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Diabetes mellitus and PEI

The endocrine and exocrine pancreas “reside” next to each other



Insulo-acinar portal system: 
Exocrine pancreas exposed to high 
concentrations of islet hormones

100 µm

Insulin
Trophic effects

Halo phenomenon
Enzyme release

in response to
stimulants ­

Glucagon, SST, PP
Atrophic effects
Inhibition of exocrine
function

Healthy subjects

Ø Atrophy 
Ø Loss of halos
Ø Exocrine insufficiency

- +

Diabetics

Islet-acinar axis in diabetes

Keller & Layer Gut 2005;54:Suppl 6: vi9-29

Reduction to 0-5% 
in type I (IDDM)

Löhr & Klöppel, Diabetologia 1987, 30: 757-762



Pancreatogenic diabetes mellitus

Pancreatology 2011;11:279-294

Low PP indicative of Type 3c diabetes mellitus



Primary problem is in the pancreas
- destruction
- innervation

Secondary enzymes are released but do not work
- anatomical changes
- dysregulated activation
- dysregulated inactivation

Pancreatic Exocrine Insufficiency (PEI)
Classification

uegj 2013, 1: 79-83



Prevalence of PEI in DM

JoP 2016;17:216-219

30 - >50%
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Cumulative incidence of PPDM in patients with CP derived from cumulative incidence function.
The green line shows cumulative incidence of PPDM after accounting for competing risk event (i.e., death occurring prior to the event of interest, presented by the red line).

Accounted cumulative incidence for PPDM was 5.1%, 13.2%, 27.5%, and 38.9% at 5, 10, 15, and 20 years after CP diagnosis. 

Post-pancreatitis diabetes mellitus – Karolinska

uegj 2023, 11: 79-91



Primary problem is in the pancreas

- Autoimmune pancreatitis
- Pancreatic cancer
- Diabetes mellitus

Pancreatic Exocrine Insufficiency (PEI)
Classification



§ AIP is considered a serious conditions triggering urgent intervention

Arthritis & Rheumat 2015, 67(7): 1688-99

IgG4-RD



uegj 2020, 8: 637-666

guidelines



Number of patients 71
Male 49%

Mean age 49 years (44-53; 95% CI)

Histologically confirmed 28%

Jaundice 35%
Acute pancreatitis 22%

Non-specific symptoms 39%

Other organ involvement 84%

Radiological features at 
diagnosis:

Focal pancreatic 
enlargement

Diffuse enlargement
Radiological signs of 

acute pancreatitis
Radiological signs of 
chronic pancreatitis

76%

27%
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pancreatic exocrine
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SHORT AND LONG TERM 
OUTCOMES

% of AIP…

Pancreatic
exocrine

insufficiency

Type 1 AIP

33 (64%)

Type 2 AIP

1 (20%)
p = 0.07

Pancreatology 2018; 18: 900-904

Pancreatic Exocrine Insufficiency in AIP



J. Clin. Med. 2022, 11, 3724 



§ PEI prevalence at diagnosis was 72.7%
§ The cumulative incidence of DM was 17.9%, with a prevalence of 

DM at diagnosis of 32.8%. 
§ No strong association was found between pharmacological 

treatment and occurrence of PEI and DM. 

J. Clin. Med. 2022, 11, 3724 

Exocrine (PEI) & Endocrine (DM) Insufficiency in AIP



Exocrine (PEI) & Endocrine (DM) Insufficiency in AIP

Eur J Intern Med. 2022, S0953

45% PEI
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Figure 2: Time to development of pancreatic atrophy in patients with CP versus AIP

von Beckerath, Vujasinovic, Mucelli-Pozzi, Maisonneuve, Löhr, submitted

Pancreatic atrophy develops fast(er) in AIP
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Figure 3: Time to development of clinical overt diabetes mellitus in patients with CP versus AIP

Clinically overt 
DM

No DM

§ AIP patients develop both 
pancreatic atrophy and 
diabetes mellitus much faster 
than ordniary chronic 
pancreatitis



They all come down to CHRONIC PANCREATITIS

§ Typically, patients have (had) episodes of

àAbdominal pain
àWeight loss
àDiarrhea

In the past

§ Triggered by

àGallstones
àAlcohol

§ Profession!



