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ABSTRACT:

KEYWORDS Diabetes, particularly prevalent in rice-dependent regions of Asia, is experiencing an alarming
Diabetes, rise. This study investigates the concerning trend of Diabetic Peripheral Neuropathy (DPN), a
Diabetic complication increasingly diagnosed at the time of diabetes detection. We aim to identify both
peripheral modifiable like HbAlc, smoking, BMI and non-modifiable such as age, diabetes duration risk
Neuropathy, factors associated with this nerve damage. Additionally, we explore diagnostic methods like
Glucose Control, sKin biopsies and nerve conduction studies for confirming DPN. This review also describes the
Lipid effectiveness of various treatments in managing DPN symptoms. These include glucose
Management, control, pain management medications, lifestyle modifications, blood pressure control, and
Hypertension, cholesterol management. The findings highlight the importance of early risk factor
Lifestyle management to prevent complications. Furthermore, the study emphasizes the need for a
Interventions, comprehensive treatment approach combining both pharmacological and non-pharmacological
Pain interventions to improve the quality of life for patients with diabetic peripheral neuropathy.
Management.

Introduction

The most prevalent non-communicable disease which is
progressing quickly and might become an epidemic,
particularly in middle- and low-income Asian countries
where rice has long been a staple food is Diabetes
Mellitus (DM) [1-3]. By 2025, it is predicted to afflict
69.9 million people due to the pace of rise in prevalence
[4-5]. Diabetic peripheral neuropathy (DPN) is most
usually caused by persistently increased blood sugar
levels and the problems that come with it, such as the
accumulation of end products of advanced glycation,
metabolic derangements caused by hyperglycemia, and
dyslipidemia. As the name implies, symptoms begin
distally and spread proximally. [6-8].

Diabetes is thought to cause long-term complications
when it is uncontrolled, when medicine is not taken as
prescribed, or when frequent follow-up appointments
are neglected. However, current research shows that
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many of them have problems when they are first
diagnosed. Peripheral neuropathy was shown to have
the highest incidence of complications [27.3 1000
person years], with a median incidence of 3.3 years,
according to studies. The DPN is the commonest cause
of neuropathy affects about 50% of individuals with
DM; however, only 10% to 20% of patients experience
symptoms that interfere with daily functioning and
necessitate medical attention [9]. DPN accounts for
about 0.6% of national health services spending,
according to research conducted in England between
2010 and 2011. The disease's range has expanded
significantly over the past ten years, indicating the
impact on global health spending [10].

DPN is a challenging case to treat because there are
currently no medications that interfere with the disease's
pathology and can only relieve the patient's symptoms.
Over time, research has found a significant number of
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risk factors. A subset of these are modifiable, such as
HbAlc, smoking, BMI, FPG, blood urea nitrogen,
diastolic blood pressure, and duration of diabetes
[11]. A meta-analysis showed that there is a statistically
significant impact on the microvascular complications
of diabetes, particularly DPN based on duration of DM
[12]. Non-modifiable risk factors include patient age,
vitamin D, hyperlipidaemia, C-peptide, and alcohol
consumption [13]. Diabetic neuropathy can affect
nerves throughout the body in various ways. The most
common form, distal symmetrical polyneuropathy
(DSP), causes numbness, tingling, or pain that begins in
the feet and legs and progresses upwards, affecting both
sides equally. It can also impact the autonomic nervous
system, leading to issues with digestion, bladder
control, and blood pressure. Additionally, diabetic
neuropathy can manifest as mononeuropathy, causing
sudden weakness, pain, or numbness in a specific area,
or radiculopathy, resulting in radiating pain along a
nerve's path, often accompanied by weakness or
numbness. The severity of nerve damage is classified
by a staging system, ranging from NO (no neuropathy)
to N3 (severe and disabling neuropathy).

Diabetic Neuropathy - Types and Clinical Features

Clinical neuropathy syndromes affecting practically
every component of the somatic nervous system,
peripheral nervous and autonomic systems occur in
diabetic individuals [14]. The prognostic,
pharmacological, and pathophysiologic features of each
ailment can be used to distinguish it.

Treatment-Induced Diabetic Neuropathy (TIND)

Insulin Neuritis: This rapidly reversible small fiber
neuropathy develops within weeks of achieving
improved glycemic control in patients with long-
standing, uncontrolled diabetes. The mechanism is
thought to involve microvascular neuronal damage,
endoneurial ischemia, and edema,Diabetic neuropathic
cachexia which is rare condition manifests with
depression and weight loss, particularly in middle-aged
and elderly men on hypoglycemic medications [15-
17].DiabeticAnorexiais a painful polyneuropathy often
associates with intentional weight loss. Symptoms
typically improve with weight gain, suggesting a
potential nutritional component [18].
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Focal neuropathies

Entrapment is frequently the underlying cause of focal
limb neuropathies thus, distinguishing
mononeuropathies from entrapment syndromes is
critical [19]. Mononeuropathies are a prevalent
condition among the elderly; they are distinguished by
an immediate onset, discomfort, and self-limiting that
lasts one and half - two months. Mononeuritis can
damage the ulnar [2.2%)], radial [0.5%], median [5.8%
of all diabetic neuropathies], and common peroneal
nerves [20]. Diabetes patients with cranial neuropathies
are rare [0.05%] and typically arise in elderly people
who have had the disease for a long period [21]. The
commonest type of cranial neuropathy is oculomotor
nerve palsy, as unilateral orbital discomfort that begins
abruptly or sporadically with a frontal headache. Ptosis
is usually present.

Diabetic Amyotrophy and Chronic Demyelinating
Neuropathies: For a long time, DPN was thought to
include proximal neuropathy. In the belief that the
patient would eventually recover, treatment was
disregarded for one-two years after enduring acute
weakness, pain, incapacity [22]. The disorder is also
known as diabetic amyotrophy or femoral neuropathy.
When these typical symptoms appear, it can be
clinically identified: acute soreness in the buttocks,
hips, thighs, leading to difficulty to stand up from a
seated posture due to proximal muscle weakness. It
primarily affects type 2 diabetics aged 50 to 60.

Diabetic Truncalradiculoneuropathy - Patients with
truncalradiculoneuropathy in diabetics vary in age from
middle-aged to elderly, with an inclination for men. The
primary symptom is sudden discomfort that spreads in a
girdle pattern through the abdominal wall or lower
thoracic wall. It can be distributed bilaterally or
unilaterally.  Localized muscle bulging, albeit
uncommon, can occur in conjunction with motor
weakness. Because patchy sensory loss might happen,
additional potential causes of nerve root compression
must be eliminated. Usually resolves in 4-6 months
[23].Rapidly Reversible Hyperglycemic Neuropathy-
Patients with poorly treated diabetes or denovo
diagnosed can suffer from reversible nerve function
deficits. Euglycemia is quickly restored following
recovery, hence structural problems are unlikely to be
the cause. It is unclear if the defects found in fast
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reversible hyperglycemic neuropathy [24] enhance the
chances of acquiring chronic neuropathies in the future.
Typically, the disease emerges with distal sensory
symptoms.

Generalized Symmetric Polyneuropathy

Acute Sensory Neuropathy-A minority of studies
categorize acute sensory neuropathy, especially when
presenting with pain, as a distinct entity from DSP [25].
The syndrome's defining features include weight loss,
cachexia, severe pain, despair and sexual dysfunction. It
is more common in men and can present at any stage of
Type 1 or Type 2 DM. It is usually self-recovering that
always improves with mild symptomatic treatment [26].
Amyloidosis, Fabry's disease, heavy metal poisoning
[such as arsenic], and excessive alcohol and heavy
metal poisoning [such as arsenic], should all be
excluded. The autonomic nervous system [ANS] can
also become involved, which is highly incapacitating.
Patients, notably in the feet, report relentless burning,
acute  pain, and  hyperesthesia.  Additional
manifestations include sensations like - “electric shock™
in the lower extremities and acute, stabbing, lancinating
pain.

Chronic Sensorimotor Neuropathy [CSMN] or Distal
Symmetric Polyneuropathy [DSP]-Distal symmetrical
polyneuropathy is the commonest kind of neuropathy
linked to diabetes. It is as common as type 1 and type 2
DM, and already would have started before the
diagnosis of DM [27]. Sensory problems include
paraesthesia, numbness [sometimes known as the "dead
feeling"] and neuropathic pain [sharp stabbing
sensations,  burning, deep aching, allodynia,
hyperalgesia]. In rare cases, patients may have
paradoxical symptoms such as a painful limb that does
not ache or neuropathic pain accompanied by
substantial sensory loss [28]. As the illness worsens,
symptoms first appear in the toes, then extend to the
stockings, and lastly to the gloves. Unsteadiness, or
sensory ataxia, is exacerbated by foot deformity,
abnormal muscle sensory function, loss of
proprioception, and increasing neuropathy
[29].Autonomic neuropathy-Diabetes-related autonomic
neuropathy, affecting nerves that control involuntary
functions, can disrupt various bodily systems. In the
cardiovascular system, it may cause reduced heart rate
variability, resting tachycardia, orthostatic hypotension,
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exercise intolerance, silent myocardial ischemia, and
even sudden cardiac death. Gastrointestinal issues
include difficulty swallowing, delayed stomach
emptying, diabetic diarrhea, constipation, and fecal
incontinence. The urogenital system can experience
neurogenic bladder dysfunction and sexual dysfunction
(erectile dysfunction, female sexual dysfunction,
retrograde ejaculation in males). Skin problems may
manifest as reduced sweating, excessive sweating in
specific areas, or sweating triggered by eating
(gustatory sweating) [14].

