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Abstract: Diabetes mellitus (DM) is one of the most common metabolic diseases, and the number of cases
has increased worldwide. According to the International

Diabetes Federation (IDF), the number of patients with diabetes will increase from 387 million in 2014 to
592 million in 2035. With a global prevalence of 8.3%, DM represents a worldwide problem [1]. Diabetic
neuropathies are the most prevalent chronic complications of diabetes. This heterogeneous group of
conditions affects different parts of the nervous system and presents with diverse clinical manifestations.
Chronic sensorimotor DPN is the most common form of DN.3-5 A major symptom in DN patients is pain
arising as a direct consequence of abnormalities in the peripheral somatosensory system in people with
diabetes. 4 The symptoms can be present as severe numbness, paresthesia, or hyperesthesia, however, DPN
may be asymptomatic in about 50% of patients 5 and as the DPN progresses, the painful symptoms usually
disappear although they have a substantial impact in quality of life (QoL).
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Diabetic peripheral neuropathy (DPN) is the most prevalent and troublesome complication in patients with
diabetes mellitus (DM), causing morbidity with significant impact on the quality of life of the person with
diabetes, and can result in early death.3

Diabetic neuropathy (DN), which may be focal or diffuse, is diagnosed when diabetic patients complain of
symptoms and/ or show signs of peripheral nerve dysfunction after the exclusion of other etiologies. 3 Chronic
sensorimotor DPN is the most common form of DN.3-5 A major symptom in DN patients is pain arising as a
direct consequence of abnormalities in the peripheral somatosensory system in people with diabetes. 4
Pathophysiology Metabolic and vascular factors and impaired nerve

repair mechanisms are likely to contribute to the pathogenesis of diabetic neuropathy.

Metabolic risk factors

Metabolic factors that have been implicated in the pathogenesis of diabetic neuropathy include the
following:

e Advanced glycosylation end - products (AGEs) : AGEs are formed by non - enzymatic combination of
some of the excess glucose with amino acids in proteins. Advanced glycosylation of essential nerve

proteins has been implicated in the pathogenesis of diabetic neuropathy.
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Figure 1—Mechanisms of diabetic neuropathy. Factors linked to type 1 diabetes (yellow), type 2 diabetes
(blue), and both (green) cause DNA damage, endoplasmic reticulum stress, mitochondrial dysfunction,
cellular injury, and irreversible damage. The relative importance of the path- ways in this network will
vary with cell type, disease profile, and time. ER, endoplasmic reticulum; FFA, free fatty acids; PI3-K,
phosphatidylinositol-3 kinase; RNS, reactive nitrogen species; ROS, reactive oxygen species. Adapted and
reprinted from Callaghan et al. (20), with permission from Elsevier.

e Sorbitol: glucose that enters cells is metabolized in part by the enzyme aldose reductase to sorbitol. This
process is more pronounced with chronic hyperglycemia. The accumulation of intracellular sorbitol in tissues
such as peripheral nerves results in a rise in cell osmolality, a decrease in intracellular myoinositol and Na —

K - ATPase activity, and a

slowing of nerve conduction velocities.

e Oxidative stress: hyperglycemia results in the accumulation and stabilization of reactive oxygen species,
which may damage peripheral nerves.

Vascular risk factors

Morphological abnormalities of the vasa nervorum (small arterioles supplying the nerves) are present early in
the course of diabetic polyneuropathy, and parallel the severity of the nerve fiber loss.

Clinical presentations

Diabetic neuropathy may manifest as:

e distal symmetrical polyneuropathy

e polyradiculopathy

e mononeuropathy

e autonomic neuropathy.

Distal symmetrical polyneuropathy

Distal symmetrical polyneuropathy is the most common form of diabetic neuropathy. (1,3). Patients may
present with distal (glove and stocking distribution)

sensory loss or paraesthesia, i.e. a sensation of numbness, tingling, burning or sharpness that starts in the feet
and spreads proximally. Some patients develop neuropathic pain, typically involving the lower extremities,
usually at rest and

worst at night. This is occasionally preceded by improvements in glycaemic control. Painful diabetic
neuropathy may be acute (lasting less than 12
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months) or chronic. Signs of distal symmetrical polyneuropathy include loss of pinprick, temperature,
vibration and joint position sensation, and diminished ankle

reflexes.

