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Abstract

The pancreas has dual functions, endocrine and exocrine, that complement each other and work closely together, contrib-
uting to the digestion, absorption, and metabolism of foods. More than a decade ago, it was demonstrated that pancreatic
exocrine insufficiency occurs in a significant number of patients with diabetes mellitus. Diabetes mellitus affects virtually every
organ system in the body, and the degree of organ involvement depends on the duration and severity of the disease, as well as
other co-morbidities. Gastrointestinal side effects include pancreatopathy, small intestinal bacterial overgrowth, oesophageal

dysmotility, gastroesophageal reflux disease, gastroparesis, neuropathy, and nonalcoholic fatty liver disease.

Introduction

Diabetes is a disease affecting the whole body. The
impact on individual organs depends on the duration
of diabetes, its severity, and concomitant diseases [1].
As for the digestive system, complications are most
likely to affect the pancreas, stomach, oesophagus,
and intestines. Abdominal symptoms in patients with
diabetes are becoming increasingly common because
the number of patients with diabetes is growing
steadily [2, 3]. About 75% of patients treated in dia-
betic outpatient clinics report persistent gastrointes-
tinal symptoms (Gl) [4]. The most frequently reported
Gl problems in those patients include constipation,
indigestion, abdominal pain, and gastroesophageal
reflux [5].

In this article, we discuss the pathology and diag-
nosis of pancreatopathy and exocrine pancreatic insuf-
ficiency in diabetic patients. Also, we present the most
common causes of abdominal symptoms in diabetes,
including small intestinal bacterial overgrowth (SIBO),
gastroparesis, diabetic neuropathy, gastroesophageal
reflux disease, and pancreatic cancer.

Exocrine pancreatic insufficiency
in diabetes patients

The pancreas has dual endocrine and exocrine func-
tions, complementary to each other for the digestion,
absorption, and metabolism of foods. More than a de-
cade ago it was demonstrated that pancreatic exocrine
insufficiency (PEI) occurs in a significant proportion of
diabetic patients [6]. Pancreatic dysfunction has been
proven not only in approximately 50% of patients with
insulin-dependent diabetes, but also in 30-50% of pa-
tients with non-insulin-dependent diabetes mellitus.
Also, there have been many studies confirming abnor-
mal pancreatic morphology and histology in such pa-
tients [7]. Similarly, damage to pancreatic islets leads
to secretory dysfunction and development of a specific
type of diabetes (type 3) [8].

There has been little research on PEl in diabetic
patients, and most studies were carried out on small
patient groups, in which pancreatic dysfunction was
interpreted as a complication of diabetes. Only a few
hypotheses point to exocrine pancreatic function as
diabetes-induced pancreatopathy [6]. Due to a lack of
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unambiguous results and conclusions, no guidelines or
therapeutic recommendations have been developed for
diabetic patients with pancreatic exocrine insufficiency.

Type 1 diabetes is driven by a primary autoimmune
process and is characterised by early occurrence, severe
insulin deficiency, long duration, and high incidence of
neurological and vascular complications. It seems to be
more often associated with PEI than with type 2. As for
type 2 diabetes, the following risk factors for exocrine
insufficiency have been suggested: early disease on-
set, long duration, and poor glucose control (expressed
specifically in terms of elevated glycated haemoglobin
(HbA,) level). Nevertheless, the impact of those fac-
tors was not statistically significant in every study. This
supports the hypothesis that long-lasting complicated
type 2 diabetes is associated with a higher degree of
microcirculatory damage, pancreatic fibrosis, and neu-
ropathy, and probably development of PEI [8].

In the largest prospective study conducted on
a group of 1231 diabetic patients, Hardt et al. observed
PEl in 697 (35%) patients with type 2 diabetes. It is
worth noting that the study did not exclude patients
with previous history of pancreatic disease, which may
have skewed the results [8].

