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Abstract:

Plasma omentin-1 is a relatively new biomarker that has anti-diabetogenic and its level is inversely
related with insulin resistance and diabetes mellitus, thus, increasing the risk of diabetic
complications.
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Introduction:

Chronic intracellular hyperglycemia and genetic predisposition eventually affect the
microvasculature, leading to complications mainly from the kidneys, the eyes and the nervous
system. Diabetic nephropathy is the leading cause of end-stage renal disease (ESRD), diabetic
retinopathy (DR) is the main cause of blindness in the developed world, diabetic neuropathy is the
major risk factor for amputation and foot ulceration and finally, sexual dysfunction
disproportionately affects diabetic patients (1)

High clinical suspicion and early recognition of diabetic microvascular complications are
mandatory, as it is estimated that up to 25% of newly diagnosed patients with T2DM have already
developed one or more complications of DM (2).

1) Nephropathy (Diabetic Kidney Disease)

Diabetic nephropathy (DN), a chronic complication of diabetes, is the leading cause of end-stage
renal disease (ESRD) in the western world. The complication is characterized by both albuminuria
and progressive renal function loss (3). These functional alterations are primarily due to both

excessive accumulation of extracellular matrix in the mesangium and podocyte damage (4).

Pathogenesis of Diabetic Nephropathy

Podocytes form the glomerular filtration barrier together with the glomerular basement membrane
and the fenestrated glomerular endothelium (5). The junction between adjacent podocyte foot
processes (FP), named slit diaphragm, is the major restriction site to protein filtration in the
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glomeruli. Downregulation of slic diaphragm proteins, such as NPHS1/Nephrin and
NPHS2/Podocin, FP effacement, and podocyte apoptosis are early features of DN and major
determinants in the development of albuminuria (6).

Both hyperglycemia and Advanced glycated end products play an important role in the
pathogenesis of the podocyte injury in DN by inducing both oxidative stress and inflammation
(7). In addition, dysfunction of intracellular organelles also contributes to podocyte damage.
However, the mechanisms underlying podocyte impairment in DN are not fully understood (8).

Risk factors for Diabetic Nephropathy

A variety of risk factors promotes the development and progression of diabetic nephropathy,
including high glucose levels, obesity, dyslipidemia, elevated blood pressure, oxidative stress, and
others. Most of these risk factors are modifiable. Therefore, their intensive management is essential
for preventing and delaying the decline in renal function (9).

Chronic kidney disease (CKD) is diagnosed by the persistent elevation of urinary albumin
excretion (albuminuria), low estimated glomerular filtration rate (¢€GFR), or other manifestations
of kidney damage (10). CKD attributed to diabetes (diabetic kidney disease) in adults, occurs in
20-40% of patients with diabetes (11). Diabetic kidney disease (DKD) typically develops after a
diabetes duration of 10 years in TIDM (the most common presentation is 5-15 years after the

diagnosis of TIDM) but may be present at diagnosis of T2DM. CKD can progress to ESRD
requiring dialysis or kidney transplantation (12).

The typical presentation of diabetic kidney disease is considered to include a long-standing
duration of diabetes, retinopathy, albuminuria without gross hematuria, and gradually progressive
loss of eGFR (13). However, signs of diabetic kidney disease may be present at diagnosis or without
retinopathy in T2DM. Reduced ¢GFR without albuminuria has been frequently reported in type
1 and type 2 diabetes mellitus and is becoming more common over time (14).

Screening for albuminuria can be most easily performed by urinary albumin-to-creatinine ratio
(UACR) in a random spot urine collection (15). Timed or 24-h collections are more burdensome
and add little to prediction or accuracy. Measurement of a spot urine sample for albumin alone
(whether by immunoassay or by using a sensitive dipstick test specific for albuminuria) without
simultaneously measuring urine creatinine is less expensive but susceptible to false-negative and

false-positive determinations as a result of variation in urine concentration due to hydration (16).

Thus, to be useful for patient screening, semiquantitative or qualitative (dipstick) screening tests
should be >85% positive in those with moderately increased albuminuria (>30 mg/g) and
confirmed by albumin-to-creatinine values in an accredited laboratory (17). Hence, it is better to
simply collect a spot urine sample for albumin-to-creatinine ratio because it will ultimately need

to be done.