Clinical Features of DPN

DPN is a gradually developing illness that only
becomes apparent after a complete neurological
examination discloses symptoms in the absence of acute
pain. Unfortunately, when DPN is discovered during a
bedside clinical examination, it is often already
established or has progressed. Because the risk factor
strongly associated with diabetic foot ulcers is a lack of
protective sensation, it is critical that diabetics have
their feet evaluated at least once a year. On physical
evaluation, sensory anomalies in both lower limbs are
often distributed symmetrically, similar to a stocking. In
more extreme instances, hands may be touched.

A fiber injury can impact all sensory modalities,
including vibration, touch, position, pain, and
temperature perception. If there is no neuropathy,
DTR’s may become diminished or absent,
predominantly in the lower extremities and this happens
as patients get older. Once DPN is established, small
foot and extensor hallucislongus muscle atrophy may be
detected; nevertheless, substantial weakness is less
common and may arouse the suspicion that the
neuropathy is not caused by diabetes. and Clawing of
the toes and high arching of the foot both enhance the
risk of ulceration [30,31]. It's critical to examine the
patient's shoes in depth. Foot ulcers are commonly
caused by a faulty fit, atypical wear from internal
pressure points, and foreign objects in shoes [32].

Pathogenesis

This phenomenon is caused by a variety of reasons,
including unmyelinated nerves injury, loss of myelin in
myelinated nerves, atrophy of axons, and other
variables that result in impaired NCV and aberrant
sensory function. Peripheral nerves consist of Schwann
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cells [a type of glial cell], cytoplasmic processes, and
axons. Glial cells have a crucial role in nerve
conduction velocity by insulating and facilitating action
potentials in a rapid, saltatory conduction pathway
across  vast  distances. Hyperglycemia  and
hyperlipidemia cause disruption of SCs regulatory
functions, including metabolism and cell autophagy and
causes mitochondrial malfunction [33-34]. In the dorsal
root ganglion, sensory neurons are more affected than
motor neurons due to a lack of glial cell protection and
support [35-36].

Inflammation, reactive oxygen species, and metabolic
problems all damage nerve cells. The main causes of
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DPN include uncontrolled glycemic management,
dyslipidemia, microvascular dysfunction, and insulin
resistance. Hyperglycemia and dyslipidemia activate the
phosphokinase C, PARP, polyol, AGE, and hexosamine
pathways [37]. Microvascular alterations, such as
inadequate blood and oxygen delivery, contribute to the
process of DPN. Hypoxia complicates oxidative stress,
while inflammation exacerbates nerve damage [38].
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Figure 1: Pathways Involved in Progression of DPN

Image Credit: Author Shaik Naveed

Sorbitol buildup in axons, as well as Na/K-ATPase
malfunction, are considered early neurological
dysfunction [39]. The particular mechanism is that
aldose reductase [AR] transforms excess glucose into
sorbitol. A surge in sorbitol may alter the osmotic
balance of cells. This causes osmotic stress and outflow
of taurine and inositol as compensation. Neuronal
function is inhibited due to loss of inositol. Excessive
polyol pathway activation promotes neuropathy [40]. It
is worth noting that aldose reductase is mostly present
in SCs and has the highest concentration of aldose
reductase, and elevated sugars cause alterations of
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metabolic processes in SCs, resulting in decreased
protection and axonal support against injury [41].

Advanced glycation end pathway [AGE
pathway]Exposure of lipids and proteins to elevated
blood glucose levels produce highly reactive molecules
which are heterogeneous known as glycation end
products [42]. AGE pathways are distinct pathways that
use AGEs as a trigger. Binding of late glycation end
product receptors to AGE’s causes activation of pro-
inflammatory indicators and chemotactic factors such
NF-kB, TNF-a, and interleukin, causing inflammatory
responses [43-44]. As a result, AGE accumulation
triggers a variety of inflammatory responses, including
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glial cell dysfunction and microvascular damage. It also
stimulates NADHPH oxidase, which enhances ROS
generation. This produced ROS also increase AGE
formation process [45]. Prolonged unusually high ROS
levels in cells aggravate oxidative stress irreversibly
ultimately causing death of cell [46-47].The process of
AGE production generates intermediary intermediates
known as Amadori compounds. 3-deoxyglucosone
plays a major role in AGEs formation from Amador
compounds [48]. The polyol pathway and 3-
deoxyglucosone synthesis are inextricably linked, and
their interaction exacerbates oxidative stress.

Hexosamine pathway-This is a hyperglycemic-induced
biochemical process that causes oxidative stress and
inflammation in Chevron cells and neurons, eventually
leading to DPN. Under normal conditions, glutamine-
fructose-6-phosphate amidotransferase transfers from
the glycolytic process to the hexamine pathway a tiny
fraction of fructose-6-phosphate[F-6-P] and converts it
to glucosamine-6-phosphate[G-6-P]. G-6-P was
subsequently transformed into UDP-GIcNAc . UDP-
GIcNAc is a required primer for O-GIcNAc helping in
its binding to threonine and serine residues of several
key factors of transcription, including Spl [49]. In
hyperglycemia, the flux of the hexamine route
increases, activating the Spl pathway. Spl has been
shown to influence the expression of certain
housekeeping genes induced by glucose , including
PAI-1 and TGF-Beta [50-51]. Certain studies suggests
that PAI-1 overexpression induces ischemia and
thrombosis of microvasculature and thrombosis in
diabetic neuropathy . TGF-Beta causes axonal injury
and apoptosis by increasing ROS levels [52].

PARP Pathway- PARP is a Repair enzyme of nuclear
DNA that has several functions of regulations [53-55].
This is an excellent indicator of DPN. The most
prominent subtype of PARP in the nucleus is PARP-1.
PARP participates in the development of DPN via two
pathways. PARP activation is the one mechanism which
changes the rate of production of ATP by depleting
NAD+, resulting in energy depletion in the peripheral
nervous system and toxic glutamate buildup, which
delays conduction of nerves and promotes myelinated
nerve fiber degeneration. The second pathway
comprises primarily poly [ADP- ribosylation], which
impacts gene expression and transcriptional regulation
in multiple hyperglycemic paths, as well as nitrosative
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and oxidative stress [56-57].Insulin pathway-The
conventional opinion suggests that insulin has no direct
impact on central or peripheral nervous system activity
because neurons are not insulin sensitive. However,
evidence is increasing that insulin not only decreases
blood sugars and indirectly contributes to the etiology
of DPN, and also has a direct role in DPN development
as an important neurotrophic factor that promotes
peripheral neurons. Insulin receptors are expressed on
the cytoplasmic processes of SCs, basement membrane,
plasma membrane and by DRG. Although SC
dysfunction is critical in pathophysiology of DPN,
insulin influences DPN via SC physiology alterations
[58].

DPN is a condition distinguished by axonal damage and
demyelination, and insulin  increases  axonal
development while slowing demyelination and nerve
conduction. One study discovered that insulin reduced
expression of lipoprotein lipase [LPL] in hyperglycemic
SCs, improved demyelination by decreased LPL, and
improved sciatic nerve neuromorphology. Insulin
receptor signaling can stimulate axonal development via
down streaming the PI3K-Akt signaling pathway. Akt
signaling pathway activation in SCs enhances myelin
sheath production and differentiation [59].Insulin
resistance in T2DM results from lower insulin
resistance expression levels, changed phosphorylation
substrate proteins of insulin receptor and axonal growth
pathways activation, therefore insulin treatment has no
effect on DPN. Based on the above, it is obvious that
insulin resistance, insulin, insulin receptors participate
in the PI3K- Akt signaling pathway, act in DPN via an
insulin signaling mechanism. This insulin signaling
system may be involved in the ongoing creation of key
neuromodulating  proteins and  peptides  [60-
62].Microvascular pathway- Microvascular alterations
cause decreased blood and oxygen delivery, which
contributes DPN process. Endothelial cell dysfunction
in the sciatic nerve has been linked to less intra-neural
oxygen tension and blood flow to neurons.
Furthermore, abnormal vasculature changes were noted
in peroneal nerve of DPN patients, including a
lessening of vascular tight junction-associated proteins,
microvascular basement membrane thickening within
the nerve, proliferation and swelling of the vascular
endothelium, and pericyte degeneration. These aberrant
alterations, in turn, cause arterial narrowing and
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reduced blood flow, resulting in ischemic hypoxia in
peripheral nervous tissues. Hypoxia in
the microenvironment of neurons will enhance
oxidative damage and inflammation, causing damage to
SCs and neurons, and eventually damage to nerves [63].

