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Abstract
Background/Aims—Despite the well recognized association between diabetes (DM) and
pancreatic cancer (PaC), little is known about DM associated with PaC (PaCDM). We compared the
prevalence and clinical characteristics of DM in subjects with and without PaC.

Methods—We prospectively recruited 512 newly-diagnosed PaC cases and 933 controls of similar
age, who completed detailed demographic and clinical questionnaires, and had fasting blood glucose
(FBG) measured at recruitment and after pancreaticoduodenectomy (n=105). Subjects with FBG≥
126 mg/dl or on anti-diabetic treatment were classified as having DM.

Results—DM was more prevalent (47% vs. 7%, p<0.001) and predominantly new-onset (<2 yr.
duration) (74% vs. 52%, p=0.002)among cases compared to controls. Among PaC cases, those with
DM (n=243) were older (68±10 vs. 64±12 yr., p<0.001), reported higher usual adult BMI (30±6 vs.
27±5 kg/m2, p<0.001), and a greater frequency of family history of DM (47% vs. 31 %, p<0.001)
compared to those without DM (n=269). Prevalence of DM in PaC did not differ by tumor stage or
site (head vs. body/tail). Median survival was similar in PaC with and without DM. Among diabetic
PaC patients who underwent pancreaticoduodenectomy, DM resolved in 17/30 (57%) new-onset
diabetics, while DM prevalence was unchanged in long-standing diabetics (n=11) (p=0.009).

Conclusions—PaC is a powerful diabetogenic state nearly half the patients have DM, which is
frequently new-onset and often resolves with tumor resection. PaCDM is associated with
conventional risk factors for DM such as obesity and family history. New-onset DM in PaC is likely
induced by the tumor.

Introduction
It is estimated that approximately 37,000 individuals were diagnosed with pancreatic cancer
(PaC) in the United States (US) in 2007 and it remains the fourth leading cause of cancer death.
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Since development of disease-specific symptoms in PaC usually signifies advanced disease,
most newly-diagnosed PaC patients have unresectable disease. Further insight into clinical
conditions such as diabetes mellitus (DM) that have been reported to be associated with PaC
may offer avenues for developing screening strategies for the early detection of this cancer.

The complex relationship between DM and PaC has long been recognized. A recent meta-
analysis of epidemiologic studies of the association between DM and PaC reported a combined
age- and sex-adjusted odds ratio (OR) of 1.82[95% confidence interval (95% CI) 1.66,1.89]
for PaC among patients with DM. When stratified according to duration, DM of ≤4 years
duration was associated with a 50% greater risk of PaC, compared to DM of ≥5 years duration
(OR 2.1 vs. 1.5 p= 0.005). We and others have reported that subjects with new-onset DM have
a significantly increased likelihood of diagnosis of PaC within 2-3 years of meeting criteria
for DM 4–6.

The prevalence of DM in PaC varies considerably in the published literature, from 4% to 64%,
depending on the methodology used to identify patients with DM and criteria used to diagnose
DM 7. In most studies, patients were identified as having DM if the diagnosis was documented
or coded in the medical record or if the patient or proxy reported previous diagnosis of DM.
Very few studies have directly screened PaC patients for DM with either oral glucose tolerance
tests using World Health Organization criteria or fasting blood glucose (FBG) using American
Diabetes Association criteria. In the absence of accurate estimates of the prevalence of DM in
PaC, less is known about the prevalence of new-onset DM in PaC. In a previous study we noted
that in 88% of patients with PaC and DM, the DM was <2 years in duration. Based on this
observation, we defined new-onset DM in this study as DM reported to be of <2 years duration.
In the present study we utilized a large, prospectively collected series of subjects with and
without PaC, who not only self-reported previous treatment and duration of DM but also had
FBG measured at recruitment. This enabled us to accurately estimate the prevalence of
previously diagnosed or treated DM as well as identify those with previously undiagnosed and/
or untreated DM.