Normal albuminuria is defined as <30 mg/g creatinine, moderately elevated albuminuria is defined
as >30-300 mg/g creatinine, and severely elevated albuminuria is defined as >300 mg/g creatinine.
However, UACR is a continuous measurement, and differences within the normal and abnormal

ranges are associated with renal and cardiovascular outcomes (18).
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Furthermore, because of high biological variability of >20% between measurements in urinary
albumin excretion, two of three specimens of UACR collected within a 3- to 6-month period
should be abnormal before considering a patient to have moderately or severely elevated
albuminuria (19). Exercise within 24 h, infection, fever, congestive heart failure, marked

hyperglycemia, menstruation, and marked hypertension may elevate UACR independently of
kidney damage (20).

Traditionally, eGFR is calculated from serum creatinine using a validated formula (21). An eGFR
persistently <60 mL/min/1.73 m” in presence of a urinary albumin value of >30 mg/g creatinine is
considered abnormal, though optimal thresholds for clinical diagnosis are debated in older adults
over age 70 years (22). Additionally, increased use of cystatin C (another marker of ¢GFR) is
suggested in combination with the serum creatinine because combining filtration markers

(creatinine and cystatin C) is more accurate and would support better clinical decisions than either
marker alone (23).

For Staging of Chronic Kidney Disease, Stage 1 and stage 2 CKD are defined by evidence of high
albuminuria with eGFR >60 mL/min/1.73 m’, and stages 3—5 CKD are defined by progressively
lower ranges of ¢GFR (24) (Fig.1). At any eGFR, the degree of albuminuria is associated with risk
of cardiovascular disease (CVD), CKD progression, and mortality (18).
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Fig. (1): Risk of chronic kidney disease progression, frequency of visits, and referral to a
nephrologist according to glomerular filtration rate and albuminuria. The GFR and
albuminuria grid depicts the risk of progression, morbidity, and mortality by color, from
best to worst (green, yellow, orange, red, dark red). The numbers in the boxes are a guide to
the frequency of visits (number of times per year). Green can reflect CKD with normal
estimated GFR and albumin-to-creatinine ratio only in the presence of other markers of
kidney damage, such as imaging showing polycystic kidney disease or kidney biopsy
abnormalities, with follow-up measurements annually; yellow requires caution and
measurements at least once per year; orange requires measurements twice per year; red
requires measurements three times per year; and dark red requires measurements four times
per year. These are general parameters only, based on expert opinion, and underlying
comorbid conditions and disease state, as well as the likelihood of impacting a change in
management for any individual patient, must be taken into account. Adapted with
permission from (25).
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In particular, many antihypertensive medications (e.g., diuretics, ACE inhibitors, and angiotensin

receptor blockers ARBs) can reduce intravascular volume, renal blood flow, and/or glomerular
filtration (26). There was a concern that sodium—glucose cotransporter 2 (SGLT2) inhibitors may
promote AKI through volume depletion, particularly when combined with diuretics or other
medications that reduce glomerular filtration; however, this has not been found to be true in
randomized clinical outcome trials of advanced kidney disease (27) or high CVD risk with normal
kidney function (28).

Complications of CKD generally become prevalent when estimated glomerular filtration rate falls
below 60 mL/min/1.73 m’ (stage 3 CKD or greater) and become more common and severe as
CKD progresses. Evaluation of elevated blood pressure and volume overload should occur at every
clinical contact possible; laboratory evaluations are generally indicated every 612 months for stage
3 CKD, every 3-5 months for stage 4 CKD, and every 1-3 months for stage 5 CKD, or as
indicated to evaluate symptoms or changes in therapy (29).

There is a clear need for annual quantitative assessment of urinary albumin excretion. This is
especially true after a diagnosis of albuminuria, institution of ACE inhibitors or ARBs therapy to
maximum tolerated doses, and achievement of blood pressure targets. Early changes in kidney
function may be detected by increases in albuminuria before changes in ¢GFR (30), and this also
significantly affects cardiovascular risk. Moreover, an initial reduction of >30% from baseline,
subsequently maintained over at least 2 years, is considered a valid surrogate for renal benefit by

the Division of Cardiology and Nephrology of the U.S. Food and Drug Administration (31).