Other studies, involving smaller numbers of pa-
tients, confirmed the incidence of PEl in 30-40% of pa-
tients with type 2 diabetes. Most studies also show that
the need for insulin therapy is associated with a higher
incidence and a more severe course of PEI [8].

Pancreatic insufficiency was more frequent in di-
abetic patients (36%) than in the control group (5%)
[9]. Diabetic or overweight (body mass index (BMI) over
25 kg/m?) patients have increased risk of exocrine pan-
creatic insufficiency [8, 9].

The knowledge about symptoms of pancreatic exo-
crine insufficiency in diabetic patients is low. Some
symptoms, such as abdominal pain, weight loss, nau-
sea, and diarrhoea, can also be attributed to other gas-
trointestinal diseases such as irritable bowel syndrome
(IBS), peptic ulcer disease, SIBO, and so on. Therefore,
many patients with PEI are not correctly diagnosed and
treated [10].

Diagnosis of pancreatic exocrine
insufficiency

Several types of diagnostic tests are used to as-
sess pancreatic exocrine function, including direct
and indirect tests. The advantage of functional tests
is that they allow the identification and evaluation of
pancreatic exocrine insufficiency at its early stages be-
fore advanced damage develops, signified by obvious
symptoms such as parenchymal calcifications or fatty
stools.
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The evaluation of elastase 1 activity in stool is an
example of an indirect test. Pancreatic elastase 1 is
a very specific human protease (proteolytic enzyme)
secreted by pancreatic cells within acini. Elastase 1 is
a very stable enzyme, which is not degraded in the al-
imentary tract, unlike other pancreatic proteases (e.g.
chymotrypsin), reflecting pancreatic secretory function;
for this reason, it is a good diagnostic test [8]. Indirect
testing for faecal elastase 1 applies monoclonal anti-
body detection (ELISA). This test shows high sensitiv-
ity, and its advantages include relatively low cost and
non-invasive character [11]. Faecal elastase 1 activity
over 200 pg/g is considered normal, reflecting normal
pancreatic exocrine function, while the activity with-
in the range of 100-200 pg/g is indicative of a slight
pancreatic exocrine insufficiency, and below 100 pg/g
suggests severe insufficiency [12].

Another diagnostic test evaluating pancreas func-
tion is serum lipase activity, which is an enzyme re-
sponsible for hydrolysis of triglycerides to di- and mono-
glycerides and fatty acids.

Endoscopic ultrasound (EUS) is considered one of
the most accurate diagnostic methods in pancreatic dis-
ease. It is used for morphological evaluation of the pan-
creas, which in combination with indirect tests allows
the comprehensive evaluation of the exocrine function.
Endoscopy may also provide treatment for patients with
pancreatic disorders, when medical therapy has proven
ineffective [13].

Causes of abdominal symptoms
in diabetic patients

Diabetic neuropathy and small intestinal
bacterial overgrowth

Functional disorders of the small and large intes-
tine are relatively frequent in patients with long-lasting
diabetes, especially complicated by gastroparesis [1, 4].
Diabetic neuropathy may present with symptoms such
as diarrhoea, constipation, or faecal incontinence. The
pathological basis for enteropathy is similar to that re-
sponsible for upper Gl symptoms. Advanced glycation
end-products (AGEs) result from prolonged elevation of
serum glucose level, causing damage to cellular DNA and
tissues. Neuronal damage and fibrosis of the intestinal
muscular layer lead to stasis [1]. Reduced intestinal mo-
tility promotes constipation, which in turn may cause
incontinence in some cases. As a consequence of bowel
content retention, small intestinal bacterial overgrowth
syndrome (SIBO) can ensue. Constipation alternating with
diarrhoea is typical for diabetic neuropathy. Diarrhoea is
usually painful; it may occur during the day, but usually
it occurs at night [14, 15]. The most common symptoms
can be observed in patients with poorly controlled diabe-
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tes, who show symptoms of peripheral and autonomic
neuropathy [16]. Other causes of diabetes-associated di-
arrhoea include pancreatic exocrine insufficiency or met-
formin use [1]. Those causes should be excluded before
the diagnosis of diabetic neuropathy is made.

