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A Closer Look At Diabetic Neuropathy

Supplements have proven useful for improved management of diabetes and diabetes-related
complications such as neuropathy, wounds, cardiovascular complications, renal complications and
ophthalmic complications.

In looking at practical and rational therapies for the management of neuropathy, Singleton and Smith
noted that medication and lifestyle changes should aim at improving hyperglycemia and insulin
resistance, and reducing obesity and dyslipidemia.  With reference to specific pharmacologic therapy, the
authors noted that one should direct therapy at rational targets for known pathophysiology. Furthermore,
these authors noted that treatment should aim at prevention of complications such as ulceration.

1

In the patient with diabetes, there are well-documented, specific deficiencies. However, most podiatric
physicians are not trained in the use of supplements for the treatment or prevention of diabetes-related
pathology. Most podiatric physicians are not familiar with nutritional or supplement therapy, and the
literature relevant to the treatment of neuropathy. The majority of podiatric physicians tend to relegate
supplement therapy to complementary alternative therapies rather than looking at the potential for
disease prevention or resolution.

Examples of identified deficiencies include deficiencies of magnesium, calcium, zinc, riboflavin, folate
and vitamin A for the healing of diabetic foot wounds. In the case of neuropathy, long axons with smaller
cell bodies are most vulnerable to the effects of malnutrition, environmental insults and reduced vascular
supply with impaired autoregulation. The result is decreased blood flow to the nerves, relative ischemia,
hypoxia and oxidative stress.2

Chromium, for example, is a trace element required for glucose metabolism and lipid metabolism. The
administration of chromium is effective for reducing glucose levels and improving glucose metabolism as
well as decreasing insulin requirements. Chromium deficiency has been associated with increased serum
glucose levels, cholesterol and triglyceride levels, and decreased HDL levels.  Chromium deficiency has
been associated with both peripheral neuropathy as well as central nervous system disorders.
Researchers have shown that the administration of chromium picolinate decreases hemoglobin A1c.
Chromium increases insulin binding, insulin receptor site numbers and receptor fossa correlation.

3
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Alpha lipoic acid is an antioxidant that increases insulin sensitivity and improves glucose metabolism
diabetic neuropathy and vascular perfusion of tissues.

Polyphenols are antioxidants found in tea and dark chocolate. Researchers have found them to be
associated with protective cardiovascular effects as well as increased glucose control and insulin
activity.  A common source of such polyphenols is green tea.4

Cinnamon has an insulin-like activity. In a meta-analysis of 435 patients receiving cinnamon at a dose of
6 g per day, cinnamon had a beneficial effect on glycemic control with lowering of hemoglobin A1c as
well as fasting blood glucose levels.5

We have long known zinc supplementation to be helpful in diabetic wound healing. Zinc improves the
function of the immune system, providing antioxidant activity and glucose homeostasis. With reference to
wound healing, zinc stabilizes cell membranes, is an enzyme cofactor and is required for cell mitosis and
cell proliferation.  Zinc is required for cell growth and proliferation, for protein, DNA and RNA synthesis.
The administration of 50 or 20 mg of zinc per day improved wound healing within 24 hours.
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The role of supplements in diabetic management can be summarized by the conclusions of Boulton and
colleagues.  They noted "emerging evidence of positive findings with some natural products... has been
reported in glycemic parameters, markers of cardiovascular risk, and quality of life in individuals with type
2 diabetes. However, further investigation in well designed, adequately powered studies is needed.”

7

Diabetic neuropathy may manifest as sensory, motor or autonomic dysfunction. The most significant
complications of diabetic neuropathy are associated with loss of sensation. Although many patients with
diabetic neuropathy develop paresthesia and dysesthesia, the majority of patients affected by diabetic
neuropathy suffer from loss of sensation, with associated ulceration, Charcot joint disease, infection and
not infrequently, amputation. Additionally, motor neuropathy may manifest itself as aching pain, or a loss
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What You Should Know About The Treatment Of Diabetic
Neuropathy

Why You Should Consider Vitamin D Supplementation For
Diabetic Neuropathy

Can Vitamin B12 (Methylcobalamin) Supplementation Have
An Impact For Diabetic Neuropathy?

of intrinsic foot musculature and the development of bunions, hammertoes or metatarsal head prolapse.
In addition, motor neuropathy may be associated with decreased knee and ankle reflexes, and weakness
of the extrinsic foot musculature.