There is growing evidence that PaC causes diabetes. This notion is supported by the fact that
not only is there a very high prevalence of DM in PaC1,2 but also a close temporal relationship
between the onset of DM and the diagnosis of PaC,11, 12. In a recent study we showed that
onset of DM in PaC may be up to 18–24 months before diagnosis of cancer, suggesting that
new-onset DM may be the only clue to the presence of asymptomatic sporadic PaC. However,
the success of the strategy to use hyperglycemia as a screening tool to identify subjects with a
high likelihood of having asymptomatic PaC will depend largely on our ability to differentiate
PaC-associated DM (PaCDM) from the more common type 2 DM. Some authors have
suggested that PaC should be suspected in patients with new-onset DM who are lean and do
not have family history of DM, i.e., in patients with new-onset DM without the conventional
risk factors for type 2 DM 1. In our study we compared cases and controls to determine if there
were any clinical clues that distinguish PaCDM from type 2 DM.

The pathogenesis of new-onset PaCDM remains unknown. One possible explanation for the
high prevalence of DM in PaC is that the DM is simply a consequence of glandular destruction
by the tumor and therefore, a late manifestation of the cancer. If so, one would expect that
compared to PaC subjects without diabetes, PaC subjects with diabetes would have larger
tumors, have more advanced stage PaC and be more likely to be in the islet-rich body and tail
of the pancreas. We therefore compared mean tumor size among patients with and without DM
in the subset of patients who underwent pancreaticoduodenectomy, compared the prevalence
of DM in early stage (stage I and II) versus late stage PaC (Stage III/IV), and compared the
prevalence of DM in tumors located in head of the gland versus those in the body and tail.
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Another hypothesis to explain the development of new-onset DM in PaC is that DM is induced
by PaC through tumor-secreted products. The resolution of diabetes and improvement in
glucose tolerance after resection of the tumor3,4 in two small studies supports this hypothesis.
However, it is unclear if the reported improvement in post-operative glucose tolerance in
PaCDM patients3,4 could be attributed largely to post-operative weight loss due to sub-total
pancreatectomy, which, on average, is ~8% of body weight 5. In our series, 105 PaC patients
had pancreaticoduodenectomy and had pre- and post-operative FBG measurements. In this
subset, we determined if FBG values and DM prevalence improved after cancer resection. In
order to evaluate the effect of weight loss on glycemic status, we compared reported pre-and
post- operative weight loss in diabetic PaC patients who underwent pancreaticoduodenectomy
with the premise that if the degree of weight loss is similar, changes in glycemic status are
likely attributable to resection of the tumor.

Patients and Methods
The study was approved by the Mayo Foundation Institutional Review Board (IRB). The
analyses in this study were performed on data entered into a prospectively collected database
of PaC cases and controls of similar age maintained by the Mayo Clinic Pancreas Cancer
Specialized Program of Research Excellence (SPORE) (P50 CA102701).

Mayo Clinic Pancreas Cancer SPORE Patient Registry
In an ongoing study, PaC patients seen at Mayo Clinics in Rochester, Minnesota and
Jacksonville, Florida are recruited to the Registry at the time of their first visit or later by mail
if clinic contact was not possible (approximately 20%). Control subjects without a prior history
of cancer (except non-melanoma skin cancer) visiting Mayo Clinic for a general medical exam
in the Department of Internal Medicine are approached for participation in the Registry.
Recruitment of controls is frequency- matched to cases by five-year age groups. In addition,
cases and controls are required to speak English, be 18 years or older, and be able to give
informed consent. At the time of this analysis, the majority of the PaC cases (60%) and all
controls were residents of the five-state region surrounding Mayo Clinic (Minnesota, Iowa,
Wisconsin, North Dakota, and South Dakota). Participation rates were 68% among cases and
70% for controls.

