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Abstract To characterize the clinical signature and eti-

opathogenetic factors of diabetes associated with pancreas

disease [type 3 diabetes mellitus (T3cDM)]. To estimate

incidence and identify predictors of both diabetes onset and

remission after pancreatic surgery. A prospective obser-

vational study was conducted. From January 2008 to

December 2012, patients (n = 651) with new diagnosis of

pancreatic disease admitted to the Pancreatic Surgery Unit

of the San Raffaele Scientific Institute were evaluated.

Hospital and/or outpatient medical records were reviewed.

Blood biochemical values including fasting blood glucose,

insulin and/or C-peptide, glycosylated hemoglobin and

anti-islet antibodies were determined. Diabetes onset was

assessed after surgery and during follow-up. At baseline,

the prevalence of diabetes was 38 % (age of onset

64 ± 11 years). In most cases, diabetes occurred within

48 months from pancreatic disease diagnosis. Among dif-

ferent pancreatic diseases, minor differences were observed

in diabetes characteristics, with the exception of the prev-

alence. Diabetes appeared associated with classical risk

factors for type 2 diabetes (i.e., age, sex, family history of

diabetes and body mass index), and both beta-cell dys-

function and insulin resistance appeared relevant determi-

nants. The prevalence of adult-onset autoimmune diabetes

was as previously reported within type 2 diabetes. Within a

few days after surgery, either diabetes remission or new-

onset diabetes was observed. In patients with pancreatic

cancer, no difference in diabetes remission was observed

after palliative or resective surgery. Classical risk factors

for type 2 diabetes were associated with the onset of dia-

betes after surgery. T3cDM appeared as a heterogeneous

entity strongly overlapped with type 2 diabetes.

Keywords Type 3 diabetes mellitus � Human � Pancreatic

ductal carcinoma � Pancreatic resection
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eGFR Estimation of glomerular filtration rate

FPG Fasting plasma glucose

GADA Autoantibodies to glutamic acid decarboxylase
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IA-2A Autoantibodies to insulinoma-associated protein 2
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IFG Impaired fasting glucose

NFG Normal fasting glucose

PD Pancreaticoduodenectomy
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PET Pancreatic neuroendocrine tumor

T3cDM Type 3 diabetes mellitus

ZnT8A Autoantibodies to zinc transporter 8 antigen

Introduction

Pancreatogenic, pancreoprive or apancreatic diabetes mel-

litus is classified as a subtype of secondary or type 3 dia-

betes mellitus (T3cDM) [1] and accounts for 5–10 % of

patients with diabetes in Western countries [2]. Survival of

patients with pancreatic disease has been increasing [3–6],

and T3cDM is expected to consume relevant healthcare

resources in the near future. Most previous epidemiological

studies on T3cDM have important limitations, including:

(1) retrospective design; (2) use of proxy or self-reported

information instead of fasting glucose to identify persons

with diabetes; (3) lack of information on insulin resistance

and/or islet autoimmunity at diagnosis; (4) lack of medical

history and/or relevant clinical information; or (5) exclu-

sion of patients with pancreatic disease other than ductal

pancreatic cancer and/or chronic pancreatitis. To overcome

these limitations, we conducted a prospective observational

study to describe the clinical features, risk factors and

etiopathogenetic aspects of patients with T3cDM. Fur-

thermore, we investigated the incidence and predictors of

both diabetes onset and remission after pancreatic surgery.

Materials and methods

Eligible patients

From January 2008 to December 2012, all adult (age

C18 years) patients admitted to the Pancreatic Surgical

Unit of Scientific Institute San Raffaele (Milan, Italy) were

invited to participate to this study. All participants pro-

vided a written informed consent and local IRB approved

the study.

Blood biochemistry during hospitalization

Fasting blood samples were obtained during the preoper-

ative work-up [upon or just before hospital admission,

median 6 days (1–14) before surgery] and prior to hospital

discharge [median 8 (6–12) days after surgery]. Baseline

hemoglobin A1c (HbA1c; Bio-Rad Variant II HbA1C ana-

lyzer; Bio-Rad Laboratories, Munich, Germany), baseline

and discharge fasting plasma glucose (FPG; glucose-oxi-

dase method, Advia 2400; Siemens Diagnostics, Deerfield,

IL) and baseline and discharge serum creatinine (kinetic

alkaline picrate method, Advia 2400) were measured in all

patients. Serum insulin (AIA-PACK IRI; Tosoh, Tokyo,

Japan) was measured upon admission and prior to hospital

discharge in 526 and 206 out of 651 patients, respectively.

