
Peripheral neuropathy (PN) is a commonly encountered
disorder of the nervous system in the Indian popula-

tion. The disease process can start from systematic ill-
nesses, toxins etc and leads to impairment and damage of

nerves1. Its association with a myriad of aetiological fac-
tors makes it a diagnostic and therapeutic challenge to treat-
ing physicians, especially for those in primary care. While
diabetes is recognised as the most common cause of PN,
alcohol misuse, infectious diseases, deficiencies of neuro-
tropic vitamins, toxins and many other causes, are docu-
mented to cause PN with varying prevalence numbers.
Additionally, a significant number of patients suffer from
PN without any identifiable cause (idiopathic neuropathy)
which further complicates effective management for the
treating physician2,3. A further barrier is the poor docu-
mentation of the disease and its respective causeleading
to a lack of information on the high risk populations and
possibly suffering patients.

In the Indian subcontinent, diabetes is still the most
common cause of PN. However, contrary to the global
picture, where diabetes remains the leading cause, in In-
dia other causes are also highly prevalent, albeit not very
well documented. In view of the wide-spectrum of agents/

Review   Article
Consensus recommendations for the management of
peripheral neuropathy in India
A V Srinivasan 1, S Paranjothi 2, Kalyan B Bhattacharyya 3, Debasish Maji 4, Daya Kishore Hazra 5,
Pradeep Talwalkar 6, Sanjiv Shah 7, Rakesh Kumar Sahay 8, Deepak Khandelwal 9

Peripheral neuropathy (PN) poses a high disease burden in India as compared to developed coun-
tries, owing to higher prevalence of diabetes cases, nutritional deficiencies, infectious diseases, and
exposure to toxins. There are currently no Indian clinical guidelines in place for the management of
this neurological condition. Hence, there exists a need to develop standard guidelines for manage-
ment of PN specific to the Indian population considering international guidelines may not be fully
applicable to this patient population.  To better understand the causes and management of PN in India
and develop a multi-disciplinary expert consensus statement providing guidance to primary care
physicians for the diagnosis and treatment of PN in India. In November 2017, a meeting of experts in
the field of neuropathy, including neurologists, diabetologists, and endocrinologists was conducted
in Chennai, India. The expert committee discussed underlying causes, current clinical practice(s) for
diagnosis, treatment guidelines and alternative treatment options for PN in India. The group of experts
arrived at consensus-based recommendations for (a) simple steps for diagnosis and (b) treatment as
per the guidelines and treatment options used in clinical practice in India. Recommendations based
on consensus on PN management in India were developed. The experts developed a simple, four-
step, clinical diagnostic checklist as a guidance tool to help improve the diagnosis and identification
of the cause of PN by primary care physicians. For treatment, the experts recommended that in addi-
tion to symptom management, treatment of underlying cause and restoration of nerve health is a vital
step in PN management. The importance of alternative treatment options such as neurotropic B vita-
mins and alpha-lipoic acid, in the treatment of PN and nerve health restoration was highlighted. The
expert group also discussed prophylactic, therapeutic and maintenance treatment options in different
patient settings.  This consensus statement is aimed at providing useful clinical guidance to primary
care physicians on PN diagnosis, treatment and management. Nonetheless, there is a need for further
experience-based cross-speciality deliberations to formulate holistic guidelines for the management
and treatment of PN in India. [J Indian Med Assoc 2018; 116:  45-55]

Key words : Peripheral neuropathy, neuropathic pain, vitamin B12, alpha-lipoic acid, neurotropic B vitamins

1MD, DM, Emeritus Professor, The Tamilnadu Dr MGR Medical
University, Chennai 600032

2MD, DM, Senior Consultant in Neurology, Institute of Neuro-
sciences, Pondicherry 605013

3MD, DM, Head, Department of Neuromedicine RG Kar Medical
College, Kolkata 700004

4MD, DM, Professor and HOD, Vivekananda Institute of Medical
Sciences, Kolkata 700026

5MD, MSc Chief Consultant, Boston Medical Centre, Agra 282005
6MD, Consultant Diabetologist,Shushrusha Hospital, Mumbai

400083
7MBBS, MD, Endocrinologist,Nanavati Super-Speciality Hospital,

Mumbai 400056
8MD, DM,Professor and Head, Department of Endocrinology,

Osmania Medical College & Hospital, Hyderabad 500095
9MD, DM, Senior Consultant, Endocrinology and Diabetes, Maha-

raja Agrasen Hospital, Delhi 110026

JOURNAL OF THE INDIAN MEDICAL ASSOCIATION, VOL 116, NO 10, OCTOBER, 2018  |  45



factors involved in the aetiology of PN, primary care phy-
sicians (PCPs) as well as specialists like neurologists, der-
matologists, endocrinologists, orthopaedics etc. play an
important role in the management of PN4,5.