Diabetic autonomic neuropathy may be associated with decreased ability to sense the position of the
toes and feet, vasomotor instability, neuropathic edema, or cold paresthesia.  As the majority of patients
with diabetic neuropathy suffer from decreased or loss sensation rather than paresthesia or dysesthesia,
clinical examination by the podiatric physician is critical to determine the presence of neuropathy as the
patient may not be aware of sensory loss. Examination with a 128 Hz tuning fork, pinprick, 10 g filament
and ankle reflexes can determine the presence of diabetic neuropathy without the need of advanced
diagnostic testing, with an 87 percent sensitivity.  Therefore, the podiatric physician may generally
diagnose diabetic neuropathy in its most common presentation without the need of sophisticated or
advanced diagnostic modalities.

7
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Remember that diabetic neuropathy is a metabolic disorder. Therefore, the treatment of diabetic
neuropathy must include not only management of diabetes but reversal of those metabolic abnormalities
that cause diabetic neuropathy. A variety of metabolic disorders have been associated with diabetic
neuropathy. They include increased sorbitol accumulation, increased fructose, decreased myoinositol,
glycosylated end products, reactive oxygen species, decreased nitric oxide, activated protein kinase C
and decreased nerve growth factors, to name but some of the metabolic etiologies proposed for diabetic
neuropathy.7

The treatment of diabetic neuropathy therefore must include interdiction of symptomatology such as
paresthesia or dysesthesia, prevention of nerve degeneration and advancement of the neuropathic
process, and the enhancement of nerve regeneration.8

We generally consider vitamin D in discussions of bone metabolism and health. The effects of vitamin D
deficiency include decreased calcium absorption, increased risk of osteoporotic fractures, delayed
fracture healing, decreased neuromuscular coordination and muscle function. In addition, vitamin D plays
a significant role in wound healing, participating in cell growth and differentiation, reversal of
corticosteroid-induced epidermal atrophy, and the inhibition of hyperplastic epidermal tissue formation.
This results in increased rates of wound healing and increased wound tensile strength.

Recently, researchers have defined the role of vitamin D in diabetic neuropathy. Soderstrom and
coworkers noted that a significant number of patients with diabetic neuropathy suffered from vitamin D
deficiency.  This deficiency was most common in Hispanic Americans and non-Hispanic African-
Americans. Therefore, it is possible that some patients with diabetic neuropathy may benefit from the
simple administration of vitamin D.
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Increasingly, we have identified the role of vitamin B12 in diabetic neuropathy and the need to
supplement B12 in the patient with diabetes. Metformin, the most commonly utilized drug for the
treatment of diabetes, is associated with worsening of diabetic neuropathy due to the inhibition of folic
acid and B12 absorption as a result of the effects of metformin.10

Authors have demonstrated that the malabsorption of B12 and decreased folate levels associated with
metformin result in an increased homocysteine level and increased risk of neuropathy.  The
administration of B12 may be associated with a reversal of these effects. Homocysteine, when elevated,
results in endothelial damage and decreased blood flow to peripheral nerve tissue by thrombus formation
within the vascular supply to the nerve. In addition, homocysteine impairs the coupling of arginine and
oxygen for the formation of nitric oxide, which is necessary to maintain vascular supply and normal nerve
function.  Cobalamin deficiency, which is exacerbated by the utilization of metformin, increases risk of
neuropathy. B12 supplementation can be helpful in the reversal of this deficiency and neuropathy.
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In addition to those patients utilizing metformin, researchers have demonstrated that vitamin B12
deficiency and folate deficiency are associated with increased levels of homocysteine, increased
oxidative stress secondary to low levels of glutathione, and decreased total antioxidant activity.  Bailey
and colleagues noted that cobalamin deficiency is common and the majority of cases are subclinical.  In
addition, they have suggested that cobalamin serum testing is unreliable.
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Solomon demonstrated that functional B12 deficiency is common in the elderly and common in 62
percent of patients with diabetic neuropathy.  In these patients, normal serum cobalamin levels were
associated with markers for B12 deficiency such as elevated levels of methylmalonic acid and the
presence of neuropathy. Solomon showed that the administration of cobalamin reversed the effects of
functional B12 deficiency in many patients.
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Wyckoff and Ganji demonstrated that vitamin B12 deficiency may exist even in the presence of patients
who presumably have a "large intake" of B12.  They further demonstrated that classic markers of B12
deficiency such as macrocytic anemia are not reliable markers for B12 deficiency.