C-peptide (AIA-PACK C-Peptide; Tosoh) was measured

at baseline and prior to hospital discharge in 249 and 124

out of 651 patients, respectively. Autoantibodies to glu-

tamic acid decarboxylase (GADA), insulinoma-associated

protein 2 (IA-2A), insulin (IAA) and zinc transporter 8

antigen (ZnT8A) were measured in 531 out of 651

patients by radiobinding and immunoprecipitation assays

as previously described [7]. Insulin resistance and b-cell

function were estimated using the HOMA2 model

(available from www.OCDEM.ox.ac.uk) following rec-

ommendations for its appropriate use [8]. Estimation of

glomerular filtration rate (eGFR) was calculated using the

simplified modification of diet in renal disease (MDRD)

formula [9].

Definition of diabetes and diabetes duration

Study participants were defined as having diabetes if they

had at least one fasting plasma glucose (FPG) C 7.0 mmol/l

or HbA1c C 6.5 % (48 mmol/mol) or they were taking

diabetes medications. At admission, participants were

classified as having: (a) long-duration diabetes if they had a

documented diagnosis of diabetes for C48 months (i.e., a

time period during which an existing pancreatic disease

would likely become manifest [10]); (b) short-duration

diabetes if they had a documented diagnosis of diabetes for

\48 months; (c) previously undiagnosed diabetes if par-

ticipants were diagnosed with diabetes at the time of the

diagnosis of pancreatic disease; (d) diabetes of uncertain

duration if participants had a documented diagnosis of

diabetes prior to the diagnosis of pancreatic disease but

disease duration was unknown. We then defined recent-

onset diabetes as the combination of short-duration and

previously unknown diabetes. Study participants with a

FPG between 5.6 and 6.9 mmol/l were classified as having

impaired fasting glucose (IFG). Study participants having

FPG \ 5.6 mmol/l were classified as having normal fasting

glucose (NFG). After surgery and during follow-up, par-

ticipants were classified as having: (a) new-onset diabetes

if a documented diagnosis of diabetes was made after

surgery; (b) reverted diabetes if patients had a documented

diagnosis of diabetes prior to surgery, but blood glucose

returned to normal after surgery with no need for diabetes

medication.

Statistical analysis

Variables are summarized as mean ± standard deviation

(SD) or median and interquartile range (IQR), according to

their distribution. Variables were compared with one-way

unpaired or paired Student’s t test, one-way ANOVA,
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Table 1 Patients characteristics by glucose tolerance

Diabetes (n = 249) IFG (n = 117) NFG (n = 285)

Sex (F/M) 99/150 53/64 153/132 0.005

Age 68.3 ± 9 65.4 ± 11 60.2 ± 14 \0.001a

BMI

Admission 24.7 ± 4.2 24.3 ± 3.4 34.5 ± 4.2 0.4

Usual 26.6 ± 4.4 25.2 ± 3.1 25.5 ± 4.3 0.013b

Previous year weight loss (kg) 4 (2–9) 2.5 (0–5) 2 (0–7) 0.001b

Creatinine (mcmol/l) 79.5 ± 59 76.5 ± 26 67.4 ± 18 0.002c

eGFR (mL/min/1.73 m2) 93.3 ± 31 91.6 ± 28 102 ± 29 \0.001a

Family history of DM (%) 42.6 22.2 25.6 \0.001

FPG (mg/dl) 144 ± 56 108 ± 6 84 ± 13 \0.0001a,b

HbA1C (% and mmol/mol) 7.2 (55) ± 1.5 5.7(39) ± 0.51 5.5(37) ± 0.56 \0.0001b

Fasting insulin (pmol/l) 54.8 (30.5–88.7) 50.7 (38.5–77.1) 46.2 (32.6–69.4) 0.001a

Fasting C-peptide (nmol/l) 0.68 (0.4–1.03) 0.7 (0.55–1.2) 0.63 (0.49–0.9) 0.12

Autoimmunity (%)

0 Ab 80.2 92 91.9 0.002

1 Ab 17.4 8 7.6

[ 1 Ab 2.4 0 0.4

GADA? [% (U/ml)] 5.8 (18) 4.5 (9.2) 3.4 (42) 0.48

IA-2A? [% (U/ml)] 1.5 (13) 0 0.9 (11.7) 0.48

IAA? [% (U/ml)] 15 (38) 3.4 (10) 4.2 (7.3) \0.001

ZnT8A? [% (U/ml)] 2.1 (6) 1.5 (29) 1.1 (35) 0.78

Diagnosis [N (%)]

Neoplasm malignant 203 (81.5) 90 (76.9) 176 (61.8) \0.001

Neoplasm benign, borderline 29 (11.6) 21 (17.9) 85 (29.8)

No neoplasm 17 (6.8) 6 (5.1) 24 (8.4)

Diagnosis [N (%)]

