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Introduction

Diabetic neuropathy, a common occurrence in
neurology, is the most common variety of neuropa-
thy observed in industrialized countries and perhaps
even in the world. It is a disease that recognizes
inadequate control or long duration of diabetes as
risk factors and one of the features that set it apart
from many other neurological diseases is its clinical
polymorphism whose most common form is distal
symmetrical polyneuropathy. 

An accurate and especially early diagnosis of
diabetes is critical, because the assessment of the
prognosis and choice of treatment depend on the
degree of metabolic disorder, and this is supported
by the fact that in recent years attention has been
placed on a possible association between an unman-
ifest sensory polyneuropathy and impaired glucose
tolerance in the absence of overt diabetes, hyper-
glycemia or increased glycosylated hemoglobin.

It can also be said that diabetic neuropathy is
an increasingly spreading pathology correlated with
incorrect lifestyles typical of modern society.

Neurophysiology of the peripheral nervous sys-
tem 

The PNS consists of all the neural structures
that are outside the pial membrane of the spinal
cord and brainstem. The portions that must be con-
sidered are the roots of the spinal nerves: the poste-
rior sensory (or afferent) roots, formed by the axon-
al extensions of the cells of the spinal and cranial
ganglia; the anterior motor (or efferent) roots,
formed by axons that exit the anterior and lateral
horns and by the motor nuclei of the brainstem. The
larger fibers reach the muscle fibers, while smaller
ones reach the sympathetic and parasympathetic
ganglia. The axons branch out of these, terminate in
the smooth muscles, heart and glands, and form the
autonomic system.

The myelinated nerve fibers are covered by a
nerve sheath, which takes the name of myelin,
which has a different composition in the PNS, as it
is formed by Schwann cells, compared to the CNS,
where it consists instead of oligodendrocytes. The
unmyelinated fibers, quantitatively greater than
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myelinated ones in the peripheral nerves, also origi-
nate from the cells of the dorsal root and from the
ganglia of the autonomic nervous system.

The peripheral nerves include the cranial
nerves, spinal nerves, the ganglia attached to the
dorsal roots, the peripheral nerve trunks and their
terminal branches, and autonomic nervous system.

The nerves are divided into:
• wide and myelinated axons (motor axons and

axons responsible for vibration, proprioception and,
in part, tactile perception);

• small and myelinated axons (fibers of the
autonomic nervous system and sensory axons
responsible for tactile, thermal and pain percep-
tion);

• small unmyelinated axons (sensory axons,
specialized in conveying some subtypes of pain and
thermal information).

Each damaged cell shows a specific vulnera-
bility to various pathological processes so that some
toxins selectively damage the membranes that form
the myelin sheaths and cause demyelination leaving
the axons relatively intact (demyelinating neu-
ropathies), while others, conversely, cause specific
damage to the axons or cell body with the forma-
tion of axonal neuropathies or neuronopathies. In
certain cases, there may be instead so-called
Wallerian degeneration, in which there is degenera-
tion of both the axon and myelin distally to the
breakpoint of the axon.

The functional recovery time can be rapid, as
in the case of segmental demyelination, because the
axon is intact and only needs to be remyelinated, or
it can be very slow, as in the case of Wallerian
degeneration in which months or even years may be
needed because in this case it is the axon that must
regenerate (1 mm a day). 

Depending on the lesion site, the causal fac-
tors, duration of action of the pathogenic agent,
individual susceptibility, coexistence of multiple
causal factors, the symptoms typical of PNS dis-
eases can be motor, sensory, reflex, vegetative and
trophic. 

The sensory symptoms most commonly
reported by patients are described as tingling,
numbness, bites, pangs, pinching, itching, and elec-
tric shock. In some neuropathies (like diabetic neu-
ropathy) there is pain that is described in different
ways and expressed as burning, stinging or even
stabbing as in tabes dorsalis.

Another important category of symptoms con-
sists of vegetative disorders including anhidrosis

and orthostatic hypotension; other vegetative symp-
toms are: abnormal pupillary reactivity, disorders of
sweating, erectile dysfunction and sphincter distur-
bances. 

