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Pancreatogenic Diabetes Mellitus - Type 3¢ (T3cDM)
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According to the American
Diabetes Association (ADA),
several forms of diabetes exist,
including type 3 diabetes mellitus
(DM) [1]. This category is divided
into eight subgroups:

1) DM type 3a: genetic defect
of pancreatic beta cells, referred
to as MODY (Maturity Onset
Diabetes of the Young);

2) DM type 3b: genetic defect of
insulin action (insulin resistance
syndrome);

3) DM type 3c: associated with
primary pancreatic disease;

4) DM type 3d: diabetes associated
with endocrinopathies (Cushing
syndrome, glucagonoma, etc.);
5) DM type 3e: drug-induced
diabetes (glucocorticoids,
thiazides, beta blockers,
diazoxide)

6) DM type 3f: infectious etiology
of diabetes (cytomegalovirus)

7) DM type 3g: immune-mediated
diabetes (insulin resistance, Stiff-
person syndrome)

8) DM type 3h: rare genetic
syndromes (Klinefelter
syndrome, Turner syndrome,
etc.)

Diabetes mellitus type
3¢ (T3cDM) is referred to as
pancreatogenic diabetes, in
which primary damage occurs to
the Langerhans islets. This type
of DM has various causes with
differing clinical manifestations,
diagnostic approaches,
pathophysiology, and treatment
compared to type 1 or type 2 DM.

The pancreas is a
retroperitoneal organ, positioned
in relation to the spleen,
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duodenum, and major vessels such as the abdominal aorta
and inferior vena cava. A characteristic feature of pancreatic
function is the presence of both endocrine and exocrine
pancreatic secretion. Acinar pancreatic cells produce digestive
enzymes into the duodenal lumen, and insufficient acinar
function manifests as exocrine pancreatic insufficiency. The
endocrine function of the pancreas is carried out by the
Langerhans islets, which contain four cell types: alpha, beta,
delta, and pancreatic polypeptide cells. Alpha cells produce
glucagon, a hormone that stimulates gluconeogenesis and is
responsible for the development of hypoglycemic states. Beta
cells produce insulin and are involved in the uptake of glucose
by peripheral cells. Delta cells inhibit insulin and glucagon
release, while pancreatic polypeptide cells play an important
role in maintaining the function of hepatic insulin receptors
[2]. Proportionally, the pancreas contains approximately
20% alpha cells, 75% beta cells, 4% delta cells, and only 1%
pancreatic polypeptide cells. In individuals with T3cDM, the
Langerhans islets are damaged by glandular inflammation,
leading to tissue fibrosis [3]. Exocrine pancreatic insufficiency
affects nutrient absorption and incretin secretion. Insufficient
secretion from the islet cell groups, particularly the loss of
alpha and beta cell function, manifests as changes in glycemia,
including both hypo- and hyperglycemia. Loss of pancreatic
polypeptide cell function can result in hepatic insulin resistance
and impaired gluconeogenesis.

Type 3¢ DM may involve the production of certain
autoantibodies, such as antibodies against glutamic acid
decarboxylase (GAD) 65, protein tyrosine phosphatase (IA-
2A), zinc transporter 8 (ZnT8A), and insulin (IAA). These
autoantibodies may contribute to the loss of pancreatic islet
function.

The most common cause of T3¢DM is chronic pancreatitis
[4]. The prevalence of T3cDM among patients with chronic
pancreatitis is approximately 70% [3, 5]. The prevalence of
chronic pancreatitis in the general population is reported to
be 5-10 per 100,000 [6]. Chronic pancreatitis is defined as
a chronic, progressive inflammatory condition, ultimately
characterized by fibrosis of the pancreatic parenchyma,
with manifestations of exocrine and/or endocrine digestive
insufficiency. Currently, a new mechanistic definition of
chronic pancreatitis, published by Whitcomb et al. [7], is in
use. The progression of chronic pancreatitis, according to
this definition, is divided into five stages, labeled with capital
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letters from A to E. The first stage is asymptomatic, followed
by a stage of nonspecific symptoms, then the early form of the
disease, progressing to stage E, which represents the terminal
stage with irreversible changes. This stage is characterized
not only by exocrine pancreatic insufficiency but also by the
presence of T3cDM, as well as a potential risk of pancreatic
cancer developing on the background of chronic pancreatitis.