Ductal carcinomas 175 (70.3) 65 (56) 125 (44) \0.001

Neuroendocrine tumors 13 (5.2) 13 (11.1) 50 (17.5) \0.001

Periampullary tumors 23 (9.2) 16 (13.7) 28 (9.8) 0.40

Cystic neoplasm 16 (6.4) 10 (8.5) 40 (14) 0.012

Chronic pancreatitis 11 (4.4) 3 (2.6) 16 (5.6) 0.4

Metastasis from other tumor 5 (2) 4 (3.4) 13 (4.6) 0.26

Pancreatic pseudocyst 2 (0.8) 3(2.6) 4(1.4) 0.4

Other tumors 0 (0) 2(1.7) 6 (2.1) 0.07

Other nonneoplastic disease 4 (1.6) 0 (0) 4 (1.4) 0.40

Comorbidities (%)

Hypertension 56.5 50.5 38.5 0.001

Hyperlipidemia 20.5 12.4 13 0.068

Cardiovascular 33.8 19.2 13.9 \0.001

Myocardial ischemia 21 12.1 6.1 0.001

Valvulopathy 4.6 2 2.2

Cerebral vascular disease 2.1 3 2.2

Carotid vascular disease 4.1 1 1.7

Peripheral vascular disease 2.1 1 1.7

Nonpancreatic malignant disease 19.5 21.2 17.2 0.66

Hepatic 6.8 5.2 3.9 0.4

Chronic HCV hepatopathy 3.7 5.2 2.2 0.278

Chronic HBV hepatopathy 2.1 0 1.7
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Wilcoxon signed-rank test, Mann–Whitney U test, Krus-

kal–Wallis test, Chi square test or Fisher’s exact test as

appropriate. Odds ratios (ORs) were estimated using

logistic regression. Hazard ratios (HRs) were estimated

using Cox regression. Multivariate analyses were per-

formed including in the models all variables significant at

the level of p \ 0.05 in the univariate analysis. All statis-

tical analyses were performed using the SPSS 13.0 (SPSS

Inc., Chicago, IL, USA).

Results

Study participants

From January 2008 to December 2012, 787 adult incident

cases of pancreatic disease were admitted to the Pancreatic

Surgery Unit and 651 (83 %) eligible patients accepted to

participate. The characteristics of the study participants are

reported in Table 1 and 1s. Outpatient visits were scheduled

1 month after hospital discharge and every 6 months there-

after. As of December 2013, median follow-up time after

diagnosis was 812 ± 33 days. Two-hundred and sixteen

patients died during follow-up (33.2 %). Of the 435 patients

known to be alive at the end of the observation period, 31 were

lost to follow-up after a median of 333 ± 112 days, and the

remaining 404 were censored at the latest follow-up visit, with

a median follow-up time of 740 ± 28 days.

Prevalence and clinical profile of diabetes in patients

with pancreatic disease

When pancreatic disease was diagnosed, 38 % of the

patients already had diabetes (with 11 % patients with

previously undiagnosed diabetes), 18 % had IFG and only

44 % had NFG (Fig. 1a). Recent-onset diabetes accounted

for 66 % of the patients with diabetes. The characteristics

of the study participants according to the glucose tolerance

are reported in Table 1. The insulin HOMA model

(excluding patients on insulin treatment) or the C-peptide

HOMA model (including patients on insulin treatment) was

used to estimate beta-cell function (%B), while insulin

HOMA model was used to estimate insulin sensitivity (%S)

[8]. Both beta-cell dysfunction and insulin resistance con-

tributed to the pathogenesis of IFG and diabetes in our

patient population (Fig. 1b). In fact, insulin HOMA2-%B

was 57 % (34–85), 76 % (58–94) and 104 % (79–137)

among patients with diabetes, IFG or NFG, respectively

(p \ 0.001; post hoc: diabetes vs. NFG p \ 0.001, diabetes

vs. IFG p \ 0.001, IFG vs. NFG p \ 0.001). C-peptide

HOMA2-%B was 81 % (51–108), 92 % (79–131) and

142 % (112–172) among patients with diabetes, IFG or

NFG, respectively (p \ 0.001; post hoc: diabetes vs. NFG

p \ 0.001, diabetes vs. IFG p = 0.027, IFG vs. NFG

p \ 0.001). Insulin HOMA-%S was 73 % (42–123), 83 %

(58–106) and 109 % (75–162) among patients with dia-

betes, IFG or NFG, respectively (p \ 0.001; post hoc:

diabetes vs. NFG p \ 0.001, diabetes vs. IFG p = 0.57,

IFG vs. NFG p \ 0.001).

In the univariate analysis (Fig. 1c), older age, male

gender, worse kidney function, higher BMI [ 25 at diag-

nosis, family history of diabetes, cardiovascular comor-

bidity, hypertension, hyperlipidemia and diagnosis of

pancreatic malignancy were all associated with diabetes A

multivariate analysis confirmed age [risk ratio (95 % con-

fidence interval), 1.26 every 5-year increase (1.10–1.41);

p \ 0.001], family history of diabetes [3.1 (1.8–5.2);

p \ 0.0001], cardiovascular comorbidity [1.91

(1.01–3.60); p = 0.044] and diagnosis of pancreatic ductal

carcinoma [2.43 (1.45–4.10); p = 0.001] as being inde-

pendently associated with prevalent diabetes in patients

with pancreatic disease.