Cardinal symptoms of chronic pancreatitis
- and pancreatic exocrine insufficiency

§ Note: not all symptoms may be present
Othman et al., Clinical Practice 2018



Chronic pancreatitis - Imaging

§ While abdominal ultrasound is a good screening modality in patients with abdominal pain, 
it is notoriously bad in visualizing the (entire) pancreatic gland.

§ Cross-sectional imaging is the method of choice

à CT is the modality with the best 
§ cost-effectiveness, accessibility, speed
§ Diagnostic yield

à Calcifications & stones

à MR is next best modality
§ With MRCP best for ductal pathology (Cambridge)

uegj 2017, 5: 153-199



Pancreatic Exocrine Function 
Tests

Z Gastroenterol 2004, 42: 1117-1128

Fecal elastase-1

CFA
13C-MTG-BT

normal

100% 10% 0%90% 50%

Steatorrhea

Pancreatic ƒ => PEI

Mild
PEI

Secretin-test



Chronic Pancreatitis – Therapy
Pancreatic Enzyme Replacement

§ Indication for PERT

àDiagnosed Pancreatic Exocrine Insufficiency

§ Adequate starting dose

à40-50 k lipase units

§ Regular – with all meals

àTake during the meals

§ Consider individual circumstances

às/p Pancreatic Surgery
àBlind/afferent loop
àSIBO uegj 2017, 5: 153-199



Chronic Pancreatitis - Complications

§ Endocrine (diabetes mellitus) and exocrine insufficiency
àSymptoms/diseases secondary to malnutrition

§ Some complications can be treated 

àSurgically or endoscopically o

Cholestasis

Pain
Cyst

Ascites

Maldigestion

Splenic vein
thrombosis

Calcifications

Weight loss

Esoph.
varices

Jaundice
Diabetes



Pancreatic exocrine insufficiency

Kempeneers et al., Pancreas 2020, 49: 242-248

After 12 years 50% have PEI



Diabetes mellitus in chronic pancreatitis

§ Patients with PPDM have a 
higher frequency of clinically 
significant complications and 
were more commonly 
prescribed insulin and 
metformin, suggesting a 
more aggressive phenotype 
than that of T2DM



Nutrients 2021, 13, 2386 

• 4x fracture rate in low BMD!
• Different fracture pattern
• ⇧ by time

• Consequence
• DXA-measurent
• Vitamin D/Ca++ treatment



TWO risk groups
LOW BMI and PEI
HIGH BMI, DM

10 years: 2% NEJM 1993



guidelines

§ Follow-up of all patients AFTER a (first) episode of acute pancreatitis is 
recommended
àWithin 6-12 months

§ Take history (pain, weight loss, diarrhea)
§ Measure amylase & lipase
§ Measure endocrine (HbA1c) and exocrine (fecal elastase-1) function

uegj 2017, 5: 153-199



Svensk Riktlinjer Kronisk Pankreatit

Gastrokuriren 2019, 24: 46-48 



uegj 2017, 5: 153-199

TREATMENT follows the        guidelines

guidelines



The future of

§ Application to UEG for new guidelines - approved

àlead  specialist society
§ Enrique Dominguez-Munoz, J.-Matthias Löhr

àLead National societies
§ Spanish  and Swedish Gastroenterology

àSupporting speciality Societies
§  EDS, ESDO, ESPCP, ESPEN, ESPGHAN

àSupporting National Societies
§ Dutch, German, French, Hungary, Italian, Ukraine

 

HaPanEU

European Guideline on the Diagnosis and Therapy of Pancreatic Exocrine Insufficiency-
UEG, EPC, EDS, ESPGHAN, ESPEN, ESDO and ESPCG Recommendations

guidelines

Results presented during       
       

       
  2023 in Copenhagen!



guidelines

uegj 2017, 5: 153-199



55th EPC meeting in cooperation with the JPS
June 28th to July 1st 2023

Alpbach, Tyrol

https://epc2023.eu





TACK!