According to an English study [8], the diagnosis of T3cDM
was most commonly made in older adults, with a median
age of 59 years, of whom 58.9% were men. The median body
mass index (BMI) of the evaluated subjects was higher, at 29.2.
Interestingly, the study found a higher prevalence of T3cDM
compared to type 1 DM (2.59 vs. 1.64 per 100,000 population
per year) [8]. Acute pancreatitis is also a significant factor
in the development of T3cDM. In a study by Shen et al. [9],
evaluating 3,000 individuals with acute pancreatitis, the risk of
developing T3¢DM was found to be 2.5 times higher compared
to individuals without primary pancreatic disease. A study by
Penal et al. [10] showed that DM was diagnosed on average
two years before the diagnosis of pancreatic cancer. New-onset
DM can therefore be an early warning sign of pancreatic cancer.
Pancreatic ductal adenocarcinoma is associated with T3cDM in
approximately 8% of cases [3]. Among individuals with chronic
pancreatitis, often with glucose intolerance, pancreatic cancer
is detected in more than 60% of patients within five years of
the diabetes diagnosis [5]. Exocrine pancreatic insufficiency
is also a common feature in patients with cystic fibrosis.
T3cDM is one of the manifestations of this condition, and its
presence has a negative impact on survival in individuals with
cystic fibrosis [11]. Similarly, pancreatic cystosis, in which
pancreatic parenchyma is replaced by cystic formations, is also
a risk factor for the development of T3cDM [12]. Autosomal
recessive disorders, such as hereditary hemochromatosis
(characterized by liver cirrhosis, skin pigmentation, and DM)
[13], are etiologically linked to the development of DMs, most
likely due to pancreatic siderosis, although insulin resistance
and reduced insulin secretion may also play a role [14].
Another potential cause of T3cDM is surgical intervention
on the pancreas, particularly resection procedures [15]. The
incidence of postoperative DM is reported to range from 20%

to 50% following a Whipple procedure [16] and 60% or more
after distal pancreatectomy [17].

Clinical symptoms are primarily determined by the
underlying pancreatic disease that caused T3cDM. The presence
of pancreatic insufficiency, a hallmark of T3cDM, clinically
manifests as dyspepsia, nausea, vomiting, malabsorption
symptoms, and weight loss [4]. Patients with T3cDM may
present with signs similar to those seen in type 1 or type
2 DM, but T3cDM often manifests with more frequent
hypoglycemic episodes and glycemic fluctuations ranging
from hyperglycemia to hypoglycemia. Fasting C-peptide levels
can vary from low to normal [2]. Symptoms of hypoglycemia
can resemble non-cardiogenic syncope, including sweating,
tremors, confusion, and related signs.

In addition to acute, chronic, and cystic pancreatitis,
T3cDM is also observed in patients with pancreatic
adenocarcinoma [4]. Table I presents the characteristics of the
different types of DM.

The percentage distribution of specific diagnoses among
patients with T3cDM was reported by Cui and Andersen
[18]. Type 3¢ DM is most commonly associated with chronic
pancreatitis (76%), followed by pancreatic neoplasms (9%),
hemochromatosis (8%), cystic fibrosis (4%), and in relation
to pancreatic resection procedures (3%).