In order to better understand the causes and manage-
ment of PN in India and to develop a multi-disciplinary
expert consensus statement providing guidance to PCPs
for the diagnosis and treatment of PN in India, a group of
experts including neurologists, diabetologists, and endo-
crinologists, formed a consensus panel and met in Novem-
ber 2017 in Chennai.

Although therapeutic advancement in treatment of PN
is rapidly progressing, due to the insidious nature of this
disease and lack of protocol/guidelines/consensus among
physicians, treatment can be frustrating for both physicians
and patients alike.

In India, the scientific literature on PN, to which phy-
sicians can refer for best practice, is inconsistent with re-
gards to aetiological, diagnostic, and evidence-based rec-
ommendations1,6-9.

This paper summarises outcomes of the discussions
undertaken by the aforementioned experts along with their
recommendations for best clinical practices as a guidance
for PCPs and physicians from different specialties.

Epidemiology of Peripheral Neuropathy in
India :

Underestimated Burden of PN and its Clinical Rel-
evance

PN is generally associated with symptoms of numb-
ness, stabbing pain, tingling and burning sensation with
deranged neural conduction, often affecting nerves in the
extremities but also other parts of peripheral nerves. Preva-
lence of PN varies as a function of casual factors includ-
ing the prevalence of underlying disease specifically as-
sociated with PN and environmental risk factors. Globally,
different sources report different prevalence levels due to
non-uniformity in case definition and case ascertain-
ment10,11. Studies in different countries also report adopt-
ing the World Health Organization (WHO) protocol for
diagnosis of PN which revealed variable prevalence across
countries, ranging from 0.8 to 32.5 per 1,000 popula-
tion1,12,13-15.

The epidemiological picture of PN in India is some-
what different from the global context. The expert panel
speculated, this may be due to presence of multiple
ethnicity, culture, varied environmental factors etc. Com-
munity based studies in India show a prevalence that ranges
from 0.5 (0.05%) to as high as 240 per 1,000 (24%) popu-
lation1. The older population is affected more (30-40%)
as compared to younger population (2-8%), as a result of
higher prevalence of other diseases, medication intake, and
other cumulating factors which are associated with the

ageing process1,16. Geographically, significant variation in
prevalence has been reported between different regions
and also in urban versus rural areas1. While this may be
attributed by location specific environmental factors, lack
of clinical documentation could be another important fac-
tor leading to this observation.

The expert group at the consensus meeting expressed
their concern that in India, PN is likely to be significantly
under-diagnosed and hence, the burden of disease under-
estimated. They acknowledged thatthere is a lack of suffi-
cient data available to understand epidemiology of PN in
India creating a burden for PCPs not having a clear pic-
ture on the patients they have to identify. Negligence of
mild and nagging symptoms of PN by physicians or lack
of awareness on the �at risk� population were identified as
major causes for under-diagnosis of PN in India.

Aetiology of PN is Different in the Indian Context
Epidemiology of PN suggests involvement of a num-

ber of causative agents or pathological processes. The ex-
pert panel agreed that identifying the most common causes
of PN is the first key step for PCPstowards improving the
diagnosis of PN. Many studies outside India suggest that
the most common cause of neuropathy as well as poly-
neuropathy is diabetes (34.8%), followed by alcoholic
neuropathy (11.1%). The aetiology remains unknown
inapproximately 22% of cases17.

In the opinion of the experts, diabetes is the most com-
mon cause of PN in India as well. However, while preva-
lence of PN in diabetic patients was more than 50% in
western countries18, literature reports a prevalence of 10
to 32% in India1. A range is reported as different outcomes
are documented in different sources, which might reflect
the heterogeneity of the population across India. Whether
the number differs from the globally reported prevalence
due to a higher number of undiagnosed and unreported
PN cases remains unknown.The experts highlighted that
the documentation is not consistent and not appropriate.
In their opinion diabetic patients have a higher prevalence
of neuropathy than those in developed countries due to
greater prevalence of concomitant causes. Furthermore,
experts anticipate the incidence of PN to rise in India, as a
result of increasing number of diabetic patients from 73
million in 2017 to 134 million expected in 204519.