Questionnaire
Cases and controls were requested to self-complete a detailed questionnaire that collected
information on known and suspected pancreatic cancer risk factors and demographic data
including race/ethnicity, usual adult height and weight, use of tobacco, alcohol intake,
education level, and history of DM in first-degree relatives. We also inquired about existing
medical conditions including DM, duration of these medical problems, and current
medications. The database also includes details of weight measured at the time of recruitment
and the body mass index (BMI), calculated as weight (kg)/height 2 (m2). In subjects with PaC,
additional details about the PaC are entered, including histology, stage, and treatment received.
Patients’ vital status is periodically updated by the Registry.

Cases and controls also had FBG measured on the first day of the visit as part of routine clinical
care. Patients were given instructions to remain fasting from midnight before the day of FBG
measurement. FBG values were retrieved electronically from the Mayo Clinic Laboratory
Information System database. Among PaC patients who underwent surgical resection, the first
post-operative FBG value and weight after discharge from hospital were abstracted from the
electronic medical record. To assess long-term DM status, we reviewed the medical records
of this subset of patients and noted DM status and the length of follow up that was available.
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For this study, only cases and controls who consented to be enrolled in the Registry, filled out
the questionnaire, and had a FBG value measured were included. PaC cases included in the
study had histologically confirmed pancreatic ductal adenocarcinoma and were recruited
before they had surgery or received chemotherapy. PaC was staged according to the staging
system proposed by the American Joint Committee on Cancer (AJCC).

Patients receiving prescription anti-diabetic medications for previously diagnosed DM were
classified as having DM regardless of their FBG value. Among patients not reporting treatment
for DM, classification of DM status was based on the American Diabetes Association criteria
patients were classified as having DM if the FBG was ≥126 mg/dl (7 mmol/L), as impaired
fasting glucose (IFG) if their FBG value was between 100–125 mg/dl (5.6–6.9 mmol/L) and
as normal fasting glucose (NFG) if their FBG value was ≤99 mg/dl (5.5 mmol/L).

Statistical Analyses
Cases and controls who completed the questionnaire and had FBG measurement within 30
days of diagnosis (cases) or recruitment (controls) were included in the final analyses. Data
are presented as mean± SD and as percentages. Univariate analyses were conducted using the
chi-squared test. Paired t-test was used to compare pre-and post-operative mean FBG values
in the various glycemic groups and the Fisher exact test was used to evaluate long-term DM
status. We used multivariate logistic regression modeling to assess the relationship between
DM and PaC and results are presented as odds ratios and 95% confidence intervals. A p-value
of 0.05 was considered statistically significant. Statistical analyses were performed using SAS
V9.1 (SAS Institute, Inc. Cary, NC).

Results
Among patients recruited prospectively to the registry, 512 PaC patients and 933 controls who
gave consent for study, completed a demographic and clinical questionnaire, and had FBG
measurement within 30 days of diagnosis (cases) or recruitment (controls) were included in
the study.

Comparison of PaC Cases and Controls
Mean age was similar in cases and controls (66±11 vs. 66±11 yr, p=0.6) (table 1) and the racial/
ethnic composition of both groups was predominantly Caucasian. Compared to controls, PaC
subjects were more likely to be smokers (59% vs. 46%, p<0.001) and have a family history of
DM (39% vs. 33%, p=0.04). Usual adult BMI was greater among cases than controls (28±5
vs. 27±5 kg/m2, p<0.001) but BMI at the time of recruitment into the study was significantly
lower in cases (25±5 vs. 28±5 kg/m2, p<.001). Nearly two-thirds of PaC cases had lost more
than 4.5 kg (10 lbs) preceding the diagnosis of PaC as compared to 7% of controls (p<0.001).