As for the treatment of diabetes at the time of diagnosis

of pancreatic disease, 28.9 % of the patients were untreated

(undiagnosed diabetes), 9.6 % were treated with lifestyle

modifications, 32.5 % with oral diabetes medications,

24.9 % with insulin and 4 % with insulin and oral diabetes

medications. Treatment intensity (lifestyle changes \ oral

diabetes medications \ insulin associated with oral diabe-

tes medications \ insulin alone) was associated with a

higher HbA1c, driven by a significant decrease in beta-cell

function (i.e., decreased HOMA2-%B) and insulin sensi-

tivity (i.e., decreased HOMA2-%S) (see Supplementary

Table 2s for more details).

Altogether 12.6 % of the patients had at least one

positive islet-specific autoantibody. Among patients with

Table 1 continued

Diabetes (n = 249) IFG (n = 117) NFG (n = 285)

Cirrhosis 1.1 0 0

Other

Benign prostatic hypertrophy 13.8 4 5.6 0.002

Dysthyroidism 6.1 11 12 0.1

Autoimmune disease 5.6 5.4 7.6 0.57

Post hoc analysis: a NFG versus both IFG and diabetes; b diabetes versus both NFG and IFG; c diabetes versus NFG
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NFG, 8 % tested positive for autoimmunity and the vast

majority had only one positive autoantibody (7.6 %): IAA

was the most frequent specificity (4.2 %) followed by

GADA (3.4 %) and IA-2A (0.9 %). Among patients with

IFG, 8 % tested positive for autoimmunity and all had only

one positive autoantibody: GADA was the most frequent

specificity (4.5 %); followed by IAA (3.5 %). Among

patients with diabetes, 19.8 % tested positive for at least

one autoantibody and 2.4 % for more than one autoanti-

body (p = 0.002 vs. NFG and IFG). Patients treated with

insulin showed the highest prevalence of autoantibody

(41 %) with 4.9 % of patients with more than one auto-

antibody (p \ 0.001 vs. untreated and treated with oral

medications): IAA was the most frequent specificity

(34.4 %) followed by GADA (9.8 %) and IA-2A (1.7 %).

During the study, the assay for ZnT8A became available

and this autoantibody was tested in a subgroup of 388

patients. Altogether, there were 1.5 % of patients who

tested positive for ZnT8A, with no differences among

patients with diabetes, IFG or NFG (see Supplementary

Table 3s for more details).

Signatures of specific pancreatic disease-associated

diabetes

At the time of diagnosis of pancreatic disease, the preva-

lence of diabetes (Fig. 2a) was heterogeneous among the

different types of pancreatic diseases (47.9 % ductal car-

cinoma, 39.5 % chronic pancreatitis, 34.3 % periampullary

tumor, 24.2 % cystic neoplasm, 22.7 % metastasis from

other tumor, 22.2 % pancreatic pseudocyst and 17.1 %

PET, p \ 0.001). However, the clinical features of diabetes

were very similar in all types of pancreatic diseases

(Table 2). Decreased insulin secretion (i.e., decreased

HOMA2-%B) associated with increased insulin resistance

(i.e., decreased HOMA2-%S) was a common feature, with
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Fig. 1 Prevalence and profile of diabetes mellitus in patients with

pancreatic disease. a Prevalence of diabetes, impaired fasting glucose

(IFG) and normal fasting glucose (NFG) in 651 patients admitted to

the Pancreatic Surgery Unit from January 2008 to December 2012.

b Insulin release (as insulin HOMA2-%B, excluding patients on

insulin treatment; as C-peptide HOMA2-%B, including patients on

insulin treatment) and insulin sensitivity (as HOMA2-%S) among

patients with diabetes, IFG or NFG. c The associations between

baseline variables and diabetes were assessed using logistic regres-

sion. All analyzed variables are presented. Dots represent the odds

ratio after natural log transformation, lines the 95 % confidence

intervals. *p \ 0.05; **p \ 0.01; ***p \ 0.001. PET = neuroendo-

crine tumors
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the exception of inflammatory nonneoplastic pancreatic

diseases. Moreover, an association (as a trend or statisti-

cally significant) with older age, male gender, family his-

tory, higher BMI, presence of autoimmunity,

cardiovascular comorbidity, hypertension, hyperlipidemia

and prostatic hypertrophy was present in almost all pan-

creatic diseases. Assuming that the temporal association

could identify a causative relationship between pancreatic

disease and diabetes, we also compared the profile of

recent-onset diabetes with that of long-lasting diabetes.