17

The administration of methylcobalamin at 1,500 mcg per day has been associated with normalization of
hemoglobin A1c and improved motor conduction velocity, thereby suggesting that vitamin B12 therapy
may be helpful in the reversal of diabetic motor neuropathy, or symptoms such as cramping.  Others
have demonstrated that the administration of methylcobalamin at 1,500 mcg daily was associated over
three months with relieved muscle cramping, improvement in motor conduction velocity, reduction in
neuropathic pain and improvement in two point discrimination, suggesting nerve regrowth.
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Yaqub and co-workers have demonstrated that methylcobalamin improves not only sensory but
autonomic nerve dysfunction symptoms as well.  With reference to autonomic neuropathy, multiple
studies have demonstrated the reversal of autonomic signs, autonomic symptoms and the normalization
of autonomic nerve dysfunction with the administration of methylcobalamin.  Authors have also
described a potential neuroprotective effect together with reversal of symptomatic sensory and
autonomic neuropathy.

20

21,22

23-26

More Current Features (/features)

More Jobs (/jobs)

you-should-consider-use-supplements-
management-diabetic-neuropathy&

redirect=https%3A%2F
%2Fgoto.webcasts.com%2Fviewer%2Flanding.jsp%3Fei%3D1047216

CURRENT FEATURES

Essential Keys To Managing Non-Unions
(/essential-keys-managing-non-unions)
Christopher L. Reeves, DPM, FACFAS, Amber M.
Shane, DPM, FACFAS, Trevor S. Payne, DPM, and
Jordan D. Cameron, DPM
991 reads | 0 comments

Point-Counterpoint: Should You Release
Soft Tissues For A Bunionectomy?
(/point-counterpoint-should-you-release-
soft-tissues-bunionectomy)
William Fishco, DPM, FACFAS, and Ronald Ray, DPM,
FACFAS
843 reads | 0 comments

Essential Insights On Dermoscopy Of
Plantar Pigmented Lesions (/essential-
insights-dermoscopy-plantar-pigmented-
lesions)
Myron Bodman, DPM
2,123 reads | 0 comments

A Guide To Microvascular Assessment
For Wound Healing (/guide-
microvascular-assessment-wound-
healing)
Michelle Winder, BS, and Stephanie Wu, DPM, MSc,
FACFAS
1,074 reads | 0 comments

A Closer Look At The Potential Of Bone
Lengthening Distraction Osteogenesis
(/closer-look-potential-
bone-lengthening-distraction-
osteogenesis)
Bradley M. Lamm, DPM, FACFAS, Jessica Knight, DPM,
AACFAS, and Simon P. Kelley, MBChB, FRCS (Tr and
Orth)
964 reads | 0 comments

CLASSIFIEDS

Podiatrist (http://healthjobconnect.com
/display-job/319/Podiatrist.html)
May 8, 2015

(http://hmpholdings.advertserve.com/servlet
/click/zone?zid=149&cid=1603&mid=1589&

pid=0&sid=23&
uuid=6907cebacb4171c5deac8a0b97743347&

ip=98.163.215.125&default=false&
random=20792039&

timestamp=20150530135107&test=false&
contextual=true&referrer=http%3A%2F

%2Fpodiatrytoday.com%2Fblogged%2Fwhy-
you-should-consider-use-supplements-

management-diabetic-neuropathy&
redirect=http%3A%2F

%2Fwww.podiatrytoday.com%2Ftablet_apps)