Whnt/b-catenin pathway-The Wntgene family consists of
at least 19 genes. B-catenin is involved in the Wnt
pathway transcription and promotes cell adhesion. This
pathway is initiated when Wnt ligands connect to
receptors. The Wnt protein found outside the cell
activates 3 transduction cascades intracellularly: the
Wnt/Ca2+ pathway, the canonical Wnt/b-catenin
pathway, the non-canonical planar cell polarity system
[64]. When this route is engaged, free b-catenin rises
and goes into the nucleus. This relates to the Akt
signaling pathway downstreaming. This stimulates SC
immortalization and is involved in the elevated glucose-
promoting apoptosis of SCs [65-67].MAPK PATHWAY
-Mitogen- activated protein kinase [MAPK] cascade is
a signaling system that regulates various cellular
processes  such as  apoptosis,  proliferation,
differentiation and stress response. It is capable of
transducing extracellular impulses into cells. Research
has indicated that it is linked to metabolic diseases
leading to mitochondrial failure [68-69].

mTOR PATHWAY-It is an ATP receptor, the
mammalian target of rapamycin [MTOR] regulates cell
growth and proliferation in response to energy status
and nutrition. mTOR is one of AMPK's downstream
targets and can interact with it [70]. mTOR plays a
significant part in pathophysiology of DPN via 3
pathways: myelin formation, neurotrophic factors, and
SC autophagy and apoptosis. TSH PATHWAY- Clinical
and subclinical hypothyroidism [SCH] is frequent in
persons with DM and has a significant correlation with
DPN severity. Several studies on the link between TSH
and DPN in T2DM patients indicated that TSH levels
were positively related with DPN. In addition, in a
study of women with hypothyroid, levels of TSH were
higher in patients newly diagnosed with DPN [71].

LABORATORY TESTS FOR SCREENING AND
DIAGNOSING DPN

DPN's clinical features are caused by gradual injury and
eventual loss of a big and small number of myelinated
and unmyelinated nerve fibers. In DM, this occurs in a
precise, distal-to-proximal  pattern, symmetrical,
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beginning at the toe tips and moving proximally,
resulting in the distinctive “stocking- and-glove"
appearance clinically in diabetic neuropathy [72].
Diabetic polyneuropathy is diagnosed using both
clinical [pain and paraesthesia] and electrodiagnostic
[nerve conduction velocity and response amplitude
values] criteria. The severity and duration of
hyperglycemia are significant risk factors for
developing DPN.

SCREENING IN DIABETES PATIENTS

All diabetic patients should be checked for
polyneuropathy at the time of diagnosis of Type 2 DM,
5 years after diagnosis as Type 1 DM, and subsequently
once a year. Patients with Prediabetes [poor glucose
tolerance and/or impaired fasting glucose] who have
polyneuropathy symptoms should also be evaluated.
Following the initial screening, all individuals with
Type 2 or Type 1 DM without polyneuropathy should
be evaluated at least once yearly for the development of
neuropathy.

STEP WISE APPROACH

A thorough history should be obtained to identify the
proximity of various factors at risk known to be highly
related to diabetic peripheral neuropathy (DPN), such as
older age (greater than 70 years), hypertension, poor
glycemic control, long duration of diabetes, tall stature,
metabolic syndrome, and obesity. In addition, the
clinician should determine where the symptoms started
and inquire about specific symptoms, including
numbness, tingling, and discomfort, which are common
early indicators. It is important to assess whether
symptoms vary during the day and if they are worse at
night. Inquiry about any associated weakness should be
made, as well as how the symptoms progress over time
and at what pace, noting that slow progression is
typical. The symmetry of symptoms should be
evaluated, as symmetry is common in DPN. The
presence of autonomic symptoms should be assessed,
with the understanding that prominent autonomic
involvement is unusual. A history of alcohol
consumption should be taken into account, as prolonged
alcohol abuse is associated with symmetric
polyneuropathy. Additionally, a family history of
similar symptoms should be investigated [72-75].

Symptomatic and Asymptomatic DPN
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The symptoms of DPN vary depending on which fibres
are initially damaged.Small nerve fibers can cause
neuropathic pain in the early course of the disease. It is
characterized by, tingling, burning, lancinating, electric
shock-like sensation, and/or a shooting, which is more
severe at night. Hyperalgesia and Allodynia. Large
nerve fiber affection can cause symptoms such as
numbness, loss of protective sensation, tingling, and
poor balance, which causes falls [72, 76-77].50% of
DPN patients may not have symptoms or, as said earlier
do not reveal symptoms. Patients who are symptomatic
earlier could become asymptomatic later in due course
of the disease due to substantial loss of sensory
sensation in all subtypes of nerve fibers and the
development of insensible feet. Insensible feet provide a
major danger of painless damage, which can progress to
foot ulceration and amputation. The absence of "gift of
pain” allows persons with neuropathic ulcers in plantar
parts to inadvertently walk on ulcers, resulting in
further damage that is worsened by infection [77].

Various effective clinical tests are available to assess -
large and small fiber function routinely using only
modest instruments.

Small fiber neuropathy, a prominent feature of Diabetic
Peripheral Neuropathy (DPN), primarily affects thinly
myelinated and unmyelinated nerve fibers responsible
for pain perception, temperature regulation, and
autonomic functions. Assessment of small fiber damage
is crucial for diagnosing and monitoring DPN
progression. A person's pinprick feeling is tested with
objects sharp such as a safety pin, while threshold of
temperature sensation is usually performed with an
object cold as metal-like tuning fork [72,78].Large fiber
damage, a crucial indicator of DPN, affects sensations
like joint position (proprioception), pressure, and light
touch. To assess this, healthcare professionals employ
various tests: the monofilament test (commonly used
but not sufficient on its own), vibration perception
using a tuning fork (more sensitive for early detection),
and ankle reflex tests. These tests, along with
proprioception assessment, provide a comprehensive
picture of large nerve fiber function in DPN, aiding in
early diagnosis and promoting timely preventive
measures (77).

Different Diagnostic techniques for DPN
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A careful medical history regarding or, neoplasia with a
history of chemotherapy, alcohol abuse or other toxic
exposures or amyloidosis. Hypothyroidism by - TSH
values End-stage renal disease with uraemia Serum
immune-electrophoresis ~ with  immune-fixation -
monoclonal gammopathy. Vitamin B12 shortage is
most common DPN mimics in Type 2 DM which is
totally curable with medication. The symptoms and
signs of chronic inflammatory demyelinating poly-
radiculoneuropathy appear suddenly and worsen
quickly. New therapies for conditions like familial
transthyretin amyloidosis have become available, and
genetic types of polyneuropathy are being found.
Therefore, genetic testing might also be taken into
account, however it's yet unclear what purpose regular
genetic testing serves [78].

Confirmatory Tests As Needed - Confirmed diabetic
neuropathy diagnosis often needs abnormalities in
objective tests, either NCS alterations or, in the event
that NCS is normal, validated assessments of tiny nerve
fibers [79]. NCS do not evaluate the function of tiny
fibers. The lower and upper limbs’s sensory and motor
nerve fibers are tested during NCS using surface
stimulation and recording techniques. Patients with
diabetic neuropathy experience altered NCS, such as
longer F responses, reduced amplitudes, and lower
conduction velocities [80]. Since DPN is a length-
dependent process, lower limb changes occur before
changes in upper limbs. Generally, amplitude changes
of motor nerve fibers follow amplitude changes of
sensory nerve fibers. Small fiber neuropathy has normal
NCS.

Assessment of Intraepidermal Nerve Fiber Density
[IENFD] by skin punch biopsy is the gold standard test
for diagnosis of Small fiber neuropathy. Because it is an
intrusive method, less preferred routinely in diagnosis
and is largely used in research. Quantitation thermal
sensory thresholds for decreased detection thresholds
for cooling or increased thresholds for heat, Laser
Doppler flare imaging studies and corneal microscopy
to assess nerve fiber length in corneal Bowman's layer,
which is lowered in DPN [81], are other tests
confirmatory for small nerve fiber damage that are
commonly used in research. In cases of atypical clinical
presentations, the accurate diagnosis often requires MRI
of peripheral nerves and nerve roots, genetic testing,
and cerebrospinal fluid analysis utilizing lumbar
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puncture to measure protein levels. Radial nerve or
Sural biopsy is not always required.

TREATMENT
Improving glucose control

In patients with Type 1 DM, Strict glucose control was
found to be more efficacious in decreasing the
development of DPN than in patients with Type 2 DM.
This finding may be related to longer duration of
asymptomatic hyperglycemia that go undetected in type
2 diabetes patients. Investigate Bypass Angioplasty
Revascularization When comparing T2DM on insulin
sensitizers with T2DM on insulin/sulfonylureas, a
substantial difference in the incidence of DPN has been
reported in 2 Diabetes trials. This difference is
attributed to the latter's tendency toward obesity, weight
increase, and hypoglycaemia episodes [23]. However, a
meta-analysis led by Boussageon R found no additional
benefit from strict glucose management for the
incidence of DPN in Type 2 DM [32]. Neuropathy in
type 2 diabetes is caused by variety of reasons.