Experts further highlighted that in India, unlike in west-
ern countries, infectious diseases are still highly prevalent
and are one of the common causes of PN. As per available
literature, inflammatory disorders like GuillainBarre Syn-
drome (GBS), and infectious diseases, primarily HIV and
leprosy, have been found most commonly associated with
PN1. Certain anti-retroviral drugs can also induce neur-
opathy20,21. India alone contributes to more than 55% of
the global burden of leprosy, which is primarily a disease
of peripheral nerves, thus making it a common cause of
PN in this country22. Also common, and more prevalent
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than in developed countries, is post-herpetic neuralgia, due
to the lowervaccination rate23.

 Alcoholic abuse and environmental exposure to toxic
agents like arsenic, lead, mercury and organophosphates
are significant contributors to incidence of PN in India1.

Another major cause of neuropathyis deficiency of
neurotropic vitamins due to different reasons such as mal-
absorption and dietary restrictions24. In 29-40%25-27 of the
Indian population adheres to a strict vegetarian diet which
leads to nutritional deficiencies, particularly vitamin B12
(cobalamin), thus affecting nerve health. Prolonged expo-
sure to certain drugs can also deplete the B vitamin re-
serves in the body, leading to drug-induced deficiencies.
Particularly in India, high prevalence of diseases like dia-
betes, tuberculosis and hypertension sees rampant use of
B vitamin depleting drugs like metformin, isoniazid/cy-
closerine and loop diuretics, respectively28-31. An indica-
tive list of causes of PN is provided in Table 11,17-35.

Recommendations for Diagnosis :
Preliminary Investigation of Patients Suffering from

PN is Essential
The experts, during the consensus meeting, acknowl-

edged that an effective treatment of PN starts with an ac-
curate and timely diagnosis combined with appropriate and
prompt management. This necessitates the need for effec-
tive communication between physicians and their patients
to drive better treatment outcomes. As such, awareness
among physicians about the benefits of
timely diagnosis and treatment was
agreed to be of considerable value.
According to a study, the median du-
ration of symptoms was found to be
5.9 months prior to its presentation36.
The experts estimated that the average
time taken by PN patientsto get diag-
nosed is 5 years or more. It was ac-
knowledged that diagnosis is a burden
for majority of physicians due to lim-
ited time and availability of tools in pri-
mary care setting. According to esti-
mation of the experts, 95% of the popu-
lation in India has only access to pri-
mary care physicians and just 5% to
specialists. The experts agreed that di-
agnosis can be done with simple tools.
Developing a simple clinical checklist
as a guidance tool focusing on clinical
symptoms, medical history and sensory
investigation and not requiring a lot of
time, would improve the diagnosis of
neuropathy by PCPs. Time is a critical
factor in the healthcare system in In-

dia for both, patients and physicians.
To this end, the expert group proposed four basic steps

in diagnosis of PN which can be used along with a simple
sensory testing procedure (Table 2).

In the opinion of the experts, careful documentation of
family, occupational, medical or previous treatment history
as well as assessing any relevant drug abuse/addiction his-
tory and other factors are keyto identify the causative agents
and aid in an accurate diagnosis (Step 1 � Table 2).

Presence of burning, tingling sensation or numbness
in extremities indicates PN. Similarly, symptoms like hy-
persensitivity to touch, unsteady gait, history of fall, and
presence of soreness/ulcer without any definite cause give
cluestowards the diagnosis. Clinical signs differ depend-
ing on the impaired nerve which can be sensory, autonomic
or motor nerves.Therefore, clinical evaluation of signs and
symptoms was ascertained to be the next important step
for diagnosis(Step 2.1 � Table 2).

Site and pattern of nerve involvement can also give a
diagnostic clue to physicians. Nerve involvement can be
single or multiple, large fiber or small fiberwhich have
different conduction capacities.Localizing the pattern was
also considered important by the expert group. For ex-
ample, symmetrical distribution of symptoms would be a
very typical sign of neuropathy (Step 2.2 � Table 2)37.