TOPIC CENTER
Achilles Tendonitis
(/search?keywords=Achilles%20Tendonitis)
AFO
(/search?keywords=AFO)
Amputation
(/search?keywords=Amputation)
Ankle Arthrodesis
(/search?keywords=Ankle%20Arthrodesis)
Ankle Fractures
(/search?keywords=Ankle%20Fractures)
Ankle Replacement
(/search?keywords=Ankle%20Replacement)
Athletic Shoes
(/search?keywords=Athletic%20Shoes)
Bioengineered Alternative
Tissues
(/search?keywords=Bioengineered%20Alternative%20Tissues)
Biomechanics
(/search?keywords=Biomechanics)
Bunionectomy
(/search?keywords=Bunionectomy)
Calcaneal Fractures
(/search?keywords=Calcaneal%20Fractures)
Charcot
(/search?keywords=Charcot)
Coding
(/search?keywords=Coding)
Custom Orthoses
(/search?keywords=Custom%20Orthoses)

Dermatology
(/search?keywords=Dermatology)
Diabetic Foot
(/search?keywords=Diabetic%20Foot)
Diabetic Foot Infection
(/search?keywords=Diabetic%20Foot%20Infection
Diabetic Foot Ulcer
(/search?keywords=Diabetic%20Foot%20Ulcer)
Diabetic Peripheral
Neuropathy
(/search?keywords=Diabetic%20Peripheral%20Neuropathy
EMR/EHR
(/search?keywords=EMR/EHR)
Fall Prevention
(/search?keywords=Fall%20Prevention)
Flatfoot
(/search?keywords=Flatfoot)
Hallux Valgus
(/search?keywords=Hallux%20Valgus)
Hammertoe
(/search?keywords=Hammertoe)
HBOT
(/search?keywords=HBOT)
Heel Pain
(/search?keywords=Heel%20Pain)
Jones Fracture
(/search?keywords=Jones%20Fracture)
Limb Salvage
(/search?keywords=Limb%20Salvage)

 (http://hmpholdings.advertserve.com/servlet/click/zone?zid=159&cid=1667&mid=1649&pid=0&sid=13&uuid=6907cebacb4171c5deac8a0b97743347&ip=98.163.215.125&default=false&

random=52844891&timestamp=20150530135104&test=false&contextual=true&referrer=http%3A%2F%2Fpodiatrytoday.com%2Fblogged%2Fwhy-you-should-consider-use-supplements-management-diabetic-
neuropathy&redirect=http%3A%2F%2Fwww.podiatrycme.com)

Get insights from top surgeons. Subscribe to our "Surgical Pearls" RSS Feed. Click here (http://www.podiatrytoday.com/surgicalpearls/feed)

Why You Should Consider The Use Of Supplements In T... http://www.podiatrytoday.com/blogged/why-you-should-co...

2 of 6 5/30/15 12:53 PM

eemd


eemd


eemd


eemd


eemd


eemd


eemd


eemd


eemd


eemd


eemd


eemd


eemd


eemd


eemd


eemd


eemd


eemd


eemd


eemd
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In Summary

Alpha lipoic acid is an antioxidant. Researchers have shown that the use of alpha lipoic acid in insulin-
resistant patients is associated with reduced body mass index, waist circumference and total cholesterol
as well as improved insulin sensitivity, and suggested it as an adjunctive therapy for the treatment of
patients with type 2 diabetes.  In the four-year NATHAN study, alpha lipoic acid demonstrated
meaningful symptom improvement and delay in the progression of neurologic deficits.

27

28

Alpha lipoic acid is a lipophilic free radical scavenger that patients tolerate well. One generally
administers it at a dosage of 600 mg-1,800 mg daily for effective clinical use in the treatment of
neuropathy. It is important to remember that an adequate dose of alpha lipoic acid with a minimum of
600 mg daily is typically required for the treatment of symptomatic diabetic neuropathy. The effectiveness
of alpha lipoic acid does not depend on the degree of metabolic control of diabetes. Multiple authors
utilizing alpha lipoic acid have shown a reduction in diabetic neuropathic symptoms as well as oxidative
stress.29-34

Acetyl-l-carnitine is an amino acid that is in frequent use for the treatment of Alzheimer’s disease,
depression, painful diabetic neuropathy, drug-related neuropathy, HIV neuropathy and chemotherapy-
related neuropathy. Neuropathy may be associated with a relative deficiency of acetyl-l-carnitine when
the demand exceeds synthesis. In the patient with diabetes, this may occur secondary to coexisting renal
disorders, hepatic disorders or the effects of certain drugs such as anticonvulsants for the treatment of
neuropathy.