Typically, in all neuropathies, the reduction or
absence of the osteotendon reflexes is observed as
generic signs of disease of the peripheral nerve.
Alterations in trophism are finally due to denerva-
tion in case of interruption of the motor nerve
trunks and often are associated with analgesia in the
distal districts of the limbs, which makes them sus-
ceptible to burns, pressure sores and other forms of
traumatic injury .

Epidemiology

Given that diabetic neuropathy may compli-
cate any type of diabetes(1), the incidence of neu-
ropathy increases with the duration of diabetes,
especially when it exceeds five years(2) in non-
insulin-dependent diabetes. No evidence of neu-
ropathy has been found in 8% of patients, at the
time of diagnosis of diabetes and in 50% of patients
re-examined twenty-five years later(3). The main risk
factors identified are: duration of diabetes, its poor
control, male sex, and weight of the patient. In
addition to these, there is the role of individual sus-
ceptibility, as neuropathy may also occur in 2-3
years that follow the appearance of insulin-depen-
dent diabetes poorly compensated in particularly
predisposed individuals(4,5).

In a recent American study conducted by
Harris on 2,405 diabetic subjects out of a sample of
85,000 people aged over 18 years, 28.2% of the
patients felt distal numbness, 26.8% pain or tingling
and 9.8% decreased sensitivity to hot or cold. It
should be emphasized that the incidence of each of
these symptoms increased with the duration of non-
insulin dependent diabetes(6).

The incidence of new cases of diabetic neu-
ropathy is about six cases a year every 100 patients
with diabetes mellitus of both type 1 and type 2.
Probably, however, this is an underestimate, since
about 1/3 of the cases of diabetes remains undiag-
nosed. 

Diabetic neuropathy also has significant eco-
nomic costs for society. The high rate of diabetic
neuropathy causes a substantial morbidity due to
recurrent infections of the lower limbs, ulcers and
amputations. Diabetic patients with foot problems
spend more days in hospital than those with any
other diabetic complication.
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The cumulative risk of lower extremity ampu-
tation is 11% twenty-five years after the diagnosis
of diabetes.

A prevalence study conducted in Sicily also
highlighted the relatively high frequency of periph-
eral neuropathies and in particular diabetic neu-
ropathy: 7% of the population responded positively
to the initial screening exams and diabetic neuropa-
thy was diagnosed in 0.3% of the population(7). In
some retrospective studies, it has been noted that
4% of diabetics developed peripheral neuropathy
within 5 years of diagnosis, after twenty years, the
prevalence rose to 15%(8).

Another study based on sensory symptom cri-
teria in the hands and feet, and on reduced/no ten-
don reflexes in patients with insulin-dependent dia-
betes found a prevalence of distal symmetrical
polyneuropathy of 34%, which increased to 58% in
diabetic patients for over 30 years(9). The same
study in patients with non-insulin-dependent dia-
betes, combining criteria based on decreased or
absent thermal sensitivity, found a prevalence of
26%(10).

Nerve conduction velocity was also measured
in over 1000 at the beginning of a recent study and
five years later, and a comparison was made
between patients receiving conventional and inten-
sive treatment: the intensive treatment of diabetes
lowered the risk of developing neuropathy by more
than 60%(11). As regards nerve conduction velocity,
significant differences were found between the
intensive and conventional treatment groups: the
intensively treated group showed a greater sensory
and motor conduction velocity and less F wave
latency than the conventional treatment group.
Moreover, while most of the neurophysiological
variables worsened over time in patients receiving
conventional therapy, these remained stable or
showed a modest improvement in the intensive
treatment group(12).

Etiopathogenesis

The causes that lead to the development of
neuropathy in diabetic patients have not been
defined yet. Therefore, various hypotheses have
been formulated which provide a good representa-
tion of the multifactorial nature of the process. One
of the most accredited among these is the polyol
pathway: hyperglycemia and the resulting increased
levels of intracellular glucose in the nerves leads to
saturation of the normal glycolytic pathway.

Then, the excess glucose is deflected towards
the polyol pathway and converted into sorbitol and
fructose by aldose-reductase and sorbitol dehydro-
genase, which, in excessive doses, lead to an alter-
ation of the ion transport function of the membrane
resulting in a reduction of Na+/K+-ATPase activity
with consequent reduced axonal transport (due to
alteration of the processes of depolarization/repo-
larization), structural decomposition of the nerves
and abnormal propagation of the action potential(13).