In diagnosis, a history of previous pancreatic disease
is an important piece of information. The finding of newly
detected dysglycemia is also significant [18]. According to
the ADA, markers recommended for diabetes diagnosis
include fasting glucose, oral glucose tolerance test, and
glycated hemoglobin (HbAlc) [19]. The ADA recommends
that the so-called standard criteria be supplemented in the
diagnosis of T3cDM with evidence of pancreatic insufficiency,
imaging findings of pancreatic changes, and the absence of
type 1 DM. Additional criteria include the absence of insulin
resistance, impaired incretin secretion, beta-cell dysfunction,
and negative antibodies against Langerhans islets or insulin,
including GAD-65 antibodies [20]. Insulin production, which
reflects the function of pancreatic beta cells, can be assessed by
fasting C-peptide levels, as C-peptide is produced in equimolar
amounts to endogenous insulin [21]. A target value for

Table I. Clinical and laboratory features of different types of diabetes

DM type 1 DM type 2 T3cDM
Hypoglycemia Frequent Rare Frequent
Ketoacidosis Frequent Rare Frequent
Insulin sensitivity Normal / Low Low Normal / Low
Hepatic insulin sensitivity Normal / Low Low Normal / Low
Insulinemia Very low High / Normal Normal / Low
Glucagon Normal / High Normal / High Normal / Low
Pancreatic polypeptide Normal / Low Normal / High Very low
GIP Normal / Low Variable Low
GLP-1 Normal Variable Variable
Typical etiology Autoimmune Obesity, age Cystic fibrosis

DM: diabetes mellitus; GIP: glucose-dependent insulinotropic polypeptide; GLP-1: glucagon-like
peptide-1; T3cDM: type 3¢ DM (associated with primary pancreatic disease).
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glycemic control has been set at HbAlc < 7% [22]. Alpha cell
dysfunction manifests as impaired glucagon production, but
due to glucagon heterogeneity, its levels cannot be measured
precisely.

Suspicion of pancreatogenic diabetes is highest in
individuals with chronic pancreatitis and PRSS1 gene positivity.
PRSS1 positivity is histologically characterized by the so-called
imaging triad, pancreatic atrophy, pancreatic calcifications, and
dilation of the pancreatic duct [23].

Currently, attention is being given to the measurement
of certain metabolites, which show different patterns across
diabetes types. One such metabolite is a product of partial
phosphatidylethanolamine hydrolysis, known as lysoPE. Its
specificity, however, is low. Tryptophan and its metabolites are
associated with type 2 DM, with individuals who have high
tryptophan levels also showing significantly higher insulin
resistance. A reduced basal tryptophan level is considered
a potential marker for the development of type 2 DM [24].
High concentrations of palmitoylcarnitine have been observed
in individuals with type 2 DM. A meta-analytic study of
46 prospective metabolomic studies focused on type 2 DM
recommended carnitine as part of a panel of 10 particularly
significant metabolites [25]. In patients with T3cDM and
type 2 DM, the serum level of the adipocytokine chemerin
was monitored. Its level in individuals with T3cDM was
significantly lower than in those with type 2 DM [26]. It is,
however, not yet clear how chemerin metabolism and activity
differ between pancreatogenic diabetes and type 2 DM, or
whether chemerin might influence insulin resistance. An
increase in inflammatory mediators, including TNF-alpha, IL-
6, and IL-1 beta, along with low chemerin levels were reported
[27-29]. Talukdar et al. [30] identified significant differences
in the composition of the gut microbiota among various types
of diabetes.

Patients with T3cDM had specific bacteria detected in stool
samples, such as Geobacter, Acinetobacter, Arthrobacter, and
Nesterenkonia, which were not observed in individuals with
type 1 or 2. A reduction in Ruminococcus bromii, an important
producer of butyrate, is associated with intestinal mucosal
integrity, specifically with disruption of the intestinal mucosal
barrier. Patients with chronic pancreatitis and concomitant
diabetes exhibit higher expression of lipopolysaccharides and
elevated levels of plasma endotoxin [29].

Non-pharmacological therapy includes abstinence
from alcohol and smoking, as both alcohol consumption
and smoking are significant factors in the progression of
inflammatory changes and potential disease progression
[30]. Non-pharmacological treatment strategies, particularly
in patients with diabetes, also include systematic education.