Constipation is a problem for almost 60% of pa-
tients with long-lasting diabetes. Chronic hyperglycae-
mia impairs physiological function of the anal sphincter.
In such cases, endoscopy and diagnostic work-up for
SIBO are recommended, which can often accompany
intestinal content retention.

Small intestinal bacterial overgrowth is an abnor-
mal growth of the large intestinal bacteria within the
small intestine. Bacterial overgrowth in the intestines
can cause problems such as abdominal pain, bloating,
diarrhoea, and constipation. SIBO can be diagnosed
using a variety of methods, but because of its low cost
and non-invasive character, the hydrogen breath test is
the most widely available study [17]. It is based on hy-
drogen detection, which forms in the intestines as a re-
sult of carbohydrate fermentation by bacteria. Through
circulation, the hydrogen passes into the alveoli and is
excreted by the respiratory system. The human body
does not produce hydrogen when there is a physiologi-
cal balance of intestinal bacteria, and thus its presence
clearly indicates bacterial overgrowth.

Treatment of diarrhoea caused by diabetic neuropa-
thy is symptomatic, focusing on maintaining water and
electrolyte balance and normoglycaemia [1]. Chronic
use of anti-diarrhoeal medication is not recommended.
Use of rifaximin is recommended. It is a non-absorbable
antibiotic, administered orally, with a broad spectrum
of activity including Gram-positive, Gram-negative, aer-
obic, and anaerobic bacteria, and it is recommended in
SIBO [18]. After a rifaximin course, patients show 84%
reduction in non-physiological bacterial flora [1].

Gastroparesis

Gastroparesis is one of the most common compli-
cations of diabetes, causing abnormal gastric emptying
in the absence of physical obstruction. The incidence
of gastroparesis in the diabetic population is 5.2% per
10 years for type 1 and 1% for type 2 diabetes, but it
is definitely higher compared to the general population
(0.2%). The incidence of this complication is higher in
women. Based on a recent study, obesity was suggested
to be a significant independent risk factor for gastropa-
resis in patients with type 2 diabetes and neuropathy [1].

The pathogenesis of gastroparesis is multifactorial
and not fully understood [1]. Delayed gastric emptying
is the first symptom of diabetic gastroparesis. Other
symptoms include nausea, vomiting, early satiety, flat-
ulence, and abdominal pain. About 53% of patients

report weight loss, and a further 18-24% report gain
weight [1].

Diagnosis of gastroparesis, according to the Amer-
ican Gastroenterological Association (AGA) guidelines,
is based on a detailed patient history, physical exam-
ination, and blood tests (such as thyroid hormones and
amylase); gastroscopy is indicated to to rule out me-
chanical obstruction [1]. In abdominal pain, ultrasound
is also recommended to assess the gallbladder for po-
tential gallstones. The diagnosis of gastroparesis can
also be confirmed by gastric scintigraphy, which allows
an evaluation of the passage of food and track stomach
emptying [1, 3].

Treatment of gastroparesis consists of modification
of eating habits, pharmacotherapy, weakening of gag
reflex, psychological care, or surgical treatment. Gen-
eral nutritional recommendations for delayed gastric
emptying focus on maintaining water and electrolyte
balance and normoglycaemia, promoting liquid meals,
reducing fat and hard-to-digest fibre intake, reducing
energy-rich meals, and preferring many smaller meals
during the day [1].

The recommended pharmacotherapy for gastropare-
sis includes prokinetics, which enhance stomach motility
and accelerate emptying. Other medications include the
following: Metoclopramide — it shows antiemetic activity,
reduces nausea and postprandial early satiety, and in-
creases gastroesophageal sphincter tone; Ondansetron -
it is a selective antagonist of 5-HT3 serotonin receptors
in the CNS and in the vagal nerve endings; Domperidone
— it has an effect similar to metoclopramide, but shows
less CNS side effects; Erythromycin may also be used in
therapy to shorten gastric emptying time.