Continued surveillance can assess both response to therapy and disease progression and may aid in
assessing participation in ACE inhibitor or ARBs therapy. In addition, in clinical trials of ACE
inhibitors or ARBs therapy in T2DM, reducing albuminuria to levels <300 mg/g creatinine or by
>30% from baseline has been associated with improved renal and cardiovascular outcomes, leading
some to suggest that medications should be titrated to maximize reduction in urinary albumin
creatinine ratio. Data from post hoc analyses demonstrate less benefit on cardio-renal outcomes at
half doses of renin angiotensin aldosterone system blockade (RAAS) (32).

The only proven primary prevention interventions for CKD are blood glucose and blood pressure
control. There is no evidence that RAAS inhibitors or any other interventions prevent the
development of diabetic kidney disease. Thus, the American Diabetes Association does not
recommend routine use of these medications solely for the purpose of prevention of the
development of diabetic kidney disease (33).

Omentin 1 and nephropathy

Diabetic nephropathy develops in 30% to 40% of type2 diabetic patients and has become the
single most common microvascular complications of type 1 and type 2 diabetes mellitus and the

leading cause of ESRD worldwide (34)

The development of sustained proteinuria is the major criterion for the diagnosis of DN, the risk
of a progressive increase in albumin excretion to overt proteinuria within 6-14 years was 60-80%

(35)
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Adipose tissue actively participates in neuroendocrine, cardiovascular and immune systems by
secreting proteins and other products (called adipokines), as well as responding to neural,
hormonal, and nutritional signals (36).

Omentin-1 was shown to be predominantly expressed in visceral adipose tissue and was among the
first molecules known to exhibit such a dramatic difference in gene expression between the two
major fat depots. As a secretory factor, omentin-1 may be a novel hormone that is likely to act as
both an endocrine factor to modulate systemic metabolism, including insulin action in
subcutaneous adipocytes, and an autocrine and paracrine factor to regulate visceral adipose biology

locally (37).

Omentin-1 is an adipokine preferentially produced by visceral adipose tissue with insulin-
sensitizing effects and its expression was shown to be reduced in obesity, insulin resistance (IR) and

type 2 diabetes (38)

It is associated with macro- and microvascular complications of diabetes mellitus. Interleukin-6,
formerly called B-cell stimulatory factor- 2, is a multifunctional cytokine. IL-6 has a variety of
functions, including growth and differentiation of hematopoietic cells and the immune and
inflammatory responses. Recently, it was shown that IL-6 and omentin are implicated in
glomerulonephritis, including mesangial proliferative glomerulonephritis. Its level is highly
elevated in DN and associated with albumin excretion and renal hypertrophy (39).

Some evidence suggests an important role of inflammation in the pathogenesis and progression of
diabetic nephropathy. There is a correlation between early markers of diabetic nephropathy, such
as microalbuminuria and markers of inflammation in patients with type 2 DM (40).

Detection of serum omentin level may play an important role in early diagnosis and prevention of
diabetic nephropathy in T2DM. Decreased serum level of omentin-1 and increased serum levels
of IL-6 and insulin and raised HOMA-IR in cases suggest that insulin resistance and inflammation
are important mechanisms in the pathogenesis of diabetic nephropathy in type 2 diabetes mellitus
patients (41).

2) Diabetic Retinopathy

Diabetic retinopathy (DR), the most serious diabetic complication, is estimated to account for
4.8% of global blindness. Although major research has been concentrated on the elucidation of its
pathogenesis, the clear mechanism of DR is still unknown. Within the factors involved in the
mechanism of DR, inflammation is paid more attention during the past decade. Amultitude of
inflammatory mediators have been demonstrated to be involved in the mechanism of diabetic

retinopathy (42).

According to the epidemiological data shared by the American Academy of Ophthalmology, the
global burden of diabetes mellitus is 387 million, which is estimated to increase to 592 million by
2035. Ninety-three million people are globally affected by diabetic retinopathy. Prevalence of
diabetic retinopathy is 77.3% in type 1 diabetic patients and 25.1% in type 2 diabetic patients,
out of which approximately 25% to 30% are expected to develop vision-threatening diabetic
macular edema (43).
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Diabetic retinopathy affects people with diagnosed or undiagnosed diabetes mellitus. The
propensity to develop diabetic retinopathy is directly proportional to the patient's age and duration
of diabetes, as well as poor glycemic control and fluctuating blood pressure levels (44).