Moreover, since recent-onset diabetes in patients with

pancreatic cancer has been postulated to be a paraneo-

plastic phenomenon caused by pancreatic cancer itself [11–

13], we analyzed separately patients with or without ductal

carcinoma (Table 3). Patients affected by ductal carcinoma

with recent-onset diabetes, when compared to cases with

long-duration diabetes, had lower HbA1c values, were older

at onset and were less likely to be treated with insulin and/

or oral medication, to test positive for islet-specific auto-

immunity and to have a family history of diabetes or

insulin resistance-related comorbidities (cardiovascular

disease, hyperlipidemia, prostatic hypertrophy). With the

exception of insulin resistance-related comorbidities, sim-

ilar findings were observed also among patients with pan-

creatic diseases other than ductal carcinoma.

Effect of pancreatic surgery on glucose tolerance

Of the 651 cases in our series, 68 (10.4 %) underwent total

pancreatectomy, 476 (73.1 %) partial pancreatectomy (276

pancreaticoduodenectomy, 180 distal pancreatectomy, 18

enucleation, 2 median pancreatectomy), 83 (12.7 %) had

other surgical interventions (palliative biliary and/or gastric

by-pass, exploratory laparotomy or laparoscopy, ampul-

lectomy, etc.) and 24 (3.7 %) were discharged without

surgery. All the 68 patients who underwent total pancrea-

tectomy developed pancreoprive diabetes [median insulin

requirement at the latest follow-up 32 U/day (22–38)].

Prior to surgery among the 476 patients undergoing partial

pancreatectomy, 169 (35.5 %) were diabetic; 89 (18.7 %)

had IFG; and 218 (45.8 %) had NFG. Among the 169

patients who had diabetes prior to partial pancreatectomy,

24 (14.2 %) no longer met criteria for the diagnosis of

diabetes (reverted diabetes) after a median of 17 days after

surgery; 95 (56.2 %) remained diabetic and did not require

changes in their diabetes treatment; 50 (29.6 %) remained

diabetic and showed a progressive worsening of glycemic

control requiring treatment changes, i.e., prescription of

either oral diabetes agents or insulin [median insulin

requirement 21 U/day (14–37)]. Among the 307 patients

without diabetes prior to partial pancreatectomy (i.e.,

patients with NGT or IGT), 64 (20.8 %) developed dia-

betes a median of 89 days after surgery.

Unexpectedly, similar proportions of abnormal glucose

tolerance were also observed among patients who did not

undergo pancreatic resection, but had either nonpancreatic

surgery or no surgery at all. At baseline of the 107 patients

who had no pancreatic surgery, 47 (43.9 %) had diabetes;

21 (19.6 %) had IFG; and 39 (36.4 %) had NFG. Among

the 47 patients with diabetes, 7 (14.7 %) reverted diabetes

a median of 8 days after surgery (compared with 14.2 %

among patients with partial pancreatectomy, p = 0.9); 31

(66 %) remained diabetic and did not required any change

in diabetes treatment (compared with 56.2 % among

patients with partial pancreatectomy, p = 0.23); and 9

(19.1 %) remained diabetic with a progressive worsening

of glycemic control requiring treatment changes (compared

with 29.6 % among patients with partial pancreatectomy,

p = 0.15). Among the 60 nondiabetic patients (i.e.,

patients with NFG or IFT), 8 (13.3 %) had new-onset

diabetes a median of 30 days after surgery (compared with

20.8 % among nondiabetic patients with partial pancrea-

tectomy, p = 0.18).

The analysis of the association between clinical char-

acteristics and reverted diabetes or new-onset diabetes is

presented in Fig. 3. Shorter duration, older age of onset,

lower HbA1c level, the absence of diabetes treatment

(insulin or oral agents) and surgical procedures bypassing

the duodenum were all associated with reverted diabetes in

the univariate Cox regression analysis (Fig. 3b). Multi-

variate analysis confirmed HbA1c level [Hazard ratio (HR,

95 % confidence interval), 0.6 (0.38–0.93); p = 0.025] and
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the absence of diabetes treatment [10.4 (2.4–44);

p = 0.002] as independent predictors of reverting diabetes

after treatment of pancreatic disease.

Older age, higher fasting glycaemia, higher weight/

BMI, higher HOMA2-IR at baseline and diagnosis of

pancreatic malignant disease were all associated with

new-onset diabetes after diagnosis and treatment of

pancreatic disease (Fig. 3b). Multivariate analysis con-

firmed fasting glycaemia [1.52 (1.06–2.19); p = 0.023],

BMI [1.12 (1.05–1.2); p = 0.001] and diagnosis of

malignancy [2.5 (1.34–4.63); p = 0.004] as independent

predictors of new-onset diabetes after treatment of pan-

creatic disease.