A simple definition of DSPN for clinical practice is the presence of symptoms and/or signs of peripheral nerve
dysfunction in people with diabetes after the exclusion of other causes. Experimental studies suggest a
multifactorial pathogenesis of DSPN (Fig. 1), but the causes remain unknown (34-37). A prevailing view of
the pathogenesis is that oxidative and inflammatory stress may, in the context of metabolic dysfunction,
damage nerve cells (34-37). Estimates of the incidence and prevalence of DSPN vary greatly (25,38-40),
but evidence from several large observational cohorts (41,42) and the DCCT/ EDIC (27,43) suggests that
DSPN occurs in at least 20% of people with type 1 diabetes after 20 years of disease duration. DSPN may be
present in at least 10%—-15% of newly diagnosed patients with type 2 diabetes (44,45), with rates

increasing to 50% after 10 years of disease duration (25,26). Rates in youth with type 1 and type 2 diabetes
approach those observed in adult populations (46).

DSPN has been associated with glycemia (14,33-35), height (47) (perhaps

as a proxy for nerve length), smoking (48), blood pressure, weight, and lipid

measures (49,50). There is emerging evidence that DSPN, especially the painful small-fiber neuropathy
subtype, may be present in 10%—-30% of subjects with impaired glucose tolerance, also known as prediabetes
(5-10) or metabolic syndrome (51). DSPN is the most important cause of foot ulceration, and it is also a
prerequisite in the development of Charcot neuroarthropathy (CN) (52). The reader is referred to several other
reviews that cover this topic (52,53). Foot ulceration and CN are both recognized as late complications of
DSPN (52,54). These late complications drive amputation risk and economic costs of diabetic neuropathy and
are also predictors of mortality. DSPN is also a major contributor to falls and fractures (55-57), through more
advanced small- and large-fiber

dysfunction, with loss of sensory, proprioception, temperature discrimination,

and pain, all ultimately leading to unsteadiness, recurrent minor injuries, and an increased risk of falls. These
recurrent minor injuries may further contribute

to the pathogenesis of CN (58).

Polyradiculopathy

Diabetic polyradiculopathy is characterized by severe pain in the distribution of one or more nerve roots.
Diabetic polyradiculopathy usually resolves over 6 — 12 months. Pain over the chest or abdomen may be due
to intercostal or truncal

radiculopathy. Sensory symptoms may be accompanied by muscle weakness. Patients with involvement of
the lumbar plexus may present with thigh

or hip pain and weakness of the hip flexors or extensors ( diabetic amyotrophy ).

Mononeuropathy

Diabetic patients may present with motor weakness and pain in the distribution of a single cranial or peripheral
nerve (e.g. cranial nerves 11, IV, VI or VII, median, ulnar or peroneal nerve). Mononeuropathy is less common
than polyneuropathy. The most common presentation of mononeuropathy in diabetic patients is ptosis and
ophthalmoplegia due to Illrd cranial nerve palsy . Patients may also present with simultaneous involvement
of more than one nerve (mononeuropathy multiplex).

Autonomic neuropathy

Longstanding diabetes may lead to autonomic dysfunction involving the cholinergic, noradrenergic and
peptidergic (e.g. substance P, pancreatic polypeptide) systems. Autonomic neuropathy usually involves
multiple systems:

e Cardiovascular : there may be resting tachycardia, postural hypotension , neuropathic oedema (due to loss
of sympathetic vascular innervation and

increased peripheral blood flow through arteriovenous shunts).

e Gastrointestinal : delayed gastric emptying( gastroparesis ) may present with anorexia, nausea, vomiting,
early satiety and bloating. Altered small and large bowel motility (autonomic enteropathy) may present with
diarrhoea and/or constipation.
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e Genitourinary : bladder dysfunction (inability to sense a full bladder, failure to void completely,
incontinence, recurrent urinary tract infection), erectile dysfunction, retrograde ejaculation and female sexual
dysfunction (reduced libido, reduced vaginal lubrication and dyspareunia) can occur.

e Hypoglycaemia unawareness arises when reduced adrenaline release results in a loss of the adrenergic
symptoms of hypoglycaemia.

e Hyperhidrosis (upper extremities), anhidrosis (lower extremities, resulting in dry skin and cracking of the
feet and an increased risk of foot ulcers).

Diagnosis

The early recognition and appropriate management

of neuropathy in the patient with diabetes is important for a number of reasons:

1. Diabetic neuropathy is a diagnosis of exclusion. Nondiabetic neuropathies may

be present in patients with diabetes and may be treatable by specific measures.

2. A number of treatment options exist for symptomatic diabetic neuropathy.

3. Up to 50% of diabetic peripheral neuropathies may be asymptomatic. If not

recognized and if preventive foot care is not implemented, patients are at risk

for injuries to their insensate feet.

4. Recognition and treatment of autonomic neuropathy may improve symptoms,

reduce sequelae, and improve quality of life.