Tumor characteristics
The mean tumor diameter in the entire PaC sample was 35.3±22.5 mm majority of the tumors
were moderately-differentiated (grade 2, 12%) or poorly-differentiated (grade 3, 44%). PaC
was stage I/II in 232 patients (45%), stage III/IV in 278 patients (54%), and information on
stage was missing in 2 patients. In the subset of patients who underwent
pancreaticoduodenectomy (n=105), the mean tumor diameter was 32.8±12.6 mm and 71% of
tumors were poorly differentiated (grade 3). Among diabetic PaC subjects who underwent
pancreaticoduodenectomy, the mean tumor diameter was 33.5±10.0 mm and tumors were also
predominantly grade 3 (76%).
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Comparison of DM in PaC Cases and Controls
Patients were classified as diabetic if they had FBG≥126 mg/dl or reported being on anti-
diabetic treatment 213 of 512 PaC cases (41.6%) had FBG≥126 mg/dl as compared to 53/933
(5.7%) of controls (p<0.001) (Table 1). An additional 30 PaC cases (5.9%) and 14 controls
(1.5%) were classified as diabetic as they were on antidiabetic treatment even though their
FBG was ≤126 mg/dl. Thus the overall prevalence of DM (reported treatment for DM and/or
FBG≥126) was higher in cases compared to controls (47.4% vs. 7.2%, p<0.001) (Figure 1).
Impaired fasting glucose (FBG 100–125 mg/dl) was present in 197 (38%) cases and 314 (34%)
of controls (p=0.06). Overall, only 14% of PaC patients had normal FBG as compared to 59%
of controls (p<0.001).

Among diabetic subjects, the DM was new-onset (< 2 yr duration) in a higher proportion of
cases compared to controls (177/240 (74%)vs. 33/62 (53%), p<0.001). PaC cases with DM, as
compared to controls with DM, were of similar age (68±10 vs. 69±8 yr., p=0.5) and gender
distribution (% male: 61% vs. 63%, p=0.8), and did not differ significantly in terms of self-
reported usual adult BMI (30±6 vs. 31±4 kg/m2) and family history of DM (47% vs. 60%,
p=0.1). PaCDM patients tended to have higher FBG values compared to controls with DM
47% of PaCDM subjects had FBG≥160 mg/dl compared to 26% of diabetic controls (p<0.001).

In univariate analysis, PaC cases were five times more likely to have impaired fasting glucose
(95% confidence interval [CI] 3.4, 6.0) and 26 times more likely to be diabetic compared to
controls (95% CI 17.6, 37.1). In multivariate analyses, diabetes was 14 times more likely in
PaC patients as compared to controls (95% CI 8.7, 21.5), after controlling for age, gender,
BMI, family history of DM, smoking history, and weight loss of 2.3 kg (5lbs) or greater.

Comparison of PaC cases with and without DM
PaC cases with DM (n=243) were slightly older (68±10 vs. 64±12 yr, p<.001) and more likely
to be male as compared to PaC cases without DM (n=269) (table 2). Diabetic PaC cases were
also more likely to have a family history of DM compared to PaC patients without DM (47%
vs. 31 %, p<0.001). The mean usual adult BMI was higher in PaC with DM vs. PaC without
DM (30±6 vs. 27±5 kg/m2, p<.001) and diabetic PaC cases were more likely to have weight
loss of >4.5 kg (10 lbs) compared to PaC patients without DM (72% vs. 57%, p<.001). There
was no difference in the smoking status between the two groups. The prevalence of DM was
not significantly associated with tumor location (% head: 72% vs. 66%, p=0.2) or tumor stage
(stage I/II: 47% vs. Stage III/IV 43%, p=0.2). Median survival was also not significantly
different in PaC with and without DM (259 vs. 270 days, p=0.9).