The time line or the course of development of signs
and symptoms classifies PN into three categories i.e. acute
(<4 weeks), sub-acute (4-12 weeks) and chronic (>12

Table 1 � Indicative list of causes of Peripheral Neuropathy in India1,17-35
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weeks). For example, vasculitis-related
neuropathy presents as acute symptoms
mostly within 1 to 3 days, symptoms of
acute inflammatory demyelinating poly-
neuropathy (AIDP) peak within 4 weeks
of onset, while chronic inflammatory de-
myelinating polyneuropathy (CIDP) takes
more than 8 weeks. Experts recommended
that understanding the course of the dis-
ease minimises diagnostic choices and,
therefore, helps in accurate diagnosis and
management procedure (Step 2.3 � Table
2).

Presently, standardised assessment
tools are not available for diagnosis of PN
in India. Expert group further recom-
mended the inclusion of simple and easy
to perform 2-minute sensory tests (Step 3
� Table 2) as a standard diagnostic proce-
dure for PN which should be practical and
feasible for all GPs. Sophisticated/ state of
the art diagnostic or laboratory facilities
may not be easily accessible in a resource-
poor nation like India. The recommenda-
tion includes temperature and pinprick sen-
sation assessment for small nerve fibre
function and assessment of vibration sen-
sation using 128 Hz tuning fork for large
nerve fibres. Additionally, use of 10-g
monofilament test for screening of large
nerve fibre function in patients with dia-
betic neuropathy is also recommended.
Physicians can even use very simple tools
such as a cotton wool piece, small brush,
toothpick, a wooden stick or a feather to
test sensation impairment when they do not
have a tuning fork or monofilament. These
tests are in line with published literature
where simple sensory tests and screening
tools applied by general physicians have
been used to facilitate preliminary assess-
ment and for diagnosis of PN in the pri-
mary care setting5,38-44. In the current sce-
nario, use of these simple tests/ screening
tools was considered a practical solution
for health care professionals at grass root
level.

The final step recommended for diag-
nosis is to identify the cause of the pre-
senting PN. It is important to determine the
underlying cause and treat it accordingly
in order to check the progression of symp-
toms and restrict further nerve damage
(Step 4 - Table 2).

Table 2 � Proposed Steps in Diagnosis of Peripheral Neuropathy for Clinical Practice in India
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Given many cases of PN are a re-
sult of other systemic conditions, the
importance of seeking expert help and
accurate referral services for such pa-
tients cannot be denied40. In this con-
text, the expert group proposed an al-
gorithm incorporating diagnosis and
referral services of patients suffering
from PN with associated symptoms of
neuropathic pain (Fig 2).

Treatment and Prevention of Pe-
ripheral Neuropathy

Treatment of PN is still unclear
for many GPs in India due to lack of
well-structured treatment guidelines. Current international
guidelines primarily focus on management of neuropathic
pain, and not targeting the underlying cause of the dis-
ease. No guidelines exist for non-painful symptoms like
tingling, numbness or autonomic symptoms etc. This leaves
many PN patients unsatisfied and untreated, withpoor qual-
ity of life or treated with inappropriate agents40,45,46.

The experts agreed that the guidelines for neuropathic
pain management devised by international associations like
American Diabetic Association (ADA) and International
Association for the Study of Pain (IASP) are commonly
being followed for managingpain associated with PN.
However, these guidelines may not be fully applicable to
the clinical practice in India due to issues pertaining to
accessibility and/or cost of therapies. In addition, for a
developing country like India, where toxic, infective and
metabolic causes contribute heavily to the burden of neu-
ropathy, treatment guidelines should take into consider-
ation these elements as well. PN was recognised as one of
the few conditions for which Indian clinical guidelines do
not exist, and hence reinforced to the expert panel that an
unmet need exists for guidance on the treatment and man-
agement of PN for GPs/PCPs across India.