Lipid management

Dyslipidemia and type 1 diabetes are known to be
related, and new research has shown that type 2
diabetes is similarly affected. However, medication
containing  lipid-lowering  substances does not
significantly improve the prognosis of either condition,
in contrast to lifestyle changes such as exercise, weight
loss, and bariatric surgery, which have shown to reduce
both incidence and morbidity of DM [82].

Hypertension

In type 2 diabetics neuropathy development is one of
the many reasons why blood pressure control is
essential in diabetics. International Prevalence and
Treatment of Diabetes and Depression [INTERPRET-
DD] project conducted a meta-analysis recently from 14
countries data hypertension was identified as a
individual risk factor leading to the development of
DPN with an odds ratio of 1.58 [83] This is true even
though research from multiple studies have showed that
hypertension increases likelihood of developing
neuropathy.

Diet & lifestyle interventions in
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Studies combining aerobic exercise and dietary
modification over varied time periods have reported
variable decreases in body mass index and increases in
intraepidermal nerve fiber density [IENFD], which may
indicate a reversal of the disease or a marked
improvement in symptoms. Nevertheless, most of the
studies did not have a control group, necessitating
additional research with control groups [33, 84-85]. for
those with abnormal glucose tolerance [IGT]
and diabetes type 2 . It has been discovered that
adopting a healthier lifestyle can both lessen the
severity of DPN and its incidence [86].

Pain management

The three FDA-approved medications for excruciating
DPN are Tapentadol extended release, Duloxetine, and
Pregabalin.

Extended release tapentadol: This drug has efficacy in
neuropathic pain treatment as per few multicentric trails
the International Association for the Study of Pain
Special Interest Group conducted a meta-analysis on
Neuropathic Pain [NeuPSIG] found no evidence to
support the claim that this medication is more effective
than other medications on the market, even when taking
into account the risk of addiction [18]. Not advised as a
first- or second-line medication at this time.

Duloxetine: Research has indicated that duloxetine may
be used as a medication to treat uncomfortable DPN
and enhance quality of life. After extended follow-up, it
was discovered that duloxetine is more likely to raise
HbA1c than a placebo [87]. It is best to start on lower
dosages and up titrate with tiny doses because adverse
effects are frequently observed in older people that
require bigger doses.

Pregabalin: The most researched medication for DPN
so far has shown promise in numerous trials,
outweighing the negative effects. However, it has been
discovered that the medication's -effectiveness is
restricted in older patients with advanced disease and
that there is a greater risk of negative adverse effects in
older people [88]. It is recommended to start at lower
doses and gradually titrate due to the drug's quick onset
of effect and restricted range of doses.

Trials were conducted to determine the efficacy of a
combination therapy involving pregabalin and
duloxetine, given their differing mechanisms of action.
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Nevertheless, there was no significant difference
between the use of high dosage monotherapy and
standard dose combination therapy statistically [19].
Combination therapy, combining pregabalin and
duloxetine is increasingly popular due to its anxiolytic
and antidepressant properties. This approach is
recommended for DPN-related pain, high-dose cases,
and patients with multiple comorbidities. Combining
nonpharmacological and pharmacological methods can
provide better pain relief and tolerance.

Other pharmacologic therapies include Amitriptyline
has been in use for many years to treat neuropathic pain
in conjunction with other tricyclic antidepressant drugs.
The prescription is normally taken once a day,
preferably in the evening, with an initial dose of 25 mg
that can be extended to a maximum of 150 mg if
needed. The drug's anticholinergic effects persist at
even the lowest dosages, making it an unattractive
option for the elderly, particularly those with glaucoma
and ischemic heart disease [89].

Edit Table
S.No. |Type of Drug Drug Dosage Adverse effects
1. Anticonvulsants Pregabalin 300-600 mg/day [Peripheral edema, dizziness, somnolence,
dizziness, tremor, ataxia, diplopia, weight gain,
blurred vision.
2. Anticonvulsants Gabapentin 1,800- Nystagmus, leukopenia , weight gain, dry
3,600mg/day mouth , constipation, ataxia,nause,
somnolence,dizziness.
3 Tricyclic Amitriptyline 25- 150mg/day [Dry mouth, sedation, urinary retention,
Antidepressants confusion, arrhythmias, orthostatic
hypotension, constipation, weight gain .
4. Serotonin and|Duloxetine 60 -120mg/day |Dizziness, constipation, dry mouth, headache,
norepinephrine nausea, weakness, and diarrhea
Reuptake Inhibitors
5. Anticonvusants Lamotrigine 200-400 mg/day |Ataxia, sedation, headache, blurred vision,
nystagmus, diplopia, rash, rhinitis
6. Anticonvusants Valproate 1000-1200 Alopecia, dizziness, somnolence, tremor
mg/day thrombocytopenia, insomnia,
weakness,vomiting, diarrhea

Table 1: Various Drugs Used to Manage DPN

Table Credit: Author Shaik Naveed

It has been discovered that lamotrigine, lacosamide,
carbamazepine, oxcarbazepine, valproic acid, and
sodium channel blockers are effective, but their side
effects prevent them from being used as the first line of
treatment [90]. Studies on topical treatments such as
lidocaine and capsaicin were conducted. The FDA
approved an 8% capsaicin patch for DPN, which is
suggested for patients who are not tolerating oral
medication and who wish to continue using topical
treatments.

2528

Alpha lipoic acid [ALA]

Antioxidants such as ALA have the greatest evidence in
this regard due to key role of oxidative stress in
pathogenesis of DPN. ALA Infusions intravenously
[600 mg/day] for three weeks shows an improvement in
neuropathic signs and symptoms. In addition, the
common symptoms of DPN such as numbness, pain and
paraesthesia were significantly reduced after five weeks
and six months of treatment with oral ALA 600 mg
daily and two times a day, respectively. ALA efficacy
in symptomatic DPN treatment was validated by many
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meta-analyses [90]. The medication is used as a
treatment and preventive therapy for DPN in many
countries, although it is not licensed in the USA or
Canada.

Benfotiamine

Benfotiamine in the Treatment of Diabetic
Polyneuropathy (BEDIP) three week treatment of
neuropathic signs and symptoms with benfotiamine 400
mg daily showed improvement. The BENDIP trial
found that after 6 weeks of treatment with a
benfotiamine 300 mg daily twice showed neuropathic
symptoms improvement, with the Neuropathy Symptom
Score serving as the primary endpoint [90]. There is no
major difference between the active and placebo
treatments regarding the number of adverse events
found to be beneficial in further neuropathies.

Vitamin B12

Metformin use is associated with an increased risk of
vitamin B12 deficiency. The American Dietetic
Association (ADA) recommends monitoring B12 levels
in patients taking metformin. A recent 12-month
randomized controlled trial (RCT) investigated the
effects of daily 1,000 pg oral vitamin B12
supplementation in patients with type 2 diabetes, DPN,
low vitamin B12 levels (<400 pmol/L), and who were
receiving metformin treatment. The study found that
vitamin B12 supplementation improved quality of life,
sweat function (sudomotor function), pain scores, and

Combination
therapies

Energy or nerve
stimulation

High frequency spinal
cord stimulation
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Capsaican 8% patch

Painful DPN

Exclude other
causes of
neuropathy

neurophysiological parameters in these patients.
However, there was no significant impact on the
Michigan Neuropathy Screening Instrument (MNSI)
score. These findings suggest that daily oral B12
supplementation at 1,000 pg may be beneficial for
managing DPN symptoms in patients with confirmed
vitamin B12 deficiency [89].

Vitamin D

Low vitamin D levels, common in conditions like type
2 diabetes, pre-diabetes, and obesity, may be linked to
Diabetic Peripheral Neuropathy (DPN). A study found
that most patients with type 2 diabetes and DPN were
vitamin D deficient. Interestingly, high-dose vitamin D
supplementation (40,000 1U/week) for 24 weeks
significantly ~ improved  neuropathic ~ symptoms
compared to a control group receiving a lower dose
(5,000 1U/week). While vitamin D deficiency itself is
linked to bone issues, further research is needed to
explore the efficacy of supplementing magnesium,
acetyl-L-carnitine, and vitamin E alongside vitamin D
for optimal DPN management [90].

Nonpharmacological therapies

Individuals with DPN can improve their neuropathic
pain by reducing sedentary behavior, increasing plant-
based and polyunsaturated fat intake, and engaging in
regular exercise. Under the guidance of an exercise
specialist, these strategies can reduce injury risk and
provide long-lasting relief.