Patients with type 2 diabetes should be assessed annually for DSPN using medical history and simple clinical
tests. Up to 50% of patients may experience symptoms of DSPN (Table 2), whereas the rest are asymptomatic.
Patients may not volunteer symptoms but on inquiry may reveal that they are experiencing numbness or other
positive symptoms of DSPN. Symptoms vary according to the class of sensory fibers involved. The most
common early symptoms are induced

by the involvement of small fibers and include pain and dysesthesias (unpleasant

sensations of burning) (1,4,59,60). Neuropathic pain may be the first symptom

that prompts patients to seek medical care and is present in up to 25% of

individuals with DSPN (61-63). Characteristically, the pain is burning, lancinating, tingling, or shooting
(electric shock-like); occurs with paresthesias; presents in varying combinations; and is typically worse at
night. Neuropathic pain may be accompanied by an exaggerated response to painful stimuli (hyperalgesia)
and pain evoked by contact, e.g., with socks, shoes, and bedclothes (allodynia). Neuropathic pain can lead to
interference with daily activities, disability, psychosocial impairment, and reduced health-related quality of
life (64-66). The direct and indirect economic burden associated with neuropathic pain is substantial (67-69).
The involvement of large fibers may cause numbness, tingling without pain, and loss of protective sensation.
Loss of protective sensation indicates the presence of DSPN and is a risk factor for diabetic foot ulceration.
Patients can also

initially present with an insensate, numb foot due to the loss of large fibers. Patients frequently state that their
feet feel like they are wrapped in wool or they are walking on thick socks. It is the loss of the “gift of pain”
that permits patients with plantar neuropathic ulcers to walk on the lesions, inducing chronicity, frequently
complicated by infection (70)

Table 2—Symptoms and signs of DSPN

Large myelinated nerve fibers Small myelinated nerve fibers
Function Pressure, balance Nociception, protective sensation
Symptoms§ Numbness, tingling, poor balance Pain: burning, electric shocks, stabbing
Examination | Ankle reflexes: reduced/absent Thermal (cold/hot)  discrimination:
(clinically Vibration perception: reduced/absent | reduced/absent**
diagnostic)** | 10-g monofilament: reduced/absent | Pinprick sensation: reduced/absent**
Proprioception: reduced/absent

8To document the presence of symptoms for diagnosis; **Documented in symmetrical, distal to
proximal pattern.
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The following clinical tests may be used to assess small- and large-fiber function distal to proximal (Table 2):
1. Small-fiber function: pinprick and temperature sensation

2. Large-fiber function: vibration perception, proprioception, 10-g monofilament,

and ankle reflexes

A 128-Hz tuning fork can be used for the assessment of vibration perception.

Assessment of light-touch perception using a 10-g monofilament should include

evaluation on the dorsal aspect of the great toe bilaterally as previously validated

by Perkins et al. (71). The 10-g monofilament is a useful clinical tool mainly for

detecting more advanced neuropathy and identifying patients at increased risk

of ulceration and amputation (72). Assessments should follow the typical DSPN pattern, starting distally (the
dorsal aspect of the hallux) on both sides and move proximally until a sensory threshold is identified (72).
Combining at least two examinations will increase the sensitivity and specificity of detecting DSPN, as
demonstrated in several cohorts of patients with type 1 and type 2 diabetes including children and adolescents
(26,46,73-79). The diagnosis of DSPN is principally a clinical one (Table 2). A combination of typical
symptomatology and symmetrical distal sensory loss or typical signs in the absence of symptoms in a patient
with diabetes is highly suggestive of DSPN and may not require additional evaluation or referral. As up to
half of the patients may be asymptomatic, a diagnosis may only be made on examination or, in some cases,
when the patient presents with a painless foot ulcer. Clinicians should note that the 10-g

monofilament test included for the annual DSPN screening and diagnosis is different than the diagnosis of the
“high-risk foot” for ulceration, a late DSPN complication that requires that four sites (first, third, and fifth
metatarsal heads and plantar surface of distal hallux) be tested on each foot (80).

The main tests used for the diagnosis of DPN in the studies included in the meta-analysis were the Neuropathy
Disability Score (NDS), Neuropathy Symptom Score (NSS), Michigan Neuropathy Screening Instrument
(MNSI), 10 g Semmes-Weinstein Monofilament Examination (SWME), and quantitative sensory testing by
the vibration perception threshold (VPT), usually combined with clinical assessment and/or
electromyography. These tests are useful for evaluating DPN in research and in the clinic, showing similarities
and differences between

them. The most of diagnosed neuropathies with these tools are related to T2DM and the reason of high
prevalence of DPN in adult with T2DM and more ability of these three tools for large fiber neuropathy
screening [69-71].