Different recommendations from international organi-
zations, like the Neuropathic Pain Specialist In-
terest Group of IASP (2007) and the European
Federation of Neurologic Society (2010), suggest
line-wise treatment modalities for neuropathic
pain. They also recommend specific pharmaco-
therapies depending on different underlying causes
of PN47,48. According to mentioned guidelines, first
line treatment options are pregabalin and
gabapentin, second line are tramadol and capsai-
cin 8% patch while opioids are used as a third line
option. Worldwide, particularly in Western coun-
tries, the first line treatments are commonly used
agents for the treatment of neuropathic pain. Simi-
lar clinical practice is followed in India as well,
especially in patients treated by specialists. How-

ever, this differs from the situation in
primary care where access to these
treatment options might be limited.

The above referencedtreatment op-
tions offer effective symptomatic re-
lief in most patients and focus on man-
agement of neuropathic pain. They do
not contribute to restoration of nerve
functionality and health. Additionally,
numerous side effects have been found
associated with the use of these medi-
cines which can become a treatment
burden for the patient.

It was agreed by the experts that
instead of focusing on pain management, the primary goal
should be to identify the cause of PN and treat the under-
lying aetiology. If the underlying cause is treated, like in
cases of diabetic neuropathy, toxic exposure or vitamin
B12 deficiency, further progression of the disease might
be slowed down or even avoided. However, in cases where
the cause cannot be identified, i.e. idiopathic PN, or in
patients suffering from symptoms even after treatment,
symptom management becomes the primary and the only
approach to provide relief to the patients49,50.  Nonethe-
less, in both scenarios, restoration of nerve health was
agreed to be the next vital step in the treatment algorithm.

To this end, the experts highlighted the importance of
alternative treatment options that include neurotropic B
vitamins, alpha-lipoic acid (ALA) and other agents. These
therapies have been shown to provide symptomatic relief
in earlier stages of neuropathy, are well tolerated and ad-
ditionally, play a significant role in nerve regeneration11,51.

Alternative Treatment Options :
(1) Neurotropic B Vitamins
There was general consensus that the majority of phy-

sicians across relevant therapeutic disciplines are prescrib-
ing vitamin B combination products based on clinical ex-
perience of treating PN. Dosage, formulation and combi-

Fig 1 � Proposed Diagnostic Tool to Aid in
Localization of Symptoms

�

Verbal descriptors suggestive of PN 
symptoms (numbness, tingling, 

burning, etc.) 

Can you detect sensory abnormalities 
using simple sensory tests? 

Can you identify the responsible 
cause(s) of PN? 

Peripheral neuropathy 
likely: initiate treatment 

Consider specialist referral 

Yes 

No 

Yes 

No 

Do you suspect idiopathic 
PN? 

No 

Initiate symptomatic 
treatment 

Yes 

Fig 2 � Proposed Algorithm for Diagnosis and Referral of Patients presenting with
Peripheral Neuropathy Symptoms in India
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nation of B vitamins is selected on the basis of individual
patient case requirements. The experts agreed on the ben-
efits of using B -vitamin combination over mono-therapy
approaches specifically complexes of B1/B6/B12 as these
three vitamins are documented to play an important role
in nerve health and are well-established globally for treat-
ment of PN.

Vitamin B12 (cobalamin) improves the symptom of PN
by regenerating or re-myelinating nerves through increased
protein synthesis. Selective blockade of sensory nerve
conduction by vitamin B12 also helps in alleviating the
symptoms52. Deficiency of vitamin B12 has been shown
to result in increased levels of neurotoxic cytokine TNF-
alpha and decreased levels of neurotropic epidermal growth
factor and neurotropic cytokine IL6 leading to PN symp-
toms53. Supplementation by vitamin B12 corrects the de-
ficiency and benefits PN patients. Studies
on vitamins like vitamin B1 (thiamin) and
B6 (pyridoxine) also suggest their role in
PN51,54-58. Biochemically, vitamin B1 acts
through diacylglycerol protein kinase C
pathway, glycation end-product formation
pathway and the hexamine pathway to re-
duce pain. It also modulates neural excit-
ability and Na+ currents in injured dorsal
root ganglions to improve symptoms of neu-
ropathy59-61. Role of vitamin B6 in PN in-
cludes inhibition of presynaptic transmitter
release from nociceptive afferent fibres car-
rying excitatory input to the spinal dorsal
horn and thalamic neurons62. Vitamins B1,
B6 and B12 act synergistically in terms of
their mechanism of action, thus complement-
ing the neurotropic activity of each other.
Use of combination of these neurotropic vi-
tamins has been shown to improve the nerve
conduction velocity and also improves the
vibration threshold63. The fixed dose com-
bination of these vitamins has been found
to be well-tolerated and effective for the
treatment of mild to moderate PN of vari-
ous aetiologies64. Evidence suggests
thatcombination use of vitamin B1, B6 and
B12, was also efficacious in more than 80%
of cases of diabetic neuropathy65,66.