Antl convulsants

Pregabalin

Gabapentin
SNSRI
Duloxetine
TCA's

pehavioural
interventions

Exercise

Reduced sedentary
behaviour

Dietary modification
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Figure 2: Management of DPN

Image Credit: Author Shaik Naveed
Treatment of refractory painful DPN

Topical Capsaicin (8% Patch): The European
Medicines Agency (EMA) has approved the use of a
high-dose capsaicin (8%) patch for treating painful
DPN [91]. This treatment mechanism involves
depleting the function of nociceptive nerve fibers,
leading to a temporary and reversible retraction of
hypersensitive ones [92]. Due to potential skin
irritation, application necessitates the use of protective
equipment. A single 30-minute application can provide
pain relief lasting up to 12 weeks, although initial
burning sensation at the application site may require
topical anesthetic cream [92].

Intravenous Lidocaine: While not universally
effective, studies have shown some efficacy of
intravenous lidocaine administration (5 mg/kg infusion
over 1 hour) in managing DPN pain [93,94]. This
approach may offer pain relief lasting up to a month
with a single application, but requires continuous
cardiac monitoring during the infusion due to potential
side effects [95].

Spinal Cord Stimulation (SCS) for Refractory DPN:
For patients who experience inadequate pain relief with
pharmacological interventions, implantable SCS
emerges as a valuable option [96]. SCS utilizes various
stimulation modalities, including burst, high-frequency,
and conventional waveforms. Research suggests that
conventional SCS therapy can provide significant pain
relief in approximately 60% of patients [97]. A
randomized controlled trial demonstrated even greater
efficacy with high-frequency (10 kHz) SCS. This study
found that 79% of patients with refractory DPN treated
with high-frequency SCS achieved >50% pain relief on
a visual analog scale, compared to only 5% relief
observed in the control group receiving standard
medical management [98]. These findings highlight the
potential of high-frequency SCS as a more effective
approach for managing pain in patients with DPN
unresponsive to medications.

Emerging Treatments

The search for effective treatments for painful DPN has
seen limited progress in recent years. Existing

2530

medications lack clear evidence on which works best,
either alone or in combination. Ongoing research offers
some promising leads, though. Clinical trials are
underway for several potential treatments, including
low-dose gabapentin and trazodone combination
therapy, antagonists of P2X receptor channels, and
cibinetide. These hold promise based on animal models
or early-stage human trials. However, further research
is needed to confirm their efficacy and safety for
managing painful DPN in patients [14].

Conclusion

DPN represents a significant health burden, requiring
comprehensive strategies focusing on prevention
through risk factor control, early diagnosis, and holistic
management approaches integrating medical, lifestyle,
and supportive care to mitigate its impact and improve
patient outcomes. A multidimensional approach
involving thorough assessment, targeted treatment
strategies, and ongoing monitoring is essential for
effectively managing diabetic peripheral neuropathy
and improving patient outcomes. Collaboration between
healthcare providers, patients, and caregivers plays a
crucial role in implementing a personalized care plan to
address the complex challenges associated with DPN. A
combination  of  supplementation  with  ALA,
benfotiamine, vitamin B12, and vitamin D, along with
non-pharmacological strategies, offers a comprehensive
approach to managing DPN symptoms and improving
the quality of life for individuals with this condition.

Acknowledgement

We sincerely thank the Central Research Laboratory,
Vinayaka Mission's Medical College and Hospital,
Karaikal, for the constant support in completing the
manuscript in a structured review. Their expertise was
invaluable in achieving our manuscript preparation and
publication of this work. Their contributions have
significantly enriched the quality and depth of our
review work.

References

1. Dyck PJ, Kratz KM, Karnes JL, et al. The
prevalence by staged severity of various types of
diabetic neuropathy, retinopathy, and nephropathy


http://www.jchr.org/

Journal of Chemical Health Risks

www.jchr.org

JCHR (2024) 14(3), 2520-2536 | ISSN:2251-6727

10.

in a population-based cohort: the Rochester
DiabeticNeuropathy Study. Neuro,1993, 43(817-
824). https://pubmed.ncbi.nlm.nih.gov/8469345/.
Tesfaye S, Boulton AJ, & Feldman DL.Diabetic
neuropathies: update on definitions, diagnostic
criteria, estimation of severity, and treatments.
Diab  Care. 2010, 33(10), 2285-2293.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC29
45176/

Treede RD, Jensen TS, Campbell JN, et al.
Neuropathic pain: redefinition and a grading
system for clinical and research purposes. Neur.
2008, 70(1630-1635).
https://pubmed.nchi.nlm.nih.gov/18003941/.

Misra A, GopalanH, Jayawardena R, et al.Diabetes
in developing countries. J of diab, 2019, 11(522-
539). https://pubmed.ncbi.nIm.nih.gov/30864190/.
World Health Organization [WHO], International
Diabetes Federation [IDF]. Diabetes Action Now.
2004. https://www.who.int/publications-detail-
redirect/diabetes-action-now

Dyck PJ, Davies JL, Wilson DM, et al. Risk factors
for severity of diabetic polyneuropathy: intensive
longitudinal assessment of the Rochester Diabetic
Neuropathy Study cohort. Diab Care. 1999,
22(1479-1486).
https://pubmed.nchi.nlm.nih.gov/10480512/.
Tesfaye S, Chaturvedi N, EatonS. E, et al.Vascular
risk factors and diabetic neuropathy. The. 2005,
352(341-350).
https://pubmed.ncbi.nlm.nih.gov/15673800/

Dyck PJ, Davies JL, Clark VM, et al. Modeling
chronic glycemic exposure variables as correlates
and predictors of microvascular complications of
diabetes. Diab Care. 2006, 29(2282-2288).
https://pubmed.ncbi.nlm.nih.gov/17003307/.

An J, Nichols GA, Qian L, Munis MA, et al.
(2021). Prevalence and incidence of microvascular
and macrovascular complications over 15 years
among patients with incident type 2 diabetes. BMJ
open diabetes research,
2(e001847).https://doi.org/10.1136/bmjdrc-2020-
001847.

Barbosa AP, Medina JL, Ramos EP& BarrosHP.
(2001): Prevalence and risk factors of clinical
diabetic polyneuropathy in a Portuguese primary
health care population. Diabetes & metabolism.
2001, 1:496-502.Prevalence and risk factors of

2531

11.

12.

13.

14,

15.

16.

17.

18.

19.

clinical diabetic polyneuropathy in a Portuguese
primary health care population - PubMed [nih.gov].
Watanabe K, Hagura R, Akanuma Y, et al.: (1990).
Characteristics of cranial nerve palsies in diabetic
patients. Diabetes research and clinical practice,
10[1], 19-27. https://doi.org/10.1016/0168-
8227[90]90077-7.

Liu X, Xu Y, An M, Zeng Q: The risk factors for
diabetic peripheral neuropathy: A meta-analysis.
PLoS One. 201920, 14:0212574.
https://doi.org/10.1371/journal.pone.0212574.11
Papanas N, & Ziegler D. (2015) Risk Factors and
Comorbidities in Diabetic Neuropathy: An Update.
2015, 12:48-
62.https://doi.org/10.1900/RDS.2015.12.48. 12
Sloan G, Selvarajah D &Tesfaye S. (2021).
Pathogenesis, diagnosis and clinical management
of diabetic sensorimotor peripheral neuropathy.
Nature reviews. Endocrinology, 17(7), 400-420.
https://doi.org/10.1038/s41574-021-00496-z.
Castellanos F, Mascias J, Zabala JA, et al.:(1996).
Acute painful diabetic neuropathy following severe
weight loss. Muscle & nerve, 19[4], 463-467.
https://doi.org/10.1002/[SICI]1097-
4598[199604]19:4<463::AID-MUS6>3.0.CO;2-
A.13

Steel JM, Young RJ, Lloyd GG, et al.: (1987).
Clinically apparent eating disorders in young
diabetic women: associations with painful
neuropathy and other complications. British
medical journal [Clinical research ed.], 294[6576],
859-862.
https://doi.org/10.1136/bmj.294.6576.859.

Lv WS, Zhao WJ, Gong SL, et al.: [2015]. Serum
25-hydroxyvitamin D levels and peripheral
neuropathy in patients with type 2 diabetes: a
systematic review and meta-analysis. Journal of
endocrinological investigation, 38[5], 513-518.
https://doi.org/10.1007/s40618-014-0210-6.
Karonova T, Stepanova A, et al.: [2020]. High-
Dose Vitamin D Supplementation Improves
Microcirculation and Reduces Inflammation in
Diabetic Neuropathy Patients. Nutrients, 12[9],
2518. https://doi.org/10.3390/nu12092518.