Mearin et al. point out pyloric contraction as a factor
delaying gastric emptying [1, 14]. Endoscopic injection
of botulinum toxin causes pyloric paralysis, which result-
ed in faster gastric emptying for 3-6 months in women
with idiopathic gastroparesis as well as in older men
with vomiting. However, surgical intervention is rarely in-
dicated, and it is mainly used for people with persistent
symptoms despite adequate medical treatment [1].

Gastroesophageal reflux disease

Some studies indicate that gastroesophageal reflux
disease (GERD) is more common in diabetic patients
than in non-diabetics [19-21].

Based on endoscopic studies, up to 42% of type 2
diabetes patients develop gastroesophageal reflux dis-
ease [21]. In those studies, patients with concurrent dia-
betes and gastroesophageal reflux disease tended to be
younger, with a shorter duration of diabetes, were taller,
and had greater body mass. There was also a significant
relationship between GERD and gender, showing that
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the complicated form of GERD was more frequent in
men. However, there are no significant associations be-
tween the presence of reflux disease and other diabetic
complications [21].

Gastroesophageal reflux disease not only affects the
patients’ quality of life, but also increases the risk of oe-
sophageal adenocarcinoma [22]. The main pathomech-
anism of GERD is a transient relaxation of the lower
oesophageal sphincter. Research has shown that over-
weight and obesity are important risk factors for gastro-
esophageal reflux disease. One of the mechanisms con-
sists of obesity leading to an increased gradient across
the gastroesophageal sphincter, predisposing for hia-
tus hernia and increased intrabdominal pressure [22].
Some diabetic patients, especially those with type 2
diabetes, are obese, this suggests why diabetes patients
may have GERD [22].

Pancreatic cancer risk in diabetes
patients

Long-lasting diabetes causes a twofold increase in the
risk for pancreatic cancer. Therefore, this group of patients
requires special attention considering pancreatic diseas-
es. As far as pancreatic cancer patients are concerned,
50% of them develop diabetes, which indicates a correla-
tion between diabetes and pancreatic cancer [20].

The most common and fatal type of pancreatic
cancer is pancreatic adenocarcinoma (PDAC), which is
closely associated with diabetes mellitus. Among 100
patients diagnosed with lung, breast, colon, prostate, or
PDAC, 68% of PDAC patients had concurrent diabetes,
whereas the incidence of diabetes in other cancers was
15 to 21% [23]. Long-lasting type 2 diabetes is a risk
factor for pancreatic cancer, but the latest epidemio-
logical data suggest that PDAC can lead to diabetes in
a mechanism yet unknown [23]. Importantly, in 74-88%
of patients with pancreatic ductal adenocarcinomas
and concurrent diabetes, diabetes developed less than
24 months before the diagnosis of cancer [23]. Those
facts suggest that diabetes and pancreatic cancer can
show mutual coincidence. Long-lasting type 2 diabetes
is a risk factor for developing pancreatic cancer, and, in
turn, PDAC can probably cause diabetes. The mecha-
nisms for this mutual relationship are still unclear, and
so are the diagnostic criteria for diabetes occurring as an
early complication of pancreatic cancer [23].

Pancreatic exocrine insufficiency usually precedes
diabetes in patients with a history of acute or chron-
ic pancreatitis [23]. Each episode of acute pancreatitis
may trigger transient glucose intolerance and increases
the risk of diabetes later in life [23].