Posology of Neurotropic B Vitamins
The expert group recommended that

parenteral approaches such as injectable
formats be prescribed for the treatment of
hospitalized patients with neuropathy eg,
diabetic PN67 and acute PN symptoms.
Similarlyuseful for patients with neurologi-
cal symptoms related to acute neuralgia eg,

trigeminal or plantar neuralgia68, acute symptoms related
to herpes zoster, lumbago, sciatica, shoulder-arm syn-
drome52, diabetic cranial neuropathy and neuropathic pain
associated with cancer pain/cancer treatment or in any other
case where rapid relief is required. In addition, injectable
is preferred in patients with impaired absorption due to
gastrointestinal disorders such as Irritable Bowel Syndrome
(IBS), colitis, H pylori infection, gastritis etc69,70 to en-
sure a fast restoration of B vitamin levels. However, evi-
dence shows that high dose oral vitamin application can
also restore the levels as effectively as injections71. In vari-
ous studies, oral dosages of 1500 mcg and higher were
found to be therapeutically useful11,64,70,72. The decision
to administer injectable and/or oral therapy should lie with
the PCP based on their assessment of what will work best
for patients based on their current status and the desired

*Experts recommended prescribing ALA to non-diabetics patients also, owing to its anti-oxi-
dative properties.
Note : Dose, treatment duration, formulation is as directed by the physician.

Table 3 � Recommendations for Prophylactic, Therapeutic and Maintenance Therapies of
Peripheral Neuropathy Patients
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outcome. PCPs can ensure better compliance control (eg,
a rural primary care centres) with injectable formulations
and in cases where they do not foreseeproblems with
compliance, oral pills can be prescribed. In other mild-to-
moderate cases of PN, oral doses of vitamin B12 in the range
of 1000-1500 mcg are able to impart therapeutic effect73-76.

In cases of chronic conditions leading to neuropathy,
like diabetes, the dosing pattern can determine the patient�s
adherence to medications. Long term diabetic patients may
require multiple dosing of diabetic medications. In addi-
tion, they may also require additional drugs like anti-hy-
pertensive orcholesterol reducing agents etc. depending
on associated co-morbidities. Further addition of multiple
dose schedule of neurotropic vitamins can hamper com-
pliance77. In clinical practice, it is seen that prescribing
vitamin B 12 (500 mcg) thrice daily (TID) decreases com-
pliance after 6 months. The twice daily (750 mcg) (BD)
regimen improves compliance while once daily (1500 mcg)
(OD) dosing demonstrates highest patient compliance. It
was recommended to give multiple dose of vitamin B12
during the treatment period followed by single dose regi-
men for maintenance.

Monitoring of Neurotropic B Vitamin Levels
Regular follow-up and monitoring of patients taking

higher doses of vitamin B6 (>50 mg) for periods of more
than 6 months is recommended.In various long-term clini-
cal studies, it was established that both vitamins B1 (100
mg/day or more)67,78,79 and B12 (up to 6000 mcg/day)80,81

have favourable safety profile and are very well tolerated
over a long treatment period. No upper limits (UL) are
established for vitamin B1 and B12. (82) However, in clini-
cal practice in India, a safety concern exists among PCPs
while prescribing prolonged high vitamin B12 doses
(>2000 mcg). The experts recommend monitoring the pa-
tient with a high dose therapy for any side effects and po-
tentially of vitamin B12 levels if the patient experiences
any side-effects with prolonged use. The panel recom-
mended Mean Corpuscular Volume (MCV) as an efficient,
reliable and cost effective test in quantifying vitamin B12
level in the body instead of assessment of serum vitamin
B12 for diagnosis and monitoring83.

The experts agreed that guidance on the correct dose,
duration of use and even combination of B vitamins should
be provided based on general patient type and associated
clinical status e.g. acute vs chronic24,84. Additionally, the
expert group suggested prophylactic, therapeutic and main-
tenance usage in different patient settings (Table 3).