Tesfaye S, Wilhelm S, Lledo A, et al.;(2013).
Duloxetine and pregabalin: high-dose monotherapy
or their combination? The "COMBO-DN study"--a
multinational, randomized, double-blind, parallel-


http://www.jchr.org/
https://pubmed.ncbi.nlm.nih.gov/8469345/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2945176/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2945176/
https://pubmed.ncbi.nlm.nih.gov/18003941/
https://pubmed.ncbi.nlm.nih.gov/30864190/
https://www.who.int/publications-detail-redirect/diabetes-action-now
https://www.who.int/publications-detail-redirect/diabetes-action-now
https://pubmed.ncbi.nlm.nih.gov/10480512/
https://pubmed.ncbi.nlm.nih.gov/15673800/
https://pubmed.ncbi.nlm.nih.gov/17003307/
https://doi.org/10.1136/bmjdrc-2020-001847
https://doi.org/10.1136/bmjdrc-2020-001847
https://pubmed.ncbi.nlm.nih.gov/11547224/
https://pubmed.ncbi.nlm.nih.gov/11547224/
https://pubmed.ncbi.nlm.nih.gov/11547224/
https://doi.org/10.1016/0168-8227(90)90077-7
https://doi.org/10.1016/0168-8227(90)90077-7
https://doi.org/10.1371/journal.pone.0212574
https://doi.org/10.1900/RDS.2015.12.48
https://doi.org/10.1038/s41574-021-00496-z
https://doi.org/10.1002/(SICI)1097-4598(199604)19:4%3c463::AID-MUS6%3e3.0.CO;2-A
https://doi.org/10.1002/(SICI)1097-4598(199604)19:4%3c463::AID-MUS6%3e3.0.CO;2-A
https://doi.org/10.1002/(SICI)1097-4598(199604)19:4%3c463::AID-MUS6%3e3.0.CO;2-A
https://doi.org/10.1136/bmj.294.6576.859
https://doi.org/10.1007/s40618-014-0210-6
https://doi.org/10.3390/nu12092518

Journal of Chemical Health Risks

www.jchr.org

JCHR (2024) 14(3), 2520-2536 | ISSN:2251-6727

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

group study in patients with diabetic peripheral
neuropathic pain. Pain, 154[12], 2616-2625.
https://doi.org/10.1016/j.pain.2013.05.043.
Llewelyn JG, Thomas PK, & King RH. (1998).
Epineurialmicrovasculitis in proximal diabetic
neuropathy. Journal of neurology, 245[3], 159-165.
https://doi.org/10.1007/s004150050197.

Boulton AJ, Malik RA, et al.: (2004). Diabetic
somatic neuropathies. Diabetes care, 27[6], 1458—
1486. https://doi.org/10.2337/diacare.27.6.1458.
Archer AG, Watkins PJ, Thomas PK, et al.: (1983).
The natural history of acute painful neuropathy in
diabetes  mellitus.  Journal  of  neurology,
neurosurgery, and psychiatry, 46[6], 491-499.
https://doi.org/10.1136/jnnp.46.6.491.

Pop-Busui R, Lu J, Brooks MM, et al.:(2013).
Impact of glycemic control strategies on the
progression of diabetic peripheral neuropathy in the

Bypass Angioplasty Revascularization
Investigation 2 Diabetes [BARI 2D] Cohort.
Diabetes care, 36[10], 3208-3215.

https://doi.org/10.2337/dc13-0012.

Neuropathic pain in adults: pharmacological
management in non-specialist settings. London:
National Institute for Health and Care Excellence
(NICE); 2020 Sep 22. [NICE Clinical Guidelines,
No. 173] Available from:
https://www.ncbi.nIm.nih.gov/books/NBK552848/.
Papanas N, & Ziegler D. (2012). Prediabetic
neuropathy: does it exist?. Current diabetes reports,
12[4], 376-383. https://doi.org/10.1007/s11892-
012-0278-3.

Ward JD. [1982]. The diabetic leg. Diabetologia,
22[3], 141-147.
https://doi.org/10.1007/BF00283741.

Katoulis EC, Ebdon-Parry M, Lanshammar H, et
al.. [1997]. Gait abnormalities in diabetic
neuropathy. Diabetes care, 20[12], 1904-1907.
https://doi.org/10.2337/diacare.20.12.1904.
Cavanagh PR, Ulbrecht JS, & Caputo GM. [2000].
New developments in the biomechanics of the
diabetic foot. Diabetes/metabolism research and
reviews, 16 Suppl 1, S6-S10.
https://doi.org/10.1002/1520-
7560[200009/10]16:1+<::aid-dmrr130>3.0.co;2-z.
Reiber GE, Vileikyte L, Boyko EJ, et al.: [1999].
Causal pathways for incident lower-extremity
ulcers in patients with diabetes from two settings.

2532

30.

31.

32.

33.

34.

35.

36.

37.

Diabetes care, 22[1], 157-162.
https://doi.org/10.2337/diacare.22.1.157.

Dyck PJ, Albers JW, Andersen H, et al.:& Toronto
Expert Panel on Diabetic Neuropathy [2011].
Diabetic polyneuropathies: update on research
definition, diagnostic criteria and estimation of
severity.  Diabetes/metabolism  research  and
reviews, 27[7], 620-628.
https://doi.org/10.1002/dmrr.1226.

Weisman A, Bril V, Ngo M, et al.:(2013).
Identification and  prediction of  diabetic
sensorimotor polyneuropathy using individual and
simple combinations of nerve conduction study
parameters. PloS one, 8[3], e58783.
https://doi.org/10.1371/journal.pone.0058783.
Bejan-Angoulvant R, Saadatian-ElahiM, et al.
Effect of intensive glucose lowering treatment on
all cause mortality, cardiovascular death, and
microvascular events in type 2 diabetes: meta-
analysis of randomised controlled trials. BMJ.
Clinical research ed. 2011, 343, d4169.
https://doi.org/10.1136/bmj.d4169.

Kluding PM, Pasnoor M, Singh R, et al.: [2012].
The effect of exercise on neuropathic symptoms,
nerve function, and cutaneous innervation in people
with diabetic peripheral neuropathy. Journal of
diabetes and its complications, 26[5], 424-429.
https://doi.org/10.1016/j.jdiacomp.2012.05.007.
Feldman EL, Nave KA, Jensen TS, Bennett DLH.
New horizons in diabetic neuropathy: mechanisms,
bioenergetics, and pain.  Neuron [2017]
93[6]:1296-313. doi:
10.1016/j.neuron.2017.02.005.

Kobayashi M, &Zochodne, DW. [2020]. Diabetic
polyneuropathy: Bridging the translational gap.
Journal of the peripheral nervous system : JPNS,
25[2], 66-75. https://doi.org/10.1111/jns.12392.
Freeman OJ, Unwin RD, Dowsey AW, et al.
Metabolic dysfunction is restricted to the sciatic
nerve in experimental diabetic neuropathy.
Diabetes [2016] 65[1]:228-38. doi: 10.2337/db15-
0835.

Vargas-Soria M, Garcia-Alloza M, Corraliza-
Go 'mez M. Effects of diabetes on microglial
physiology: a systematic review of in vitro,
preclinical and clinical studies. J
Neuroinflammation ~ [2023]  20[1]:57.  doi:
10.1186/512974-023-02740-x.


http://www.jchr.org/
https://doi.org/10.1016/j.pain.2013.05.043
https://doi.org/10.1007/s004150050197
https://doi.org/10.2337/diacare.27.6.1458
https://doi.org/10.1136/jnnp.46.6.491
https://doi.org/10.2337/dc13-0012
https://www.ncbi.nlm.nih.gov/books/NBK552848/
https://doi.org/10.1007/s11892-012-0278-3
https://doi.org/10.1007/s11892-012-0278-3
https://doi.org/10.1007/BF00283741
https://doi.org/10.2337/diacare.20.12.1904
https://doi.org/10.1002/1520-7560(200009/10)16:1+%3c::aid-dmrr130%3e3.0.co;2-z
https://doi.org/10.1002/1520-7560(200009/10)16:1+%3c::aid-dmrr130%3e3.0.co;2-z
https://doi.org/10.2337/diacare.22.1.157
https://doi.org/10.1002/dmrr.1226
https://doi.org/10.1371/journal.pone.0058783
https://doi.org/10.1136/bmj.d4169
https://doi.org/10.1016/j.jdiacomp.2012.05.007
https://doi.org/10.1111/jns.12392

Journal of Chemical Health Risks

www.jchr.org

JCHR (2024) 14(3), 2520-2536 | ISSN:2251-6727

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Parwani K, Mandal P. Role of advanced glycation
end products and insulin resistance in diabetic
nephropathy.  Arch  PhysiolBiochem  [2023]
129[1]:95-107. doi:
10.1080/13813455.2020.1797106.

O’Brien PD, Hinder LM, Parlee SD, et al.: Dual
CCR2/CCR5 antagonist treatment attenuates
adipose inflammation, but not microvascular
complications in ob/ob mice. Diabetes ObesMetab
[2017] 19 [10]:1468-72. doi: 10.1111/dom.12950.
Ma X, Ma J, Leng T, et al.: Advances in oxidative
stress in pathogenesis of diabetic kidney disease
and efficacy of TCM intervention. Renal Failure.
[2023] 45[1]:2146512. doi:
10.1080/0886022X.2022.2146512.