Risk factors for diabetic retinopathy can be classified into:

. Non-modifiable: Puberty and Pregnancy

. Modifiable: Hypertension, Obesity, Dyslipidemia, Poor glycemic control, and
Nephropathy

° Newer risk factors: Inflammation, Apolipoprotein, Hormonal influence - leptin and

adiponectin, Vitamin D, Oxidative stress, and Genetic factors (45).

Classification of diabetic retinopathy (46)

a) Mild non-proliferative retinopathy: Microaneurysms i.c., small swellings in the tiny
blood vessels of the retina will be formed.

b) Moderate non-proliferative retinopathy: As the disease progresses, some blood vessels
that nourish the retina are blocked.

) Severe non-proliferative retinopathy: More blood vessels are blocked, depriving several
areas of the retina of their blood supply. The affected areas of the retina begin to show signs of
ischemia such as blot hemorrhages, bleeding of the veins and intraretinal microvascular

abnormalities.

d) Proliferative retinopathy: At this advanced stage, the Vaso proliferative factors produced
by the retina begin to trigger the growth of new blood vessels. These new blood vessels are abnormal

and fragile.

Retinopathy can also begin to develop as carly as 7 years after diagnosis (47). The main
characteristics of diabetic retinopathy are vascular leakage, angiogenesis and neuronal degeneration
as described by Zhang et al., (48). Signs of diabetic retinopathy include; micro aneurysms dot and
blot hemorrhages, flame shaped hemorrhages, retinal edema, hard exudates, cotton wool spots and
macular oedema. Screening of diabetic retinopathy is done by Annual funduscopic examination

and digital photography (47).

The ACCORD trial of medical therapies demonstrated that intensive glycemic control reduced
the risk of progression of diabetic retinopathy in people with type 2 diabetes of 10 years duration

(49).

Moreover, maintaining an intensive blood pressure control in patients with type 2 diabetes was
found to reduce the incidence and progression of diabetic neuropathy over 4-5 years follow up.
Although tight targets (systolic blood pressure <120 mmHg) do not impart additional benefit over
targets of <140 mmHg (50).

Poor glycemic control, uncontrolled hypertension, dyslipidemia, nephropathy, male sex, and
obesity are associated with worsening diabetic retinopathy (51).
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Uncontrolled diabetes can lead to many ocular disorders like cataracts, glaucoma, ocular surface
disorders, recurrent stye, non-arteritic anterior ischemic optic neuropathy, diabetic papillopathy,
and diabetic retinopathy. Diabetic retinopathy eventually leads to blindness which is the most
common and severe ocular complication (52).

Pathogenesis of Diabetic Retinopathy

Chronic hyperglycemia is considered to be the primary pathogenic agent in DR, Hyperglycemia
leads to the activation of alternative pathways of glucose metabolism, including the polyol
pathway. The oxidative stress, protein kinase activation, and non-enzymatic protein glycation lead

to advanced glycation end products (AGEs) (53).

The result of these alternative pathways is the activation of cytokines along with the growth factors
and vascular endothelial dysfunction, which eventually leads to increased vascular permeability and
microvascular occlusion. Retinal ischemia, which occurs as a consequence of microvascular
occlusion, leads to the formation of intraretinal microvascular abnormalities and
neovascularization (54).

In the polyol pathway, glucose is reduced to sorbitol by the aldose reductase enzyme. The
impermeability of sorbitol leads to its accumulation in all retinal cells leading to osmotic damage
to the cells. Also, the use of NADPH during the reduction process leads to further oxidative
damage. Oxidative stress results from increased levels of reactive oxygen species (ROS), leading to
cell and tissue damage. Protein kinase C is involved in signal transduction. Its activation leads to
basement membrane alterations and vascular changes like increased vascular permeability, the

release of angiogenic growth factors, vascular stasis, and capillary occlusion (55).

In non-enzymatic protein glycation, reducing sugars react with free amino acids of nucleic acids,
proteins, and lipids leading to the formation of advanced glycation end products responsible for
the alterations in extracellular matrix proteins. The morphological changes seen in small retinal
vessels in DR include early loss of pericytes, basement membrane thickening, loss of endothelial
cells, increased vascular permeability, platelet aggregation, leukostasis, and capillary dropout (56).