A second hypothesis to be considered is the
formation of advanced glycosylation end products
(AGE): the advanced glycosylation triggered by the
non-enzymatic reaction of excess glucose with pro-
teins, nucleotides and lipids may play a role in
altering neuronal integrity and in repair mecha-
nisms interfering with the metabolism of the nerve
cells and with axonal transport(14).

Another mechanism that contributes to nerve
damage and is the third pathogenetic hypothesis is
that of oxidative stress: it would result from
increased production of free radicals. In fact, the
process by which they damage the nerve is not well
known, but it is known with certainty that there is a
direct damage to the blood vessels leading to
ischemia of the nerve and the facilitation of AGE
reactions(15).

Other possible contributing mechanisms con-
sist of alterations in gene expression and altered
cellular phenotypes, some alterations of cellular
structures such as the composition of the cytoskele-
ton or cellular transport, and finally the ischemic
phenomena of the nerve.

Genetic factors also have a significant impor-
tance in the genesis of damage: these could explain
how some diabetic patients, despite good glycemic
control, develop microvascular complications,
while others with poor glycemic control do not.
Similarly, also the cardiovascular risk factors, such
as hyperglycemia, hypertension, hyperlipidemia,
smoking and obesity, contribute to the microan-
giopathy, which is also affected by coagulation and
hematological factors(16).

The loss of nerve fibers is the cause of the
reduced sensitivity that is observed characteristical-
ly in patients with diabetic neuropathy(17) and this
can be confirmed by sural nerve biopsy, which, in
addition to this reduction, also shows microvascular
alterations in the endoneural vessels as a substantial
thickening of the basal membrane, endothelial cell
proliferation and hypertrophy(16) in combination
with reduced oxygen tension(18).



The reduction of blood flow results in the
reduction of conduction velocity as is shown in
some studies(19) in which nerve conduction velocity
is measured after an activity that has led to an
increase in cardiac output by 80%: this increase
produced an improvement of more than 5 m/sec in
the motor conduction velocity in healthy patients
and 4 m/sec in diabetic patients without neuropathy.
The same exercise does not increase the conduction
velocity in patients with neuropathy because the
nerve is not able to increase the blood flow in
response to exercise.

A more recent study on the changes of the ves-
sels of sural nerve in acute diabetic neuropathy has
shown the possible onset of painful neuropathic
symptoms as a result of acute insulin neuritis due to
the rapid improvement of blood glucose levels(20).
This acute insulin neuritis was found to be associat-
ed with proliferative changes, which consist in the
development of a dense neovascularization on the
nerve surface, as happens in the retina of diabetic
patients(20). 

Ultimately, if we wish to classify the patho-
physiology based on the main clinical presenta-
tions, it should be noted that ischemia is the main
factor in focal and multifocal neuropathies, and
metabolic disorders are dominant in the distal sym-
metrical forms of diabetic neuropathy. 

In the light of inflammatory lesions detected in
some nerve biopsies during proximal neuropathies,
it is also possible that the inflammatory lesions,
sometimes with vasculitis, are involved in a certain
percentage of focal diabetic neuropathies(21). Cases
of cranial neuropathy are to be taken into account.
These are sometimes due to demyelinating process-
es and rare forms of paroxysmal headache, of stab-
bing type, with which it is necessary to perform dif-
ferential diagnosis(22-23).

There is also a recent pathogenic hypothesis,
which involves matrix metalloproteases: in particu-
lar, metalloproteinase-2 (MMP-2) and metallopro-
teinase-9 (MMP-9) would be overexpressed in dia-
betic patients with neuropathy and this would lead
to an accelerated degradation of the extracellular
matrix in the vessels with damage to the vascular
bed and to the supply of nutrients to the sensory
nerve fibers(24).

Finally, the different pathogenic, metabolic,
and hypoxic hypotheses and the conduction distur-
bances must also take into account the prevalence
of sensory and autonomic disorders over motor dis-
orders in diabetic neuropathy.
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