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Pancreatic physiology

• Exocrine: production of digestive 
enzymes (lipase, amylase, 
proteases) and sodium 
bicarbonate.

• Endocrine: production of 
hormones 

Islets of Langerhans 

1-2% of pancreas



Endocrine hormones and glucose homeostasis 
• Alpha cells – glucagon is secreted in response to falling blood glucose levels and stimulates the 

breakdown of glycogen (glycogenolysis) primarily within the liver to glucose.

• Beta cells – insulin (anabolic hormone) is secreted in response to rising blood glucose levels, enabling 

glucose uptake within the liver, muscle and adipose cells – converted to glycogen (glycogenesis).  

• Delta – somatostatin suppresses the production of insulin and glucagon. 

• Epsilon – Ghrelin (hunger hormone) is produced by the stomach.  Small amounts secreted by the 

pancreas act on beta cells to inhibit insulin, and act on alpha cells to secrete glucagon. 

• PP cells – (F cells) producing pancreatic polypeptide.  It acts on the liver to increase insulin 

sensitivity and therefore suppresses the breakdown of glycogen to glucose.



Digestion and metabolism of carbohydrates
• Glucose is the body’s main energy source (brain).

• Glucose comes from food (carbohydrates) or the body’s glucose storage (glycogen).

• Digestion of carbohydrates in food, enters the bloodstream as glucose (the simplest form of 
sugar).

• Insulin - moves glucose from the blood into cells for energy and storage.

• Interruption to this process due to insulin resistance or deficiency of insulin leads to 
glucose remaining in the blood.



Hyperglycaemia

Symptoms
Thirst
Tiredness 
Weight loss 
Nocturia/polyurea
Craving sugary drinks and foods
Blurred vision
Delayed wound healing
Infections

Chronic complications
• Retinopathy
• Peripheral neuropathy
• Cardiovascular
• Nephropathy
• Gum disease
• Foot problems

Diabetes is associated with shorter survival in 
pancreatic cancer patients (Mao et al, 2015).



Blood glucose levels

High blood glucose (hyperglycaemia)
Above 11.1mmol/l

Non-fasting (up to 2 hours after eating)
7 – 11mmol/l

Normal fasting
4-7mmol/l

Low blood glucose (Hypoglycaemia)
<4.0mmol/l

HbA1c test for diabetes:
• Normal: Below 42mmol/mol
• Prediabetes: 42 – 47mmol/mol
• Diabetes: 48mmol/mol or over.

Serum blood glucose test:
• Random >11.1mmol/l
• Fasting >7.0mmol/l
•  2-hour Oral glucose Tolerance 

Test (OGTT) 75g. >11.1mmol/l.



WHO classification of 
diabetes - 2019

Diseases of the exocrine pancreas

• Any process that diffusely damages the 
pancreas: pancreatitis, trauma, infection, 
pancreatectomy.

• Diabetes related to pancreatic adenocarcinoma 
is caused by other mechanisms then reduction 
of beta cell mass.



Type 1 diabetes - 8% of all diabetes (Diabetes uk)

• Autoimmune disease – beta cells in the islet of Langerhans are 
destroyed – insulin deficiency. 

• Cause – genetic, environmental (virus) – research ongoing.
• Positive for islet autoantibodies:

• GAD (Glutamic Acid Decarboxylase).
• IA-2 (Islet Tyrosine Phosphatase
• ZnT8 (Zinc transporter 8)

• Treatment – insulin





Type 2 Diabetes - 90% of all diabetes (Diabetes uk )

Insulin Resistance (IR)
• Visceral adipose tissue produces inflammatory cytokines (TNF and interleukin (IL)-6).
• Cytokines inhibit insulin receptors and the action of insulin.
• Leading to Insulin resistance.
• Hyperglycaemia and Insulin resistance leads to hyperinsulinaemia.
• Leading to beta cell exhaustion  

• Risk factors: Overweight/obese, family history, inactivity, ethnicity, history of 
gestational diabetes, PCOS, metabolic syndrome.

• Negative for autoantibodies.
• Treatment: lifestyle – diet: healthy eating, exercise, weight loss, oral 

hypoglycaemic agents – first-line Metformin, may progress to insulin.





American Diabetes Association  (2022)

• ‘Pancreatic Diabetes is the preferred 
umbrella term’.