Discussion

At our knowledge, this is the first prospective observational

study describing the clinical features and risk factors of

patients with newly diagnosed T3cDM. The prevalence of

diabetes in our patients with pancreatic disease (38 %) was

much higher than that reported in our area for the general

population of similar age (8–15 %) [14]. However, the

clinical and biochemical profile of patients with T3cDM

was similar to that of patients with type 2 diabetes. Simi-

larly to type 2 diabetes older age, male gender, higher BMI

and family history of diabetes, beta-cell dysfunction and

increased insulin resistance were predictors of diabetes in

Table 2 Variables related to glucose tolerance among patients with diabetes by type of pancreatic disease

Ductal
carcinoma

Chronic
pancreatitis/
pseudocyst

Periampullary
tumor

Cystic
neoplasm

Metastasis from
nonpancreatic
tumor

PET p

N 175 17 23 16 5 13

Age 69 ± 8 61 ± 13 71 ± 8 69 ± 6 71 ± 11 60 ± 11 0.001

BMI 24.6 ± 4.5 22.9 ± 2.4 25.2 ± 4.3 26.3 ± 4.1 26.9 ± 2.1 25.7 ± 3.7 0.19

Duration (years) 0.88 (0–3.2) 0.93 (0–8.9) 1.83 (0–6) 3.35 (0–12) 5.6 (0.9–10) 0 (0–2) 0.28

Age of onset 64 ± 11 58 ± 15 65 ± 12 62 ± 7 63 ± 12 60 ± 10 0.21

Therapy

None 26.9 35.3 30.4 31.3 0 53.8 0.029

Insulin 29.7 23.5 17.4 0 0 15.4

Oral agents 30.9 11.8 39.1 50 100 23.1

Insulin ? oral agents 3.4 11.8 0 12.5 0 0

Lifestyle modifications 9.1 17.6 13 6.3 0 7.7

Metabolic variables

FPG (mmol/l) 8.41 ± 3.3 7 ± 3.4 6.92 ± 1.6 7 ± 1.98 6.46 ± 1.36 6.04 ± 1.49 0.008

HbA1C [% (mmol/mol)] 7.2 (55.2) ± 1.6 7.4 (57.4) ± 1.8 6.8 (50.8) ± 1.2 7.1 (54.1) ± 1.6 6.6 (48.6) ± 0.5 7.2 (55.2) ± 1.6 0.8

Fasting insulin (pmol/l) 57 (32–95) 32 (28–109) 60 (38–110)2 52 (30–101) 82 (52–131) 51 (28–107) 0.73

Insulin HOMA2-%B 52 (34–77) 53 (39–75) 82 (34–94) 63 (33–116) 86 (52–128) 62 (47–102) 0.403

C-peptide HOMA2-%B 66 (37–95) 47 (27–67) 97 (81–142) 99 (64–145) 152 (103–201) 107 (104–141) 0.020

Insulin HOMA2-%S 71 (41–120) 113 (54–136) 74 (48–92) 81 (40–143) 54 (39–77) 96 (49–150) 0.73

Association (odds ratio)

Male gender 1.46 (0.96–2.2) 2.7 (0.6–12) 1.1 (0.4–3) 4.1 (1.2–13)* NC 1 (0.4–1.4)

Age (5 years increments) 1.2 (1.1–1.3)*** 1.19 (0.9–1.5) 1.2 (0.9–1.5) 1.5 (1.1–2)** NC 1.13 (0.9–1.4)

eGFR 0.99 (0.98–1) 0.99 (0.98–1.01) 0.99 (0.97–1) 0.97 (0.94–1) NC 0.98 (0.96–1)

Familiarity 3 (1.8–4.98)*** 2.5 (0.6–10) 1.6 (0.5–5) 1.8 (0.6–5.9) NC 1.02 (0.3–11)

BMI [ 25 1.3 (0.8–2) 0.83 (0.2–3.9) 1.8 (0.6–5.4) 6.4 (1.8–22)** NC 1.9 (0.5–6.6)

Autoimmunity 2.6 (1.3–5.1) ** NC 2.6 (0.5–12.9) NC NC 7 (1.2–41)*

Comorbidities NC

Cardiovascular 2.41 (1.4–4.2) ** 4.4 (0.7–27) 2.81 (0.9–9) 10 (1.9–50)** NC 2.1 (0.3–12.5)

Hypertension 1.4 (0.9–2.2) 1.8 (0.5–7) 1.61 (0.5–4.7) 3.7 (0.8–16) NC 2.4 (0.5–10.2)

Hyperlipidemia 1.74 (0.9–3.3) 1.05 (0.2–5.2) 1.94 (0.4–8.7) 2.5 (0.4–16) NC 2.6 (0.5–12)

Neoplastic 1.3 (0.7–2.3) 6.2 (0.6–66) 0.14 (0.02–1.2) NC NC 4.5 (0.8–23)

Hepatic 1.7 (0.6–5) 1.9 (0.11–33) 0.56 (0.6–5.8) 4.7 (0.3–83) NC 3 (0.2–37)