Markoulli M, Flanagan J, Tummanapalli SS, et al.:

The impact of diabetes on corneal nerve
morphology and ocular surface integrity. Ocular
Surface [2018] 16[1]:45-57. doi:

10.1016/j.jt0s.2017.10.006.

Luppi P, Drain P. C-peptide antioxidant adaptive
pathways in b cells and diabetes. J Internal Med
[2017] 281[1]:7-24. doi: 10.1111/joim.12522.
Oshitari T. Advanced glycation end-products and
diabetic neuropathy of the retina. Int J MolSci
[2023] 24[3]:2927. doi: 10.3390/ijms24032927.
Brownlee M. Biochemistry and molecular cell
biology of diabetic complications. Nature [2001]
414[6865]:813-20. doi: 10.1038/414813a.

Chen YQ, Su M, Walia RR, et al.: [1998]. Sp1 sites
mediate activation of the plasminogen activator
inhibitor-1 promoter by glucose in vascular smooth
muscle cells. The Journal of biological chemistry,
273[14], 8225-8231.
https://doi.org/10.1074/jbc.273.14.8225.

WeigertC, Brodbeck K, Sawadogo M, et al.
Upstream stimulatory factor [USF] proteins induce
human TGF-betal gene activation via the glucose-
response element-1013/-1002 in mesangial cells:
up-regulation of USF activity by the hexosamine
biosynthetic  pathway. J BiolChem [2004]
279[16]:15908-15. doi: 10.1074/jbc.M313524200.
Hafer-Macko CE, lvey FM, et al.: Microvascular
tissue plasminogen activator is reduced in diabetic
neuropathy. Neurology [2007] 69 [3]:268-74. doi:
10.1212/01.wnl.0000266391.20707.83.

Yao K, Tan J, Gu W. Z, et al.: [2007]. Reactive
oxygen species mediates the apoptosis induced by

2533

49,

50.

51.

52.

53.

54,

55.

56.

transforming growth factor beta[2] in human lens
epithelial cells. Biochemical and biophysical
research communications, 354[1], 278-283.
https://doi.org/10.1016/j.bbrc.2006.12.198.

Le Rhun Y, Kirkland JB, Shah GM. Cellular
responses to DNA damage in the absence of
Poly[ADP-ribose] polymerase. BiochemBiophys
Res Commun [1998] 245 [1]:1-10. doi:
10.1006/bbrc.1998.8257.

Adki KM, Kulkarni YA. Biomarkers in diabetic
neuropathy.  Arch  PhysiolBiochem  [2023]
129[2]:460-75. doi:
10.1080/13813455.2020.1837183.

Elafros MA, Andersen H, Bennett DL, et al.
Towards prevention of diabetic peripheral
neuropathy: clinical presentation, pathogenesis, and
new treatments. Lancet Neurology [2022]
21[10]:922-36. doi: 10.1016/S1474-
4422[22]00188-0.

Pacher P, Szabé C. Role of poly [ADP-ribose]
polymerase-1 activation in the pathogenesis of
diabetic complications: endothelial dysfunction, as
a common underlying theme. Antioxid Redox
Signal [2005] 7[11-12]:1568-80. doi: 10.1089/
ars.2005.7.1568.

Drel VR, Lupachyk S, Shevalye H, et al.: New
therapeutic and biomarker discovery for peripheral
diabetic neuropathy: PARP inhibitor, nitrotyrosine,
and tumor necrosis factor-{alpha}. Endocrinology
[2010] 151 [6]:2547-55. doi: 10.1210/en.2009-
1342.

Huang TJ, Verkhratsky A, &Fernyhough P. [2005].
Insulin enhances mitochondrial inner membrane
potential and increases ATP levels through
phosphoinositide 3-kinase in adult sensory neurons.
Molecular and cellular neurosciences, 28[1], 42—
54. https://doi.org/10.1016/j.mcn.2004.08.009.
Rachana KS, Manu MS, Advirao GM. Insulin-
induced upregulation of lipoprotein lipase in
Schwann cells during diabetic peripheral
neuropathy. Diabetes Metab Syndrome. [2018]
12[4]:525-30. doi: 10.1016/j.dsx.2018.03.017.
Soltoff SP, Rabin SL, et al.: Nerve growth factor
promotes the activation of phosphatidylinositol 3-
kinase and its association with the trk tyrosine
kinase. J BiolChem [1992] 267[24]:17472—7. doi:
10.1016/S0021-9258[18]41950-3.


http://www.jchr.org/
https://doi.org/10.1074/jbc.273.14.8225
https://doi.org/10.1016/j.bbrc.2006.12.198
https://doi.org/10.1016/j.mcn.2004.08.009

Journal of Chemical Health Risks

www.jchr.org

JCHR (2024) 14(3), 2520-2536 | ISSN:2251-6727

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Grote CW, Morris JK, Ryals JM, et al.: Insulin
receptor substrate 2 expression and involvement in
neuronal insulin resistance in diabetic neuropathy.
Exp Diabetes Res [2011] 2011:212571. doi:
10.1155/2011/212571.

@stergaard L, Finnerup NB, Terkelsen AJ, et al.:
The effects of capillary dysfunction on oxygen and
glucose extraction in diabetic neuropathy.
Diabetologia. [2015] 58[4]:666—77. doi:
10.1007/s00125-014-3461-z.

Takeshita Y, Sato R, Kanda T. Blood-nerve barrier
[BNB] pathology in diabetic peripheral neuropathy
and in vitro human BNB model. Int J MolSci
[2020] 22[1]:62. doi: 10.3390/ijms22010062.
Giannini C, Dyck PJ. Basement membrane
reduplication and pericyte degeneration precede
development of diabetic polyneuropathy and are
associated with its severity. Ann Neurology [1995]
37[4]:498-504. doi: 10.1002/ana.410370412
Hutton SR, Otis JM, Kim EM, et al.: ERK/MAPK
signaling is required for pathway-specific striatal
motor functions. J Neurosci [2017] 37 [34]:8102—
15. doi: 10.1523/JNEURQSCI.0473-17.2017
Vieira WF, Malange KF, de Magalhées S. F, et al.:
[2022]. Anti-hyperalgesic effects of
photobiomodulation  therapy [904 nm] on
streptozotocin-induced diabetic neuropathy imply
MAPK  pathway and calcium  dynamics
modulation.  Scientific reports, 12[1], 16730.
https://doi.org/10.1038/s41598-022-19947-2.

Xu J, Ji J, & Yan X. H. [2012]. Cross-talk between
AMPK and mTOR in regulating energy balance.
Critical reviews in food science and nutrition,
52[5], 373-381.
https://doi.org/10.1080/10408398.2010.500245.
Allam MA, Nassar YA, Shabana HS, et al.:
Prevalence and clinical significance of subclinical
hypothyroidism in diabetic peripheral neuropathy.
Int J Gen Med [2021] 14:7755-61. doi:
10.2147/1JGM.S337779

Zhao W, Zeng H, Zhang X, et al.: A high thyroid
stimulating hormone level is associated with
diabetic peripheral neuropathy in type 2 diabetes
patients. Diabetes Res Clin Practice [2016]
115:122-9. doi: 10.1016/j.diabres.2016.01.018

Hu Y, Hu Z, Tang W, et al.: Association of thyroid
hormone levels with microvascular complications
in euthyroid type 2 diabetes mellitus patients.

2534

67.

68.

69.

70.

71.

72.

73.

74,

75.

Diabetes Metab Syndrome Obes [2022] 15:2467—
77. doi: 10.2147/DMS0.S354872

Ang L, Jaiswal M, Martin C, et al.: [2014]. Glucose
control and diabetic neuropathy: lessons from
recent large clinical trials. Current diabetes reports,
14[9], 528. https://doi.org/10.1007/s11892-014-
0528-7.

Alam U, Sloan G, &Tesfaye S. [2020]. Treating
Pain in Diabetic Neuropathy: Current and
Developmental Drugs. Drugs, 80[4], 363-384.
https://doi.org/10.1007/s40265-020-01259-2.

Ang L, Cowdin N, Mizokami-Stout, et al.: [2018].
Update on the Management of Diabetic
Neuropathy. Diabetes spectrum : a publication of
the American Diabetes Association, 31[3], 224—
233. https://doi.org/10.2337/ds18-0036.

Perkins B. A, Olaleye D, Zinman B, et al.: [2001].
Simple screening tests for peripheral neuropathy in
the diabetes clinic. Diabetes care, 24[2], 250—-256.
https://doi.org/10.2337/diacare.24.2.250.

Singleton JR, Bixby B, Russell J. W, et al.: [2008].
The Utah Early Neuropathy Scale: a sensitive
clinical scale for early sensory predominant
neuropathy. Journal of the peripheral nervous
system JPNS, 13[3], 218-2217.
https://doi.org/10.1111/j.1529-8027.2008.00180.x.
Schlesinger S, Herder C, Kannenberg J. M, et al.:
[2019]. General and Abdominal Obesity and
Incident Distal Sensorimotor Polyneuropathy:
Insights Into Inflammatory Biomarkers as Potential
Mediators in the KORA F4/FF4 Cohort. Diabetes
care, 42[2], 240-247. https://doi.org/10.2337/dc18-
1842,

Callaghan BC, Xia R, Reynolds E, et al.: [2016].
Association  Between  Metabolic  Syndrome
Components and Polyneuropathy in an Obese
Population. JAMA neurology, 73[12], 1468-1476.
https://doi.org/10.1001/jamaneurol.2016.3745
Andersson C, Guttorp P, &Sarkkd A. [2016].

