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‘Autonomic dysfunction is often perceived as a black box of
nebulous disorders, often not easily differentiated from
variants of normality’ [1]. On the one hand, this sentence is
still absolutely valid: most consequences of autonomic neuro-
pathy are mild and silent. However, on the other hand, at the tip
of the iceberg, there are very severe manifestations of autonomic
dysfunction, such as sudden death and gastroparesis.

In addition to cardiovascular autonomic dysfunction, gas-
trointestinal manifestations of autonomic neuropathy are com-
mon and relevant [2]. There are multiple levels of regulation in
the gastrointestinal tract: the central, autonomic and enteric
nervous systems and the interstitial cells of Cajal (mainly
‘pacemaker cells’). The gut microbiota are also important.
Moreover, many other factors probably affect gastrointestinal
motility, including duration of diabetes, hyper- and
hypoglycaemia, electrolyte disturbances, malnutrition and
medications such as metformin, acarbose and glucagon-like

peptide-1 analogues. The companion piece in this issue by
Fernando Azpiroz and Carolina Malagelada discusses these
aspects in more detail [3].

Data on the prevalence of gastrointestinal symptoms are
inconsistent, but symptoms are generally very common, espe-
cially in women with diabetes. Differences in methodology
may partly explain the conflicting results. Overall, the rela-
tionship between symptoms and altered gastrointestinal mo-
tility is relatively weak [4]. The frequency of symptoms is
much higher, often 100%, when data are reported by a gastro-
enterologist, but much lower if reported by a diabetologist.
Fluctuating glucose levels and poor quality of life are the main
consequences of impaired gastrointestinal function. Altered
pharmacokinetics of drugs, insufficient or very variable
absorption of important nutrients (potentially leading to
malnutrition), impaired postprandial regulation of blood
pressure, increased risk of gallstone formation and
higher prevalence of gastrointestinal infections are other
important consequences.

The paradox of dissociation of neuropathic gastrointestinal
symptoms from objective evidence of neuropathic dysfunc-
tion is common. On the one hand, the absence of symptoms
in patients with demonstrable markedly disordered gastric
emptying may reflect an afferent nerve defect due to neurop-
athy. On the other hand, patients with symptoms have good
evidence of visceral hypersensitivity, even though abnormal-
ities of gastric emptying are not demonstrated on formal test-
ing. Moreover, actual ambient glucose levels might influence
the perception of gastrointestinal symptoms in central neuro-
nal structures. These important facts contribute to the disso-
ciation between subjective symptoms and objective motility
findings.

Up to 50% of diabetic patients have some disorder of
oesophagus motility. Reflux is frequently observed as a result
of decreased tone of the lower oesophageal sphincter. The
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association between autonomic neuropathy and alterations of
oesophageal motility is controversial.

Diabetic gastroparesis

An increased rate of stomach emptying may be present
among patients with short diabetes duration without
neuropathy [4]. Slower gastric emptying is present in the
majority of diabetic patients with gastrointestinal auto-
nomic neuropathy, as a consequence of reduced antral
contractions, lack of migrating motor complexes (MMC)
and antro-pyloro-duodenal incoordination [5]. Damage to
the interstitial cells of Cajal also contributes to gastric
dysrhythmias. The most characteristic symptoms are post-
prandial fullness, early satiety, nausea and vomiting,
bloating and abdominal pain. Although a clear relation-
ship between higher HbA1c levels and the development
and severity of gastroparesis has not been observed, poor
glycaemic control is frequently the only manifestation of
gastroparesis [6]. Postprandial hypoglycaemia, also
known as gastric hypoglycaemia [7], may occur as a con-
sequence of delayed food absorption in insulin-treated

patients, usually among those with long-standing diabetes.
Gastroparesis should be considered as the underlying
mechanism in patients with otherwise unexplained periods
of hypoglycaemia followed by hyperglycaemia, and
should be excluded before establishing a diagnosis of
brittle diabetes.

Acute myocardial infarction is frequently painless or
silent in diabetic patients with autonomic neuropathy
and is always associated with a rapid rise of blood
glucose values [8, 9]. Acute hyperglycaemia leads to
a rapid slowdown of gastric motility. Thus, an acute
myocardial infarction should always be considered in
a patient with rapid unexplained hyperglycaemia or
ketoacidosis. As a consequence, acute myocardial infarc-
tion is particularly frequently associated with vomiting in
diabetic patients.

Figure 1 summarises schematically the diagnostic ap-
proaches for gastroparesis and diabetic enteropathy. The
symptoms of patients with upper and lower diabetes-
related gastrointestinal motility disorders may overlap
[10], and the underlying mechanisms or cellular and histo-
logical alterations are also similar. Thus, if gastroparesis
has been diagnosed, investigations of lower gastrointestinal
motility disorders should be considered, and vice versa.
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Fig. 1 Diagnostic approach for gastrointestinal motility disorders related to diabetic autonomic neuropathy. GI, gastrointestinal; IBD, inflammatory
bowel disease
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Diabetic enteropathy

It is quite common for hyper- and hypofunction to occur si-
multaneously in several manifestations of diabetic neuropathy.
Regarding sensory nerve function, hypoaesthesia is frequently
preceded by hyperaesthesia [11]. Hyperfiltration can be ob-
served in the early phase of diabetic nephropathy, while de-
creased glomerular filtration rate is the usual finding in later
phases. In diabetic enteropathy, such a sequence of disorders
is not usual. However, consequences of gut hypo- and hyper-
function are often observed simultaneously [12]. Constipation
is the usual finding; however, paroxysmal nocturnal diarrhoea
is also a characteristic finding of enteropathy. Obviously, other
potential causes leading either to constipation or diarrhoea
should be excluded. The lack of MMC phase 3 and antro-
duodenal incoordination are considered to be autonomic ma-
nifestations [13]. As a third leading symptom, faecal inconti-
nence may occur. External anal sphincter weakness and
anorectal incoordination are thought to be consequences of
parasympathetic autonomic or central nervous dysfunction.
A diagnostic approach for diabetic enteropathy is summarised
in Fig. 1.

Several decades ago, gallbladder function was assessed by
intravenous cholangiography, and the large, poorly
contracting gallbladder with gallstones was the characteristic
finding of autonomic involvement. Nowadays, cholangiogra-
phy has been replaced by ultrasonography. We should be very
careful when viewing ultrasound scans, as the large gallblad-
der with stones can be easily misinterpreted as a sign of acute
inflammation.

The most common digestive complications of diabetes are
impaired gastric motility, bowel dysfunctions and abdominal
pain, and the therapeutic options for these complications are
reviewed by Hans Törnblom in this issue [14].

In summary, the complexity of the neural regulation and
the high number of reversible and irreversible pathogenetic
factors modulating digestive and motility functions contribute
to the diversity of the gastrointestinal manifestations in diabet-
ic patients.
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