with 99% sensitivity and 99% specificity for PaC is used to
screen 100,000 subjects ≥50 years of age, the test would identify nearly all PaCs in the
population screened (n=37); but the test would also falsely identify another 1000 subjects as
having PaC. Thus screening for asymptomatic PaC will require at least two “sieves” to enrich
the population to allow cost-effective screening 29. We believe that new-onset DM can serve
as the first sieve.

Our study shows that in many PaC patients, onset of DM occurs when they would have no
cancer-related symptoms. Thus new-onset DM is the only clue to the presence of asymptomatic
PaC. Previous authors have suggested that subjects with new-onset DM who are lean and/or
lack a family history of DM should be targeted for screening 7. When we compared the profile
of diabetic PaC subjects with controls to identify pre-morbid demographic indicators of
PaCDM, we found statistical but not clinically useful differences between the two groups in
BMI, proportion of subjects who were smokers or those with parental history of pancreatic
cancer. Therefore, we believe that the success of any strategy to use hyperglycemia and DM
to identify undiagnosed PaC will depend largely on our ability to differentiate PaCDM from
type 2 DM using a serologic marker.

Only a prospective study can determine the clinical validity of the observation that older
subjects with new-onset DM would benefit from further screening for PaC. However, since
prevalence of PaC in new-onset DM is <1%, a large number of subjects with new-onset DM
would have to be followed prospectively to have sufficient incident PaC cases in the study.
Screening for PaC in new-onset DM will become practical only if we can accurately distinguish
PaCDM from type 2 DM. To increase the prevalence of PaC in new-onset DM from 1% to
10%, a biomarker would have to have a specificity of 93% for PaCDM. Our hope is that the
mediator of DM in PaC will also serve as a marker to distinguish PaCDM from type 2 DM.

The very high prevalence of diabetes in PaC and its close temporal association with the
diagnosis of cancer provide strong epidemiologic evidence to support the notion that PaC
causes DM. Further support for this hypothesis is provided by small clinical studies in which
resection of the tumor has been shown to improve glucose tolerance and reverse the metabolic
defect 13, 30, 31. That PaCDM may be a paraneoplastic phenomenon caused by tumor secreted
products is also suggested by the experimental observations that PaC cell line supernatants are
metabolically active. They have been shown to induce glucose intolerance in SCID mice 32,
alter glucose metabolism in the liver 33 and skeletal muscle 34, 35 and cause selective amylin
secretion from ß islet cells 36. This provides hope that the mediator of PaCDM can be identified.

In summary, our study shows DM is present in a high proportion of patients with PaC and is
often of recent onset. Based on available evidence we believe that if the PaC-associated DM
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can be distinguished from type 2 DM, older subjects with new-onset DM would benefit from
further screening for PaC.
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Figure 1.
Observed and Predicted Prevalence of DM at 12-Month Intervals Prior to Index
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Figure 2.
Proportion of New-onset DM in Controls vs Cases
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Table 1
Characteristics of Subjects with at least one FBG

Cases (n=736) Controls (n=1875) p
Mean Age (yr ± SD) at index date 68.6 ± 11.3 68.7 ± 11.4 0.81
Mean fasting blood glucose (mg/dl ± SD) 126.5 ± 50.5 104.7 ± 31.1 <0.0001
Body Mass Index (kg/m2 ± SD)* 26.7 ± 5.4 27.3 ± 5.3 0.01
Gender: Male, n (%) 404 (54.9) 992 (52.9) 0.36
Smoking, n (%) <0.0001*
Never 242 (34.1) 799 (43.8)
Ever 467 (65.9) 1025 (56.2)
Unknown 27 51
Parental History of Diabetes, n (%) 0.96*
Positive 117 (17.4) 311 (17.5)
Negative 556 (82.6) 1469 (82.5)
Unknown 63 95
Parental History of Pancreas Cancer, n (%) 0.05*
Positive 17 (2.5) 24 (1.4)
Negative 652 (97.5) 1688 (98.6)
Unknown 67 163
*
Excluding subjects in whom history of exposure is unknown
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