Retinal ganglion cells (RGCs) are the only neurons that act as an action potential in the retina,
playing an important role in the visual production. Diabetic retinopathy is often accompanied by
neurodegeneration in the early stage in RGCs, leading to visual impairment. Moreover, it is also
pointed out that the occurrence of neurodegeneration in DR is earlier than that of microvascular
injury, which is the traditional pathological concept of DR, and it promotes the further
development of microvascular diseases. Therefore, RGCs play a vital role in DR (57).

Like other nerve cells, the damage of RGCs cannot be repaired by regeneration. Although some
researchers have realized the trans-differentiation of RGCs, its clinical application is still facing
great challenges. Therefore, it is very important to delay the occurrence and development of DR
by neuroprotective therapy (58).

Diabetic retinopathy does not only affect the micro vessels of the retina but also the Miiller cells,
which are the primary glial cells of the retina. The functions of Miiller cells are maintaining the
structural integrity of the retina, regulation of the blood-retinal barrier and retinal blood flow,
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uptake and recycling of various neurotransmitters, retinoic acid compounds, and ions (such as
potassium), regulation of metabolism and supply of nutrients to the retina (59).

In diabetes, there is continued potassium uptake leading to swelling of Miiller cells, which leads to
Muller cell dysfunction (60). Fluid accumulation inside the Muller cells is responsible for DME
(61). Early inner retinal neuronal and Miiller cell involvement may be noted in preclinical and

early clinical DR (62). Activation of Miiller cells and overexpression of glial fibrillary acidic protein
are noted in DR (59).

Hyperglycemia leads to the release of growth factors and cytokines /chemokines. Growth factors
as Vascular endothelial growth factor, Platelet-derived growth factor, Insulin-like growth factor,
Erythropoietin and others. Cytokines and chemokines as Interleukin-1p, Interleukin-6, Tumor
necrosis factor-a (63).

Omentin 1 and retinopathy

Omentin-1 could increase insulin stimulated glucose uptake and Akt phosphorylation in human
adipocytes. Decreased omentin-1 concentrations were found in patients with insulin resistance
(IR) and diabetes mellitus. Recently, omentin-1 was demonstrated to play an anti-inflammatory
role in vascular smooth cells. Inflammation is correlated with the development of DR. Therefore,
omentin-1 is hypothesized to play a role in DR development (39).

Omentin-1 plays an anti-inflammatory role through inhibition of tumor necrosis factor-alpha
[TNf-a] induced superoxide production in vascular smooth cells. Angiogenesis is thought to be
one of the underlying mechanisms of diabetic microvascular complications such as diabetic
nephropathy and DR. It was found that omentin-1 decreases in vitro migration and angiogenesis
in human endothelial cells induced by sera, C-reactive protein and VEGF. Thus omentin-1 appear
to be a protective adipokine that it induces vasodilation and inhibit endothelial cell migration,
vascular inflammation and angiogenesis as well as reducing endothelial dysfunction (64).

Omentin-1 treatment could enhance insulin-stimulated glucose uptake in human adipocytes. In
addition, omentin increased Akt phosphorylation in human adipocytes. Serum omentin- 1 levels
were lower in the impaired glucose regulation group than in the normal glucose tolerance (NGT)

group (65).

Serum and vitreous omentin-1 levels in PDR patients were both significantly elevated compared
with diabetic patients without DR, NPDR patients, and the controls. Vitreous omentin-1
concentrations are lower than serum omentin-1 concentrations. This indicates that vitreous
omentin- 1 may be caused by bleeding from the vascular system of the eyes. This hypothesis could
explain the similar reduction of plasma and vitreous omentin-1 concentrations. Omentin- 1 in
eyes may protect the eyes against DR development. Serum/vitreous omentin-1 ratio was positively
correlated with the presence and severity of DR. This indicates that serum/vitreous omentin-1
ratio may be utilized to predict or assess the development and progression of DR ( 44).

Angiogenesis is a key mechanism of DR. Omentin-1 could significantly decrease vascular
endothelial growth factor (VEGF) induced endothelial cell migration and angiogenesis in human

microvascular endothelial cells. This suggests that omentin-1 may serve as antiangiogenic mediator
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and play an important protective role in the development of DR through the antiangiogenic effects

(66).