The incidence of diabetes among patients with pan-
creatic cancer is extremely high. In a study including
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512 PDAC patients and 933 control volunteers, diabetes
was diagnosed in 47% of cancer patients compared to
only 7% in the control group. In 74% of patients with
pancreatic cancer, the onset of diabetes was within
24 months before the diagnosis of cancer, often at the
time when the tumour was already detectable on imag-
ing. It suggests that, in many cases, newly diagnosed dia-
betes can be precipitated by a pancreatic cancer and may
be the first signal warranting oncological workup [23].

A new Polish study relates to
abdominal symptoms in diabetic
patients with special focus on
pancreatic exocrine insufficiency

The relationship between pancreatopathy and dia-
betes was established 70 years ago, but the scope of
this relationship has not been fully understood until re-
cently. In a large-scale study on diabetic patients, 51.1%
of type 1 and 35.4% of type 2 diabetes patients showed
reduced faecal elastase 1 activity, which is an indirect
test for the evaluation of pancreatic exocrine function
and gastrointestinal complaints. In 17.8% of all dia-
betic patients, mild impairment of exocrine pancreatic
function was observed, and another 22.9% had severe
pancreatic dysfunction. The results as well as the cor-
relation between faecal elastase 1 activity and diabetes
duration lead to the conclusion that faecal elastase 1
and pancreatic secretory capacity should be regularly
monitored in this group of patients [10].

Faecal elastase 1 testing has also been implement-
ed in an ongoing Polish study conducted at the Clinical
Department of Internal Medicine and Gastroenterology,
CSK MSWiA, Warsaw, aiming to evaluate the causes of
abdominal symptoms in diabetic patients with a special
focus on pancreatic exocrine dysfunction. It is a pro-
spective, cohort, non-randomised study, including 231
patients with type 1 or 2 diabetes. Seventy-seven pa-
tients were excluded from the study because of a pre-
vious history of pancreatic diseases, alcohol abuse, or
smoking. Sixty-seven patients met the inclusion criteria
such as the presence of significant abdominal symp-
toms, while 87 patients from the study group did not
present any significant complaints. Further analysis
was conducted on 50 patients; 30 of them presenting
abdominal symptoms (test group) and 20 without any
symptoms (control group). In all patients, HbA , faecal
elastase 1, lipase, and hydrogen breath test were ob-
tained. In the test group, there was a decrease in elas-
tase 1 concentration below 200 pg/g in 13.33% of di-
abetic patients, compared to 15% in the control group.
In contrast, an increased elastase 1 activity above
60 U/l was found in 40% in the test group compared to
15% in the control group. Hence, we can assume that
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changes in lipase and FE-1 in diabetic patients may re-
flect development of pancreatopathy in the course of
diabetes, or so-called diabetic pancreatopathy, or chron-
ic pancreatitis [20].

In this study the authors also applied diagnostic work-
up for SIBO including hydrogen breath test (with the test
group of 30 patients and the control group of 20). In the
test group, SIBO was more frequent in patients with ab-
dominal symptoms (66.67%) than in the control group
(15%). However, there was no relationship between lipase
level or FE-1 and abdominal symptoms such as consti-
pation, diarrhoea, gastroesophageal reflux, dyspepsia, or
abdominal pain [19]. The results indicate that abdominal
symptoms in diabetic patients are more commonly asso-
ciated with bacterial overgrowth (SIBO) [19].

Summary

Managing abdominal symptoms in diabetic patients
is difficult because their exact pathomechanism is still
unknown. There are few publications and studies on this
subject, as well as a lack of guidelines and therapeutic
recommendations for this group of patients. Gastroin-
testinal symptoms, although reported by patients, often
remain undiagnosed and ignored, which only hinders
further management. In most cases, those symptoms
are attributed to diabetic neuropathy by default. In a re-
cent Polish study, preliminary results show that abdom-
inal symptoms in diabetic patients are more commonly
associated with bacterial overgrowth (SIBO) [19].

A professional approach to gastrointestinal compli-
cations is important to improve quality of life, as well as
to provide appropriate monitoring and a high standard
of care for diabetic patients.
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