Prostatic hypertrophy 2.9 (1.2–6.7)* 6.2 (0.6–66) 1.9 (0.2–14.5) 2.33 (0.2–28) NC 6.8 (0.8–56)

Dysthyroidism 0.4 (0.15–0.92)* NC 4.2 (0.7–25) NC NC NC

Autoimmune disease 0.7 (0.2–1.8) 0.86 (0.07–10) 2(0.11–33) 1.9 (0.3–11) NC 1.6 (0.3–8.8)

NC not enough cases

* p \ 0.05; ** p \ 0.01; *** p \ 0.001
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patients with pancreatic disease [15, 16]. Furthermore, the

prevalence of adult-onset autoimmune diabetes in our

population, based on the positivity of GADA and IA2-A,

was similar to that previously reported in patients with type

2 diabetes in our area [17]. Of note, we observed a rela-

tively high prevalence of GADA or IAA in patients with

diabetes never treated with insulin and in nondiabetic

patients. IAA or GADA positivity at low titers and gen-

erally not associated with other specific autoantibodies is

unlikely a specific marker of primary autoimmune beta-cell

destruction, but possibly the expression of a secondary

damage of the pancreatic islets due to the concomitant

pancreatic disease.

The association between diabetes and pancreatic duct

cancer [18, 19] is of great clinical interest, because the

identification of a specific T3cDM signature associated to

ductal cancer could be a key to detect asymptomatic, early

stage tumors [11–13]. In fact, while long-duration diabetes

is considered a risk factor for the development of pancre-

atic ductal cancer [20–24], recent-onset diabetes in these

Table 3 Variables related to glucose tolerance in patients with pancreatic disease, according to the duration of diabetes

Ductal carcinoma Other diseases pa pb

Recent onset Long duration p Recent onset Long duration p

N 122 34 43 24

Age 68 ± 9 70 ± 7 0.47 65.5 ± 11 68 ± 8 0.34 0.06 0.36

BMI 24.5 ± 4.3 25.4 ± 5.4 0.45 25.6 ± 3.9 24.3 ± 3.5 0.18 0.18 0.39

eGFR 95.1 ± 27 92.4 ± 36 0.64 94.9 ± 40 82.4 ± 24 0.17 0.9 0.24

Duration (years) 0.27 (0–1.08) 11.1 (6.8–20.5) \0.001 0 (0–0.9) 10.2 (7.2–14.5) \0.001 0.075 0.17

Age of onset 68 ± 9 54 ± 11 \0.001 65 ± 11 56 ± 10 0.003 0.09 0.38

Therapy

None 38.5 0 \0.001 58.1 0 \0.001 0.14 0.067

Insulin 22.1 50 9.3 20.8

OH 26.2 38.2 23.3 45.8

Insulin ? OH 2.5 8.8 0 16.7

Lifestyle modification 10.7 2.9 4 16.7

Metabolic variables

FPG (mmol/l) 8.01 ± 2.6 9.7 ± 4.7 0.009 7.2 ± 2.3 6.1 ± 1.9 0.07 0.07 \0.001

HbA1C [% (mmol/mol)] 7.1 ± 1.5 8.1 ± 1.6 0.002 6.8 ± 1.3 7.5 ± 1.9 0.09 0.35 0.24

Fasting insulin (pmol/l) 54.1 (31.2–98.8) 64.2 (32.8–160.2) 0.17 62 (30–97) 51 (30–109) 0.98 0.58 0.38

Insulin HOMA2-%B 59 (40–83) 56 (35–77) 0.56 52 (35–130) 70 (42–94) 0.95 0.86 0.057

C-peptide HOMA2-%B 61 (31–109) 67 (52–107) 0.86 96 (65–184) 101 (67–142) 0.74 0.33 0.17

Insulin HOMA2-%S 60 (23–117) 72 (42–122) 0.063 87 (45–129) 78 (49–131) 0.96 0.161 0.78

Association (odds ratio)

Male gender 1.4 (0.8–2.4) 1.91 (0.9–4) 3.77 (1.2–11.8)* 2.6 (1.1–6.6)*

Age (5 years) 1.11 (0.9–1.2) 1.24 (1.03–1.5)* 1.13 (0.95–1.35) 1.3 (1.1–1.5)**

eGFR 0.99 (0.99–1.007) 0.99 (0.98–1.004) 1 (0.9–1.01) 0.97 (0.95–0.99)**

Familiarity 3.53 (1.9–6.4)*** 7.86 (3.4–18.2)*** 2.1 (0.77–5.5) 4.3 (1.8–10.4)***

BMI [ 25 1.105 (0.6–1.98) 2.15 (0.95–4.86) 3.01 (1.11–8.2)* 1.47 (0.6–3.5)