Omentin was found to inhibit tumor necrosis factor- (TNF-) induced vascular inflammation in
human endothelial cells and vascular smooth muscle cells. Serum omentin-1 was reported to be
inversely associated with inflammatory cytokines such as TNF-a, interleukin-6 (IL-6), and C-
reactive protein. These results indicate the anti-inflammartory role of omentin- 1. Inflammation
has been suggested as a potential mechanism for DR. Omentin-1 may be involved in the
mechanism of DR via the inhibitory role of inflammatory pathway. In short, serum and vitreous
omentin-1 levels, as well as serum/vitreous omentin-1 ratio, are correlated with the presence and

severity of DR (67).

3) Diabetic Neuropathy

Among the complications of DM, a group of clinical syndromes caused by damage to the
peripheral and autonomic nervous systems generally referred to as different forms of neuropathy,
these syndromes are caused by diffuse and focal nervous system damage and occur in up to half of
all individuals with the most common form of diabetic neuropathy is Distal symmetric

polyneuropathy (DSPN) (68).

The global epidemic of diabetes and its most common complication, neuropathy, requires a public
health mandate to address modifiable risk factors with growing urgency. Without successful
intervention, it is estimated that of the expected 9.7 billion individuals living in 2050, one-third
will have DM and half of those will have neuropathy (69).

The duration of diabetes and hemoglobin Alc (HbAlc) levels are major predictors of diabetic
neuropathy (70). These two predictors are commonly associated with other metabolic factors that
are correlated with diabetic neuropathy, particularly in T2DM, such as insulin resistance and
hypertension. Obesity is common in patients with neuropathy in population-based studies in
multiple countries, including the United States, Denmark, China and the Netherlands (71).
Independent of HbA, levels, the number of metabolic syndrome components, such as
hypertriglyceridemia, hypertension, abdominal obesity and low high-density lipoprotein (HDL)
levels, is consistently associated with diabetic neuropathy in patients with T2DM (72). Other
independent risk factors for the development of diabetic neuropathy include smoking, alcohol

abuse, increased height and older age (68).

Several genes are linked to diabetic neuropathy, but only ACE (angiotensin-converting enzyme)
and MTHEFR (methylene tetrahydrofolate reductase) polymorphisms have been studied in
multiple populations including large cohorts. Much more research is needed to better understand
the role of genetics in the development of diabetic neuropathy (73).

Risk factors for painful diabetic neuropathy

For assessing the risk factors for neuropathic pain in diabetic neuropathy there are a number of
interesting factors that have emerged subsequently. Consistent with risk factors for many
neuropathic pain disorders, female sex is a risk factor for painful diabetic neuropathy (74). Several
metabolic factors are associated with painful diabetic neuropathy compared with painless diabetic
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neuropathy, including poor glycaemic control (75), impaired renal function (76) and high body
mass index (BMI) (77). These factors might be associated with neuropathy progression.

The diabetic neuropathies encompass a heterogeneous group of clinical syndromes. Typically,
these syndromes are categorized according to their pattern of neurological involvement.

> Neuropathic syndromes occurring in DM, other than diabetic sensorimotor peripheral
neuropathy: -
. Acute painful-distal sensory polyneuropathies

These acute painful polyneuropathies are induced by hyperglycemia or treatment. Two distinct
presentations exist, which occur either in the context of poor diabetes mellitus control, often
associated with weight loss, or following rapid improvements in glucose control (treatment-
induced neuropathy of diabetes). An acute ‘stocking and glove’ pattern of painful sensory
neuropathy presents within weeks, with small-fiber neuropathic deficits. Management is focused
on relieving pain and on the maintenance of optimal glycemic control (78).

° Autonomic neuropathies

Abnormalities of autonomic function are very common in patients with longstanding diabetes
mellitus. Several systems might be affected, with cardiac autonomic neuropathy being the most
prevalent. The cornerstone for the prevention or delay of progression of cardiac autonomic
neuropathy is early achievement of tight glycemic control and multifactorial cardiometabolic risk

reduction (79).

° Focal or multifocal neuropathies

Focal neuropathies are secondary to nerve compression or microvasculitis. The latter mainly affect

middle-aged or older patients, are more common in men than in women and have a rapid onset

(80).