In the pharmacotherapy of individuals with T3cDM,
insulin administration represents a key component of
treatment. Management of this type of DM must clearly include
insulin therapy as part of the therapeutic armamentarium,
as well as treatment of exocrine pancreatic insufficiency,
the aim of which is to improve the absorption of fats and
fat-soluble vitamins. Administration of pancreatic enzymes
is an essential therapeutic measure. It addresses nutrient
malabsorption and improves nutrient absorption by replacing
insufficient pancreatic digestive enzyme secretion. It also
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influences secretin secretion, which significantly contributes
to improved glycemic control [31]. Metformin therapy is
effective in T3cDM, similarly to patients with type 2 DM,
also considering that metformin has a protective effect against
the development of pancreatic ductal adenocarcinoma.
Long-term metformin therapy is recommended, leading to
a reduction in insulin doses [32]. Insulin administration is
recommended. However, it must be used with caution due
to the more frequent induction of hypoglycemic episodes.
Insulin therapy is recommended in a format of gradually
increasing doses. Patients with T3cDM tend to experience
frequent hypoglycemic episodes despite typically having
elevated HbAlc levels. Therefore, insulin therapy requires
careful dose adjustment, with systematic glucose monitoring
being particularly important. The use of thiazolidinediones
carries a risk of pathological fractures and fluid retention,
and sulfonylurea agents may cause significant hypoglycemia.
Incretin-based therapy (glucagon-like peptide-1 receptor
agonists and dipeptidyl peptidase-4 inhibitors) is not used in
clinical practice. In patients with T3cDM, the use of sodium-
glucose cotransporter-2 (SGLT2) inhibitors should be avoided
due to the risk of ketoacidosis [33]. In all cases, patients with
pancreatogenic diabetes should be carefully and systematically
monitored throughout their treatment.

In the pharmacological management of T3cDM, four
treatment stages are described: 1) confirmation of the
diagnosis of T3cDM and exclusion of TIDM and T2DM; 2)
initiation of non-pharmacological management and, based
on laboratory results, introduction of therapy for exocrine
pancreatic insufficiency; 3) initiation of metformin in
moderate hyperglycemia (HbAlc < 8%) (if the response to
metformin is suboptimal, consider the use of a sulfonylurea,
thiazolidinedione, GLP-1 receptor agonist, or DPP-4 inhibitor
- their potential adverse effects were mentioned above); 4)
severe hyperglycemia (HbAlc > 8%) and initiation of insulin
therapy [34].

The use of insulin therapy in patients with a clinically
severe form of T3cDM who do not respond adequately to oral
medication is the standard of care [35].

In conclusion, T3cDM is a disease causally related to
pancreatic disorders [36], such as acute and chronic pancreatitis,
cystic fibrosis, hemochromatosis, pancreatic adenocarcinoma,
and surgical procedures involving the pancreas, particularly
resection. Early diagnosis of T3cDM may facilitate early
detection of pancreatic cancer. A characteristic feature of
T3cDM is the more frequent presence of microvascular
complications compared to macrovascular complications,
likely due to more frequent episodes of hyperglycemia. Diabetic
retinopathy is reported in 37% of cases, diabetic nephropathy
in 37%, and there is also a high prevalence of peripheral
vascular disease (26%) [37]. In diabetic nephropathy, an
important fact is that its underlying mechanism differs from
other mechanisms of hyperglycemia-induced damage. An
important feature of this type of DM is also the presence
of insulin resistance and differing insulin sensitivity, which
significantly aid in distinguishing between the various types
of DM. Early detection of T3cDM is crucial for the timely
initiation of effective therapy, appropriate monitoring, and
achieving optimal therapeutic outcomes.
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Early and accurate diagnosis of T3cDM, for example

through the determination of new serum biomarkers,
undoubtedly represents a major challenge in pancreatology.
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