Effect of pancreaticoduodenectomy on glycemic status in resectable PaC
Of 512 PaC cases in our series, 105 (21%) patients underwent pancreaticoduodenectomy, and
14 (3%) patients had a distal pancreatectomy for resectable PaC. Forty two of 105 (40%)
patients who underwent pancreaticoduodenectomy were diabetic, 48 (46%) had IFG, and 15
(14%) had NFG. Among 41 diabetic PaC patients undergoing pancreaticoduodenectomy on
whom data on duration of DM was available, 30 (73%) had new-onset DM and 11 (27%) had
long-standing DM. Reported pre-operative weight loss preceding PaC diagnosis was similar
to post-operative weight loss among patients with DM (8.8±6.1% vs. 7.9±5.2%, p=0.7), IFG
(7.3±16.1% vs. 7.4±6.9%, p=0.05), and NFG (5.4±4.7 vs. 5.2±8.2%, p=0.9). Overall, among
diabetic PaC patients who underwent pancreaticoduodenectomy, mean FBG decreased from
175±48 mg/dl pre-operatively to 120±32 mg/dl post-operatively (p<0.001) at a median
duration of 48 days (range 30–676 days) after surgery. Among new-onset diabetics (n=30),
mean FBG decreased from 174.2±49.0 mg/dl to 110.5±19.1 mg/dl (p<0.001). There was no
significant difference in the pre-and post-operative mean FBG values among those with long-
standing DM (175.5±49.3 vs. 145.8±44.3 mg/dl, p=0.1), IFG (111.2±7.3 vs. 108.0±15.6 mg/
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dl, p=0.15), and NFG (94.3±5.1 vs. 98.7±10.2 mg/dl, p=0.2). Seventeen of 30 (57%) PaC
patients with new-onset diabetes who underwent pancreaticoduodenectomy no longer met
criteria for DM postoperatively in contrast all 11 long-standing diabetics remained diabetic
postoperatively (p=0.009) (figure 2). In long-term follow up (median duration of follow up:
237 days, range 30–1798 days), 16 of 30 (53%) subjects in the new-onset DM group continued
to remain non-diabetic while among long-standing diabetics only 1 of 11 patients (9%) became
non-diabetic (p=0.01).

Discussion
Despite the well known association between DM and PaC, the DM associated with PaC
(PaCDM) has received little attention in literature. In a prospective study of 512 cases and 933
controls, we found that nearly half of PaC patients met criteria for DM, which was frequently
new-onset (<2 yr. duration). Further, DM in PaC was associated with conventional risk factors
for type 2 DM such as age, BMI, and family history of DM but not with tumor stage (Stage I/
II vs. III/IV) or location (head vs. body/tail). Strikingly, nearly 60% of PaC patients with new-
onset DM who underwent pancreaticoduodenectomy had resolution of their DM following
tumor resection. These data suggest that new-onset DM in PaC is likely induced by the tumor
which is not likely to be explained simply by tumor-induced gland destruction.

The reported prevalence of DM in PaC varies from 4%–64% depending on the methods used
to identify subjects with DM and the criteria used for the diagnosis of DM 7, 13, 17, 18.
Epidemiologic studies have generally used self-report or review of medical records or death
certificates to identify physician-diagnosed DM. The prevalence of DM in PaC in these studies
is in the range of 4–23% 19–22. On the other hand, a few small studies that have screened PaC
subjects for DM using oral glucose tolerance tests and used the World Health Organization
(WHO) criteria for the diagnosis of DM report 45%–65% prevalence of DM in PaC6,7.

In the present study we used the American Diabetes Association criterion of FBG≥126 mg/dl
to diagnose DM. In addition, a small minority of subjects were also classified as having DM
with a FBG<126 if they reported being on treatment for DM at the time of recruitment. Using
these criteria, we found that 47% of PaC subjects met criteria for DM this figure is remarkably
similar to the 46% prevalence of DM in PaC reported by us in a previous study of 130 patients
where we used identical criteria to define DM in a different cohort of newly diagnosed PaC
patients 2. 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 severe obesity 8, polycystic ovarian syndrome
24, and pregnancy 9.