. Mononeuropathy and mononeuritis multiplex

Cranial nerve palsies (for example, third cranial nerve palsy) are the most common
mononeuropathies. Mononeuritis multiplex has also been described in diabetes mellitus, but this
is rare (80).

° Radiculoplexus neuropathy

The most common disorder is lumbosacral radiculo-plexopathy. Patients present with subacute,
painful, unilateral lower-limb neuropathy associated with weight loss. Proximal muscle weakness,
often affecting the lower limbs (amyotrophy) is associated with neuropathic pain and can be

profoundly disabling (81).

Truncal radiculopathy causes neuropathic pain in a radicular distribution and might be associated
with pain and muscular weakness, classically causing out-pouching of the abdominal wall (82).

° Entrapment neuropathies
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Entrapment neuropathies most commonly involve the median, ulnar and peroneal nerves.
Diagnosis requires nerve conduction studies, although this might be challenging when there is
concurrent diabetic sensorimotor peripheral neuropathy (83).

Pathogenesis of Diabetic Neuropathy

Diabetic neuropathy is a unique neurodegenerative disorder of the peripheral nervous system that
targets sensory axons, autonomic axons and later, to a lesser extent, motor axons. How diabetes mellitus
targets sensory neurons remains debated. Progressive diabetic neuropathy involves retraction and ‘dying
back’ of terminal sensory axons in the periphery, with relative preservation of the perikarya (cell bodies).
Its ‘stocking and glove’ pattern of involvement reflects damage to the longest sensory axons first with,
for example, loss of distal leg epidermal axons preceding loss in more proximal limbs; for this reason,
diabetic neuropathy is considered a length-dependent neuropathy (84).

Substantial experimental evidence supports the idea that the entire neuron, from the perikaryon to
the terminal, is targeted by diabetes. However, whether damage first targets peripheral axons and
their associated Schwann cells or the neuron perikarya that reside in the dorsal root ganglia and act
to support the axons are debated as shown in (Fig.2) (85).

Whether diabetes promotes intrinsic programs within axons that facilitate axonal degeneration is
unclear. Studies of Wallerian degeneration have identified intracellular signaling pathways that
actively induce axonal degeneration, and mononucleotide adenyl transferase seems to be a key
regulator of this pathway. However, whether these pathways are activated in diabetes is not yet

clear (86).

Changes in axons, especially distal terminals, are associated with changes in the neuronal perikarya.
Indeed, sensory neurons within the dorsal root ganglion (DRG) alter their phenotype in chronic
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experimental diabetes, which might be critical in how they support distal axon branches. Preclinical
studies in diabetic rodents also associate endoplasmic reticulum stress with diabetes-mediated
peripheral nerve damage that would affect nerve function (87).

Fig. (2): The peripheral nervous system and alterations in diabetic neuropathy. Sensory
neurons relay sensory information from their nerve terminals (which are located throughout
the periphery) to the dorsal horn of the spinal cord. The cell bodies of these sensory neurons
are located in the dorsal root ganglia. Conversely, the cell bodies of motor neurons reside in
the spinal cord ventral horn and transmit information from here to the periphery. Thin and

unmyelinated sensory axons (C fibers or small fibers) are grouped together by non-
myelinating Schwann cells into Remake bundles and represent a large portion of neurons of
the peripheral nervous system. Adapted with permission from (88).

In vitro and in vivo experiments in rodent models have demonstrated that hyperglycemia alters the
function of key plasticity molecules, such as growth-associated protein 43 (also known as
neuromodulin) and B-tubulin, and the expression patterns of heat shock proteins (89) and poly
ADP-ribose polymerase (90) in the DRG. Although the mechanisms of injury remain under
investigation, data suggest that dysfunction in these pathways promotes abnormal protein

processing, oxidative damage and mitochondrial dysfunction, leading to loss of peripheral nerve
function (88).

Some studies have demonstrated a range of both mRNA and microRNA alterations in DRG
sensory neurons exposed to chronic hyperglycemia (91).

Other specific changes in the DRG and nerve function can be linked to diabetic neuropathy,
including altered spliceosome function, changes in expression of survival motor neuron protein

and upregulation of GW-bodies (sites of mRNA processing) (82).