Authors have described both the anti-nociceptive and neuroprotective effects of acetyl-l-carnitine as well
as the ability of acetyl-l-carnitine to contribute to glucose and lipid metabolism.  Several large studies
have demonstrated that at a dosage of 500-1,000 mg tid, acetyl-l-carnitine results in significant pain
reduction, improved vibratory perception, improved nerve conduction velocity, improved nerve amplitude
and nerve regeneration in the neuropathic patient.

35,36

37,38

The ability to decrease pain and improve electrodiagnostic studies as well as nerve regeneration has
resulted in a recommendation that acety-l-carnitine therapy start early following the diagnosis of
diabetes.  In addition, a dosage of 2 g per day has been associated with the reversal of cardiac
autonomic neuropathic symptoms and signs, the reversal of symptoms and signs of diabetic sensory
neuropathy, and time current improvement in both EKG and nerve conduction velocity studies.

39

40

L-methylfolate is the active form of folic acid. The administration of l-methylfolate has been associated
with increased levels of nitric oxide, thereby increasing blood flow to the peripheral nerve tissue.
Furthermore, l-methylfolate possesses antioxidant activity in addition to stimulating the production of
nitric oxide synthase. It is a critical factor in the reduction of serum homocysteine levels, which studies
have noted to be elevated in patients with diabetic neuropathy in comparison with patients with diabetes
without neuropathy.

13

41

Benfotiamine is a lipid soluble analog of vitamin B1. Oral benfotiamine increases levels of intracellular
thiamine diphosphate activating transketolase, which reduces advanced glycosylated end products. In
the presence of hyperglycemia, non-enzymatic glycosylation of nerve protein alters nerve protein
structure and function, resulting in or contributing to diabetic neuropathy. Studies have demonstrated a
reduction in subjective symptoms of pain as well as improved sensory conduction and compounded
nerve conduction with the use of benfotiamine.  Multiple studies have shown the clinical efficacy of
benfotiamine at a dosage of 300-600 mg daily.

29,42

43-46

Combinations of vitamin B have been effective in the treatment of diabetic neuropathy. Authors have
shown improvement in two-point discrimination, epidermal nerve fiber density count, neuropathy total
symptom score and quality of life measures, reduction in hospitalization and associated hospitalization
costs with the use of combination vitamin B therapy with l-methylfolate, methylcobalamin, and pyridoxal-
5-phosphate.  Researchers have also demonstrated synergistic effects with the use of benfotiamine
with B6, B12, gabapentin and carbamazepine.

47-51

42,52-53

Inositol plays a role in electrolyte flux across neural membranes. It may be deficient in patients with
diabetic neuropathy. Supplementation with 500 mg tid-qid has been helpful in the treatment of
neuropathy.54

A large body of scientific literature supports the use of supplements in the management of diabetes and
diabetes-associated complications such as peripheral neuropathy. Physicians frequently underutilize
these modalities primarily because the majority of healthcare providers are not familiar with the adjunctive
use of supplements for the management of diabetes and its complications, and are not familiar with the
supportive literature regarding the use of supplements for the treatment of diabetic neuropathy.

It is important to remember that diabetes is a metabolic disorder and diabetic neuropathy is the result of
these metabolic disorders. Although a variety of agents are useful for the treatment of symptoms,
supplements are helpful in assisting the reversal of the metabolic disorders responsible for diabetic
neuropathy. Not uncommonly, I will combine traditional anti-nociceptive agents such as gabapentin
(Neurontin, Pfizer), pregabalin (Lyrica, Pfizer) or amitriptyline (Elavil, Pfizer) with supplements so I can
concurrently treat the etiology of the pathology together with symptomatic treatment.

A variety of metabolic supplements are currently available for use in treatment of diabetic neuropathy. It is
important to consider whether the dosage of these supplements is adequate to accomplish the intended
goal and consistent with published literature regarding the effective use of supplements at particular
stated dosages.
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