In our study, majority (75%) of DM in PaC was new-onset (<2 yr duration). It is well recognized
that PaC is associated with recent diagnosis of DM. Also, epidemiologic studies that have
examined the relationship between DM and PaC report a stronger association with new-onset
DM compared to long-standing DM. However, the magnitude of this association is likely
underestimated in these studies as most new-onset DM remains undiagnosed. As DM is a
chronic disease, the longer it is present, the more likely it is to be clinically recognized. If the
duration of DM in PaC patients is short, the proportion with previously undiagnosed DM is
likely much higher in PaC than in the general population. This probably accounts for the lower
reported prevalence of DM in PaC in studies relying on information in the medical record.

We have previously noted that approximately 1% of diabetic subjects aged ≥ 50 years will be
diagnosed with PaC within 3 years of first meeting criteria for DM 10. Identifying clinical
characteristics that point to DM associated with PaC rather than type 2 DM would enable us
to differentiate subjects with new-onset DM who are more likely to have PaC. Others have
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suggested that lean, new-onset DM subjects who lack a family history of DM may be candidates
for PaC screening 1. However, in our study, PaC patients with DM had a significantly higher
BMI prior to onset of symptoms compared to the usual adult BMI in controls, findings which
are in concert with our previous report 2. In our experience, a PaC patient with DM who is lean
has generally lost considerable weight in the months preceding cancer diagnosis. We also noted
that approximately a third of PaCDM patients had a family history of DM, which is similar to
that reported by Gullo et al previously 11. Thus, prior to the onset of symptoms, the clinical
profile of the PaCDM is not very different from that of the type 2 DM patient and does not
help distinguish between the two forms of DM.

The remarkably high prevalence of DM in PaC and its close temporal association with the
diagnosis of cancer noted in the present study and previous reports”6,7 suggests that DM is
likely a consequence of the cancer. This is unlikely to be simply due to destruction of the gland
by the tumor or due to obstructive chronic pancreatitis induced by the tumor. This is supported
by the findings of our study that prevalence of DM in PaC was not affected by tumor stage or
location and the observation that the mean tumor diameter in PaC patients with DM was similar
to PaC patients without DM. Furthermore, insulin and C-peptide levels in PaC, especially in
those with DM have been reported to be higher than in healthy controls26, 27, which reflect
the presence of insulin resistance in PaC. If pancreatic destruction and resultant decrease in
beta cell mass was the cause of PaCDM, one would have expected low levels of C-peptide and
insulin, as are seen in diabetes associated with chronic pancreatitis28, 29.

Further support for the hypothesis that DM in PaC is caused not so much by local effects of
tumor infiltration, as by remote effects impairing glucose metabolism is provided by the
findings of our study that there was a significant decrease in FBG levels and resolution of DM
after resection of PaC in patients with new-onset DM. Various factors, including post-operative
weight loss and extent of pancreatic resection, likely influence the eventual glycemic status of
the patient following major surgery such as pancreaticoduodenectomy. In our study, diabetic
PaC patients lost an equal amount of weight in the months preceding the diagnosis of PaC as
they did after the operation. Prior to surgery, patients became newly diabetic or their pre-
existing DM worsened, even as they lost nearly 8% of their body weight. Following cancer
resection the DM improved or resolved in those with new-onset DM despite a similar amount
of weight loss to what they had experienced pre-operatively. In our study, FBG measurement
at a median of 48 days (range 30–676 days) post-operatively was used to assess DM status. In
addition, the resolution of DM in the majority of patients with new-onset DM persisted in long-
term follow up while nearly all patients with long-standing DM continued to remain diabetic.
Our findings are in concert with those of Permert et al3 and Fogar et al4 and confirm their
reports in a larger sample of patients.

Experimental observations that PaC cell line supernatants are metabolically active provide
further support for the hypothesis that PaCDM is caused by tumor-secreted products.
Supernatants from PaC cell lines have been shown to induce glucose intolerance in SCID mice
12, alter glucose metabolism in the liver 13 and skeletal muscle 32, 33, and cause inhibition
of insulin from beta cells in vitro34, 35. The report by Basso et al. 14 that a peptide (MW2030)
may be a putative diabetogenic factor in PaC suggests that a serologic marker of diabetes
induced by pancreatic cancer may be identified in the near future.