How the peripheral nervous system uses substrates for energy, especially in diabetes, is necessary to
understand the pathogenesis of diabetic neuropathy. In Schwann cells, DRG neurons and axons,
both glucose and fatty acids produce NADH and FADH, via glycolysis and the tricarboxylic acid
cycle (glucose) and B-oxidation (fatty acids). When long-chain fatty acids are transported into
Schwann cells to undergo B-oxidation, each B-oxidation cycle forms one molecule of acetyl-CoA,
which is transported to the tricarboxylic acid cycle for NADH and FADH, formation. However,
during substrate overload, such as in diabetes, the transport system becomes saturated, and acetyl-
CoA molecules are converted to acyl carnitines. The accumulation of acyl carnitines is toxic to
both Schwann cells and DRG neurons, adding to the ongoing nervous system injury in diabetic
neuropathy. Accumulated acyl carnitines are released from Schwann cells and can induce axonal
degeneration, which has been proposed to involve mitochondrial dysfunction and a maladaptive

integrated stress response in Schwann cells (93).

NADH and FADH, are shuttled in the mitochondria through Complexes I-IV to produce ATP
through oxidative phosphorylation. A byproduct of oxidative phosphorylation is the production
of low levels of reactive oxygen species that are easily neutralized by innate cellular antioxidants,
such as superoxide dismutase, glutathione and catalase (94). However, during excess substrate load,
such as in diabetes, oxidative phosphorylation fails, leading to loss of ATP production and
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increased ROS levels, which subsequently leads to mitochondrial failure and metabolic and

oxidative damage of Schwann cells and DRG neurons (95).

Dysfunctional mitochondria produce insufficient energy and lose the ability to normally traffic
down axons, further promoting axonal disruption and injury (96).

Increased glucose levels lead to glucose metabolism via the polyol and hexosamine pathways,
resulting in increased ROS and inflammation, respectively, largely owing to mitochondrial injury
(88) which contributes to ongoing nervous system dysfunction. Increased glucose levels lead to the
glycation of numerous structural and functional proteins to produce AGEs. AGEs result in altered
or loss of protein function and interact with AGE-specific receptor to modify gene expression and
intracellular signalling and promote the release of pro-inflammatory molecules and free radicals

97).

In parallel, the excessive free fatty acids catabolized by B-oxidation in response to hyperlipidemia
can injure the peripheral nervous system, particularly Schwann cell (98), through ROS generation
and systemic and local inflammation via macrophage activation with subsequent cytokine and

chemokine production (99) (Fig. 3).

, T Glucose ::_D\,-slipidacmia_:: . . . . v .
l (TLDL) ([T FFAs]
v ¥ |
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Fig. (3): Diabetic neuropathy pathogenesis. Hyperglycemia and dyslipidemia, together with

altered insulin signaling, lead to several pathological alterations in neurons, glia and vascular

cells that can lead to nerve dysfunction and ultimately, neuropathy, including DNA damage
endoplasmic reticulum stress, mitochondrial dysfunction, neurodegeneration, and loss of
neurotrophic signaling, and can trigger macrophage activation. The importance of these

pathways in the development of neuropathy varies with cell type, disease profile and time, as

distinct cell types are susceptible to injury depending on the metabolic impairments.
Adapted with permission from (96).
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Omentin 1 and neuropathy

Omentin inhibits TNF-a-induced vascular inflammation, correlates with adiponectin and exerts
cardioprotective effects through 5’ adenosine monophosphate-activated protein kinase and protein
kinase B (Akt)-dependent mechanism. The anti-inflammatory properties of omentin may therefore
contribute to the reduced risk of diabetic complications; however, our results indicate that TNF-a
and adiponectin explain only a small proportion of the inverse association between omentin and
polyneuropathy and therefore point towards the relevance of other pathophysiological pathways
that are not directly related to inflammatory processes (100).

Regarding additional mechanisms that could link omentin and diabetic neuropathy, data are very
scarce. A specific receptor on the surface of omentin-responsive cells has not yet been identified,
and our knowledge of the intracellular signalling cascades that are affected by omentin is limited
to the inflammation-related pathways mentioned above. Omentin binds to lactoferrin, an iron-
binding protein that has been associated with insulin resistance; however, it is not known whether

this interaction has any direct relevance for the development of neuropathic symptoms (101).
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