Autoimmunity 2.5 (1.1–5.6)* 5.6 (2.2–14.5)*** 0.86 (0.1–7.2) 4.6 (1.5–13.8)**

Comorbidities

Cardiovascular 1.91 (0.9–3.9) 5.4 (2.3–12.5)*** 7.1(2.2–23)*** 2.8 (1.06–7.7)*

Hypertension 1.8 (0.8–3.2) 1.5 (0.66–3.3) 0.84 (0.25–2.8) 2.7 (1.1–6.8)*

Hyperlipidemia 2.03 (0.9–4.5) 2.91(1.16–7.3)* 2.9 (0.84–10.4) 1.5 (0.4–4.8)

Neoplastic 0.6 (0.3–1.2) 0.77 (0.24–2.4) 0.33 (0.04–2.6) 0.62 (0.1–2.2)

Hepatic 3.1 (0.95–10) NC NC 3.3 (0.8–13.6)

Prostatic hypertrophy 1.74 (0.54–5.5) 5.4 (1.8–16)** 8.4 (2.1–32.5)** 1.9 (0.4–9.3)

Dysthyroidism 0.7 (0.24–1.9) 0.23 (0.03–1.8) 0.66 (0.1–5.4) 1.2 (0.4–4.6)

Autoimmune disease 0.88 (0.27–2.88) 0.48 (0.06–3.8) 0.79 (0.1–6.4) 0.52 (0.06–4.1)

NC not enough cases

* p \ 0.05; ** p \ 0.01; *** p \ 0.001
a Recent onset
b Long duration: ductal carcinoma versus other disease
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patients has been postulated to be a paraneoplastic phe-

nomenon caused by cancer itself. Furthermore, the exis-

tence of diabetogenic products, such as amylin [25],

S-100A8N-terminal peptide [26] and, more recently,

adrenomedullin [27], has been postulated. This hypothesis

was supported by the high prevalence of diabetes in

patients with pancreatic ductal cancer [10, 28], the tem-

poral relation between onset of diabetes and diagnosis of

cancer [29, 30] and the resolution of diabetes after cancer

resection in a subgroup of these patients [28, 31, 32]. Our

results are not fully in agreement with this hypothesis.

First, the prevalence of diabetes in pancreatic ductal cancer

was higher than in other pancreatic diseases, but similar to

that of chronic pancreatitis, speaking against a specific role

of cancer in the development of T3cDM. Second, T3cDM

was associated (although to a different extent) with the

classical risk factors for type 2 diabetes, either among

patients with ductal carcinoma or diseases other than ductal

carcinoma, or in patients with recent-onset diabetes or

long-lasting diabetes. Third, we observed reverted diabetes

within few days after surgery before significant weight loss

occurred, but it was not related neither to the diagnosis of

pancreatic ductal carcinoma, nor to the removal of pan-

creatic disease, while mild diabetes at baseline and surgical

procedures including bypass of the duodenum (i.e., palli-

ative gastrojejunostomy and duodenopancreatectomy) were

significant predictors of reverted diabetes. This last evi-

dence is of great interest, suggesting that, as for bariatric

surgery, gastrointestinal anatomic changes more than can-

cer removal may play a relevant role in remission of dia-

betes [33]. Fourth, after pancreatectomy and tumor

removal, many patients showed a progressive worsening of

glycemic control, and again, classical risk factors for type 2

diabetes were associated with the onset diabetes after

surgery.

Taken together, our results supported the association

between diabetes and pancreatic ductal carcinoma,

although they did not provide a clear evidence of pancre-

atic cancer-induced paraneoplastic diabetes. In this direc-

tion, we can speculate that the common determinant of

both diabetes and cancer could be hyperinsulinemia [34],

which may favor the development of cancer because
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insulin is a growth factor with not only metabolic but also

mitogenic effects [35, 36]. On an background of insulin

resistance, pancreatic disease could unmask type 2 diabetes

by inducing beta-cell dysfunction through either the direct

destruction of normal pancreatic tissue (advanced stages)

or the indirect reactive pancreatitis caused by the impair-

ment of the duct system (frequently present also at early

stages of pancreatic cancer).

Our study presents also some limits. First, all the

patients studied were admitted for surgery, and this was a

potential bias in the selection of the patients. Second, this is

a single center study developed at a tertiary-care academic

center with potential referral biases. Third, in about 10 %

of diabetic patients, it was not possible to document the

exact disease duration. Fourth, during follow-up, antican-

cer treatments could have played a role in the incidence of

postsurgical diabetes independently by the ‘‘natural his-

tory’’ of the disease.

In conclusion, T3cDM is a heterogeneous clinical entity

widely overlapping with type 2 diabetes. Since type 2

diabetes is common and pancreatic diseases are relatively

uncommon, the success of a strategy considering new-

onset diabetes as a marker for patients with an increased

risk of asymptomatic pancreatic diseases will largely

depend on our ability to identify new diabetes-unrelated

biomarkers.
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