QOL is a significant issue in diabetes management, and quick assessment seems prudent for medical
screenings in research. Quality of life of the patients was evaluated with SF-36. This health survey
questionnaire has an eight-scale profile evaluating physical and mental health. Physical health domain
includes physical functioning, role-physical, body pain, and general health. The mental health domain
measures vitality, social functioning,

role-emotional, and mental health. The scores range from zero, the lowest possible score, to one hundred, with
100 representing the highest level of functioning and representing best health possible. T2D, as an illness,
represents a collection of challenges that may affect several different facts of an individual’s functioning,
including physical, emotional, social,sexual, cognitive and self-perceptions surrounding health changes. The
health issues surrounding T2D are formidable, and a variety of HRQOL instruments have been used
throughout the last two decades to gain insight relating to the health perceptions experienced by

T2D patients (Luscombe, 2000). Research indicates that obese individuals experience reduced HRQOL, with
findings indicating a more significant impact on physical functions relating to health rather than mental
capacity (Kolotkin, Crosby, & Williams, 2002), as a meta-analysis of research examining 43,086 study
participants indicated that increased BMI status relates to significant reductions in physical QOL, with the
highest impact relating to individuals who were class 11 obese (Ul-Hag, Mackay, Fenwick, & Pell, 2013). At-
risk individuals for T2D include those who are inactive. HRQOL decreased in a linear fashion in relationship
to physical inactivity and increased in individuals who had higher physical activity levels. Individuals who
were more active reported better subjective health and weight control, while researchers reported that high
activity levels reduced the risk of T2D onset and associated complications. HRQOL relating to DPN is an
important field of study, allowing for the assessment of disease impact for the potential early intervention and
offers unique caveats to physicians to aid them in the diagnosis and treatment of DPN.
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In our studies we collected the patients who were between 47 and 72 years old, with an average age of 50.15
+ 8.31 years were examined within six months. Of these, 45 patients were selected with blood sugar 10.79 +
4.5 mmol / |, glycated hemoglobin 10.13 + 2.76%. 32 of the 60 patients. The findings indicated that nearly
two-thirds (62.5 %) of the patients were female. The patients had type 1l DM and no past history of foot ulcer.
In terms of diabetes duration (i.e. time since diagnosis), 26% of patients had been diagnosed for 10-15 years
and 25% for 15-20 years. NDS scores indicated that half of the patients had moderate peripheral neuropathy
and 26.3% of the patients had severe neuropathy. There were differences in nerve function improvement
between treatments. Neurological symptom scores (NSS) improved with insulin analogues from 5.5 (2.3) to
4.3 (0.65) (p = .007), sensory scores improved from 15.5 (1.79) to 8.3 (1.19) (p <.001), motor scores did not
change, and sensory and motor impairment scores improved from 18.8 (2.15) to 12.1 (1.71) (p = .003). Total
neuropathy scores (TNS) improved from 24.35 (2.61) to 16.35 (2.02) (p = .001). Neuropathy total symptom
score-6 (NTSS-6) changes were significant for both treatments: insulin analogues 4.38 (0.75) to 1.49 (0.38)
(p < .001) and incretins 7.57 (1.3) to 4.26 (0.95) (p = .036). Changes in QOL-DN large fiber subscores
correlated (Spearman's rank) significantly with changes in NTSS-6 (r = 0.55; p <.0001), NSS (r =0.31; p <
.04).

Medical treatment

In patients with type 2 diabetes with more advanced disease and multiple risk factors and comorbidities,
intensive glucose control alone is modestly effective in preventing distal symmetric polyneuropathy and
patient-centered goals should be targeted. Lifestyle interventions are recommended for distal symmetric
polyneuropathy prevention in patients with prediabetes/metabolic syndrome and type 2 diabetes.
Alpha-lipoic acid

Another therapy that has a disease-modifying effect is alpha-lipoic acid (ALA). Multiple clinical trials have
been completed using a variety of study designs, routes of administration, and sample sizes [23, 24].

In the Alpha-Lipoic Acid in Diabetic Neuropathy [ALADIN] 11 trial, which was a multicenter, double-blind,
randomized placebo-controlled study, there was a small but significant improvement in the Neuropathy
Impairment Score (NIS) of patients treated with ALA, but no significant improvement in the Total Symptom
Score (TSS) [24].

The neuropathy that occurs in patients with impaired glucose regulation is typically characterized by distal,
symmetric sensory symptoms including pain [28]. This pattern suggests prominent involvement of small nerve
fibers including unmyelinated (C) fibers and thinly myelinated (Ad) fibers. Pain is frequently the complaint
that motivates patients to seek medical care, and it is often difficult to treat. This is a concern because
neuropathic pain can have a negative impact on quality of life; it has been reported to interfere with general
activity, mood, mobility, work, social relations, sleep, leisure activities, walking ability, and enjoyment of life.
Medications used to treat painful diabetic small-fiber neuropathies include anticonvulsants, antidepressants,
topical anesthetics, and both narcotic and non-narcotic analgesics.
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