Discovering early diabetic neuropathy from
epidermal nerve fiber patterns. Statistics in
medicine, 35[24], 4427-4442.

https://doi.org/10.1002/sim.7009.

Devigili G, Tugnoli V, Penza P, et al.: [2008]. The
diagnostic criteria for small fibre neuropathy: from
symptoms to neuropathology. Brain : a journal of
neurology, 131[Pt 7], 1912-1925.
https://doi.org/10.1093/brain/awn093.


http://www.jchr.org/
https://doi.org/10.1038/s41598-022-19947-2
https://doi.org/10.1080/10408398.2010.500245
https://doi.org/10.1007/s11892-014-0528-7
https://doi.org/10.1007/s11892-014-0528-7
https://doi.org/10.1007/s40265-020-01259-2
https://doi.org/10.2337/ds18-0036
https://doi.org/10.2337/diacare.24.2.250
https://doi.org/10.1111/j.1529-8027.2008.00180.x
https://doi.org/10.2337/dc18-1842
https://doi.org/10.2337/dc18-1842
https://doi.org/10.1001/jamaneurol.2016.3745
https://doi.org/10.1002/sim.7009
https://doi.org/10.1093/brain/awn093

Journal of Chemical Health Risks

www.jchr.org

JCHR (2024) 14(3), 2520-2536 | ISSN:2251-6727

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Jensen TS, Bach FW, Kastrup J, et al.: [1991].
Vibratory and thermal thresholds in diabetics with
and without clinical neuropathy.
ActaneurologicaScandinavica, 326-333.
https://doi.org/10.1111/j.1600-
0404.1991.th04963.x.

Price R, Smith D, Franklin G,& Callaghan, BC, et
al.: [2022]. Oral and Topical Treatment of Painful
Diabetic  Polyneuropathy: Practice  Guideline
Update Summary: Report of the AAN Guideline
Subcommittee.  Neurology,  98[1], 31-43.
https://doi.org/10.1212/WNL.0000000000013038.
Sun XK, Li R, Yang XL, &et al.: [2022]. Efficacy
and safety of topical oxygen therapy for diabetic
foot ulcers: An updated systematic review and
meta-analysis. International wound journal, 19[8],
2200-2209. https://doi.org/10.1111/iwj.13830.
Singleton JR, Marcus RL, Lessard MK, et al.:
[2015]. Supervised exercise improves cutaneous
reinnervation capacity in metabolic syndrome
patients. Annals of neurology, 77[1], 146-153.
https://doi.org/10.1002/ana.24310.

Smith AG, Russell J, Feldman EL, et al.: [2006].
Lifestyle intervention for pre-diabetic neuropathy.
Diabetes care, 29[6], 1294-1299.
https://doi.org/10.2337/dc06-0224.

Wernicke JF, Pritchett YL, D'Souza DN, et al.:
[2006]. A randomized controlled trial of duloxetine
in diabetic peripheral neuropathic pain. Neurology,
67[8], 1411-1420.
https://doi.org/10.1212/01.wnl.0000240225.04000.
la.

Dworkin RH, Jensen MP, Gammaitoni AR, et al.:
[2007]. Symptom profiles differ in patients with
neuropathic versus non-neuropathic pain. The
journal of pain, 8[2], 118-126.
https://doi.org/10.1016/j.jpain.2006.06.005.

Rodica Pop-Busui, Lynn Ang, Andrew JM.
Boulton, et al.: Diagnosis and Treatment of Painful
Diabetic Peripheral Neuropathy. ADA Clinical
Compendia 1 January 2022; 2022 [1]: 1-32.
https://doi.org/10.2337/db2022-01.

Frykberg RG. [2021]. Topical Wound Oxygen
Therapy in the Treatment of Chronic Diabetic Foot
Ulcers. Medicina [Kaunas, Lithuania], 57[9], 917.
https://doi.org/10.3390/medicina57090917.

Ziegler D, Papanas N, Schnell O, et al.: [2021].
Current concepts in the management of diabetic

84[4],

2535

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

polyneuropathy. Journal of diabetes investigation,
12[4], 464-475. https://doi.org/10.1111/jdi.13401.
American Diabetes Association [2021]. 3.
Prevention or Delay of Type 2 Diabetes: Standards
of Medical Care in Diabetes-2021. Diabetes care,
44[Suppl 1], S34-S39.
https://doi.org/10.2337/dc21-S003.

Didangelos T, Karlafti E, Kotzakioulafi E, et al.:
[2021]. Vitamin B12 Supplementation in Diabetic
Neuropathy: A 1-Year, Randomized, Double-
Blind, Placebo-Controlled Trial. Nutrients, 13[2],
395. https://doi.org/10.3390/nu13020395.
Ellenberg M. [1974]. Diabetic neuropathic
cachexia. Diabetes, 23[5], 418-423.
https://doi.org/10.2337/diab.23.5.418.

Amrein K, Scherkl M, Hoffmann M, et al.: [2020].
Vitamin D deficiency 2.0: an update on the current
status worldwide. European journal of clinical
nutrition, 74[11], 1498-1513.
https://doi.org/10.1038/s41430-020-0558-y.

Vinik A, Mehrabyan A, Colen L, et al.: [2004].
Focal entrapment neuropathies in diabetes.
Diabetes care, 27[7], 1783-1788.
https://doi.org/10.2337/diacare.27.7.1783.

Van Nooten F, Treur M, Pantiri K, et al. Capsaicin
8% patch versus oral neuropathic pain medications
for the treatment of painful diabetic peripheral
neuropathy: a systematic literature review and
network meta- analysis. Clin. Ther. 2017. 39, 787—
803.e18. 10.1016/j.clinthera.2017.02.010

Anand P & K. Bley. Topical capsaicin for pain
management: therapeutic potential and mechanisms
of action of the new high- concentration capsaicin
8% patch. Br. J. Anaesth. 2011. 107, 490-502.
10.1093/bja/aer260

Viola V, Newnham HH & Simpson RW. Treatment
of intractable painful diabetic neuropathy with
intravenous lignocaine. J. Diabetes Complications.
2006. 20, 34-39. 10.1016/j.jdiacomp.2005.05.007
Moulin DE, Morley- Forster PK, Pirani Z, et al.
Intravenous lidocaine in the management of
chronic  peripheral neuropathic  pain: a
randomized- controlled trial. Can. J. Anaesth. 20109.
66, 820-82. 10.1007/s12630-019-01395-8

Tesfaye S. et al. Electrical spinal- cord stimulation
for painful diabetic peripheral neuropathy. Lancet.
1996. 348, 1698-1701. 10.1016/S0140-
6736(96)02467-1


http://www.jchr.org/
https://doi.org/10.1111/j.1600-0404.1991.tb04963.x
https://doi.org/10.1111/j.1600-0404.1991.tb04963.x
https://doi.org/10.1212/WNL.0000000000013038
https://doi.org/10.1111/iwj.13830
https://doi.org/10.1002/ana.24310
https://doi.org/10.2337/dc06-0224
https://doi.org/10.1212/01.wnl.0000240225.04000.1a
https://doi.org/10.1212/01.wnl.0000240225.04000.1a
https://doi.org/10.1016/j.jpain.2006.06.005
https://doi.org/10.2337/db2022-01
https://doi.org/10.3390/medicina57090917
https://doi.org/10.1111/jdi.13401
https://doi.org/10.2337/dc21-S003
https://doi.org/10.3390/nu13020395
https://doi.org/10.2337/diab.23.5.418
https://doi.org/10.1038/s41430-020-0558-y
https://doi.org/10.2337/diacare.27.7.1783

Journal of Chemical Health Risks
www.jchr.org
JCHR (2024) 14(3), 2520-2536 | ISSN:2251-6727

96. Pluijms WA. et al. Electrical spinal cord
stimulation in painful diabetic polyneuropathy, a
systematic review on treatment efficacy and safety.
Eur. J. Pain. 2011 15,  783-788.
10.1016/j.ejpain.2011.01.010

97. Petersen EA. et al. Effect of high- frequency (10-
kHz) spinal cord stimulation in patients with
painful diabetic neuropathy: a randomized clinical
trial. 2021.10.1001/jamaneurol.2021.0538

98. Sloan G, Selvarajah D &Tesfaye S.: Pathogenesis,
diagnosis and clinical management of diabetic
sensorimotor  peripheral  neuropathy.  Nature
reviews. Endocrinology. 2021, 17:400-420.
10.1038/s41574-021-00496-2z

2536



http://www.jchr.org/