One of the limitations of our study is that certain DM characteristics such as duration and
treatment, family history, and risk factors such as usual adult BMI, weight loss, and smoking
status were self-reported. However, information was collected from cases and controls in a
similar manner and the prevalence of DM was objectively assessed. Differential
misclassification of DM duration in the present study is unlikely to be substantial given that
the vast majority of DM in PaC was new-onset and DM of recent onset resolved in a majority
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of patients following surgery. In addition, the results of the present study are similar to our
previous report where we used similar criteria in a different sample of patients.

In conclusion, our study reveals that nearly half of newly-diagnosed PaC patients have DM
74% of DM in PaC is new-onset (<2 yr.). We have also shown that tumor characteristics do
not affect the prevalence of DM. Resection of cancer leads to amelio ratio nor resolution of
DM in a majority of diabetic PaC patients with new-onset DM. Our results suggest that DM
in PaC is likely a consequence of the cancer. Future identification of a specific mediator of this
DM may facilitate screening in new-onset DM.
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Figure 1.
Distribution of fasting blood glucose among pancreatic cancer cases (n=512) and controls
(n=933), p<.001
FBG Fasting blood glucose
Normal fasting glucose (NFG) [≤99mg/dl (5.5 mmol/L)], Impaired fasting glucose (IFG) [100–
125 mg/dl (5.6–6.9)], Diabetes mellitus (DM) [≥126mg/dl (7 mmol/L)]
To convert FBG values from mg/dl to mmol/L, multiply by 0.055.
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Figure 2.
Diabetes mellitus (DM) prevalence after pancreaticoduodenectomy for pancreatic cancer
(PaC)
New-onset DM (<2 yr duration) Long-standing DM (>2 yr duration)
Normal fasting glucose (NFG) [≤99mg/dl (5.5 mmol/L)], Impaired fasting glucose (IFG) [100–
125 mg/dl (5.6–6.9)], Diabetes mellitus (DM) [≥126mg/dl (7 mmol/L)]
To convert FBG values from mg/dl to mmol/L, multiply by 0.055.
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Table 1
Demographic characteristics and features of diabetes among pancreatic cancer cases and controls.

Cases Controls
Variable (N=512) (N=933) p-value

Demographic Characteristics
 Age (y), mean* 66±11 66±11 0.60
 Male gender, n (%) 294 (57%) 436 (43%) <.001
 Present BMI* 25±5 28±5 <.001
 Usual adult BMI* 28±5 27±5 <.001
 Weight loss > 4.5 kg (10 lbs), n (%) 317 (64%) 58 (7%) <.001
 Smoking, n (%) 302 (59%) 413 (46%) <.001
Diabetes Features
 Family history of DM#, n (%) 198 (39%) 297 (33%) 0.04
 Current DM treatment, n (%) 125 (24%) 43 (5%) <.001
 DM treatment or FBG≥126, n(%) <.001
  Yes 243 (47%) 67 (7%)
  No 269 (53%) 866 (93%)
  Proportion of new-onset DM (<2y) 177/243 (74%) 33/67 (53%) 0.002

*
± values represent SD.

#
DM in first-degree relative DM Diabetes mellitus, FBG fasting blood glucose, BMI body mass index (kg/m2)
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Table 2
Characteristics of pancreatic cancer (PaC) patients with and without DM

Pancreatic cancer

Characteristic DM (n=243)* No DM (n=269) p-value

Age (y), mean** 68±10 64±12 <.001
Male sex n (%) 148 (61%) 146 (54%) 0.13
Family history of DM# n (%) 115 (47%) 83 (31%) <.001
Weight loss (kg), mean 13±10 10±8 <.001
Premorbid BMI 30±6 27±5 <.001
BMI at diagnosis 26±5 25±5 0.005

*
DM Diabetes Mellitus

**
± signs represent SD

#
DM in first-degree relative

BMI, body mass index (kg/m2)
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