• Diverse set of aetiologies within the 
classification of diabetes in the context 
of the exocrine pancreas.

• The distinguishing feature is concurrent 
pancreatic exocrine insufficiency.



Poll Question:  What % of all adult diabetes is 
caused by pancreatic disease (Type 3c).
0.5 - 1.15%
1 - 2%
2 - 4%
5 - 6%
5 - 10%
Don’t Know



Type 3c diabetes – misdiagnosis
Ewald et al, 2012

• Patients (n 1868) admitted to the hospital 
within the last 24 months.

• Reclassified according to ADA 
classification.

• 9.2% of all diabetes classified as type 3c.

• Misclassified as type 2 DM.

Woodmansey et al, 2017

• Adult-onset DM – Primary care records in the 
UK (n 31780 NOD in adults).

• Diabetes in pancreatic disease -1.8%

• Type 3c misdiagnosed in 87.5% (n559) as type 
2 diabetes

• Poorer glycaemic control

• Progressed to insulin use in 5 years:
• Type 2 - 4.1%
• Acute pancreatitis - 20.9%
• Chronic pancreatitis disease - 45.8%



.

Diabetes and Primary Care Vol 14, No 5 (2012)



Type 3c diabetes and pancreatic cancer

• Tumour metabolites: Paraneoplastic mechanism due to tumour 
metabolites causing insulin resistance and beta cell dysfunction.

• Pancreatic resection for the treatment of pancreatic cancer: loss of 
pancreatic tissue.

• Treatments: Chemo/radiotherapy/steroids

• Treatment – oral hypoglycaemic agents, insulin.
• Nutritional support

• Weight gain if appropriate
• Pancreatic enzyme replacement therapy (PERT)



The incidence of diabetes in patients diagnosed with pancreatic cancer – the 
implications of methods and tests used.
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Pathophysiology 
• Absence of islets – total pancreatectomy (absolute deficiency of insulin, glucagon and pancreatic 

polypeptide)
• Partial absence of functional islets – chronic pancreatitis, partial pancreatectomy, severe acute 

pancreatitis
• Paraneoplastic – pancreatic ductal adenocarcinoma

Mechanisms observed within type 3c diabetes

Insulin deficiency

Insulin resistance

Hypoglycaemic risk due to lack of glucagon in response to falling blood glucose 
levels ‘brittle diabetes’

Hepatic insulin resistance caused by a reduction in pancreatic polypeptide and 
unsuppressed hepatic glucose production



Relationship between endocrine and exocrine 
function:

Reduced incretin effect

Food in the small intestine initiates an incretin hormone response: 
GIP (glucose-dependent insulinotropic polypeptide)  

GLP-1 (glucagon-like peptide-1) 

Incretin hormones signal to the beta cells to release insulin. 
In the setting of maldigestion due to PEI a dampened incretin 
response occurs – leading to hyperglycaemia.



Pancreatic adenocarcinoma in the 
head of the pancreas impacting the 

endocrine and exocrine function

• Tumour metabolites causing beta 
cell dysfunction and insulin 
resistance.

• Tumour blocking the pancreatic 
duct and bile duct causing 
pancreatic enzyme insufficiency 
and jaundice.

Pancreatic Cancer UK



Pancreatic cancer and weight loss

72% of people with pancreatic cancer had unintentional weight 
loss within a year of diagnosis (Hue et al, 2020). 
• Maldigestion caused by blocked pancreatic ducts.
• New onset diabetes relating to pancreatic cancer.
• Poor appetite is driven by pancreatic cancer metabolites and 

symptoms.
• Increased nutritional requirements – 10% rise in energy 

expenditure due to tumour metabolism.



NICE (2015) guidance recommends: 

Anyone over the age of 60 presenting with 
new-onset diabetes should be assessed for 
pancreatic cancer in the presence of any of 
the following:

• Weight loss

• Diarrhoea

• Back pain 

• Abdominal pain 

• Nausea, 

• Vomiting, 

• Constipation

Urgent 2-week wait CT.



Points to consider

• Type 3c – frequently mis and underdiagnosed.
• Classification complicated by terminology and, the impact this 

can have on people.
• 3c differs in pathophysiology from type 1 and type 2 diabetes.
• Think diabetes – test for and monitor 
• Right diagnosis, right treatment for better outcomes.
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