(2) Alpha-Lipoic Acid (ALA) in Treatment of PN
Evidence from clinical trials suggest that diabetic pa-

tients with neuropathy treated with ALA daily have reduced
numbness, pain and paraesthesia. ALA is discussed to im-
prove insulin sensitivity and is therefore most suitable for
diabetic PN patients85. ALA can also reduce levels of
interleukin 6 and plasminogen activator 1 in plasma, sug-

gesting that it may improve endothelial dysfunction through
anti-inflammatory and anti-thrombotic mechanisms. It is
notable that ALA may improve nitric oxide-mediated en-
dothelium-dependent vasodilation in diabetic patients86.
ALA may also have the potential beneficial effect in cases
with high CVD risk, by decreasing the plasma level of
ADMAconsidering that ADMA is an independent risk fac-
tor for cardiovascular outcome in ESRD patients87.

Posology of ALA
A meta-analysis from 6 randomised controlled trials

concluded that ALA, administered intravenously for 3
weeks at a strength of 600 mg per day, resulted in signifi-
cant clinical improvement88. Additionally, an oral dose of
600 mg /day is also reported to have the optimal risk/ben-
efit ratio89,90. Evidence exists which indicates that 300 mg
ALA is capable of exerting a therapeutic effect and ben-
efit has also been observed with doses of more than 600
mg, administered orally for at least 5-8 weeks88,91-93. How-
ever, high ALA dose (>600 mg/day) has been found to
increase gastrointestinal side effects like nausea, vomiting
and dizziness73,88,91. During the sub-acute or chronic phase,
maintenance dose of 300 mg could be used. In line with
current evidence, expert group suggested that ALA should
be prescribed alone or in combination with vitamin B12
for diabetic PN (Table 3). Experts were in consensus that
patients with acute diabetic neuropathy should be pre-
scribed 600 mg ALA initially for 3-months duration fol-
lowed by 100-300mg ALA in maintenance. It is important
to note that the 100 mg dose of ALA is prescribed only
during maintenance for its anti-oxidative neuro-protective
benefits and not for therapeutic benefit.

It has been observed that ALA is also prescribed to
non-diabetics in practice primarily owing to its anti-oxi-
dant properties. However, there is a dearth of scientific
evidence for the effective use of ALA in non-diabetics.

(3) Other Alternative Treatments for PN
In addition to the above listed therapies, several other

alternative treatments have been identified and with varied
efficacies established in different PN patient
segmentsthrough various clinical studies. The potential
mechanisms by which these therapies act, include deficiency
correction, oxidative stress reduction, nerve growth factor
stimulation etc11. Therapies like Acetyl-L-Carnitine, opio-
ids, botulinum toxin A, mexidol, reflexology etc., have
shown improvements in diabetic PN symptoms in some stud-
ies11,92,93. Preliminary studies with therapies involving treat-
ment or supplementation with Acetyl-L-Carnitine, vitamin
E, minerals like calcium and magnesium, glutathione,
glutamine, N-Acetyl-Cysteine etc have also shown positive
results for chemotherapy-induced PN11,94,95.

Vitamin B Deficiency :
The experts acknowledged that Indian patients are

likely to have deficiencies for multiple B vitamins owing
to various underlying causes including malnutrition, veg-
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etarianism, alcoholism and drug-induced or �iatrogenic�
causes(due to a disease) eg pernicious anemia96. The clini-
cal manifestations for vitamin B deficiency varies drasti-
cally from mild conditions such as neuropathy with symp-
toms like ataxia, sensation disturbance, weakness, etc. to
more severe disorders such as combined sclerosis of the
spinal cord, haemolytic anaemia and even pancytopenia96.

Although India is taking several measures to fight
against malnutrition, micronutrient deficiency is wide-
spread in India. In 38.7% of Indian children aged 0�59
months are stunted, and stunting is prevalent across all
socioeconomic groups. 44�66% of the affluent schoolchil-
dren had vitamin A, B2, B6, B12, and C deficiencies97.
Median intakes of all nutrients, except vitamin B1, were
below the RDAs for Indians. Another significant reason
of high prevalence of vitamin B deficiencies in India is
the significantly higher number of vegetarians as compared
to other western countries51,69,98.

Chronic diabetes or gastritis patients are very often
poly-medicated; intake of several active ingredients can
lead to drug-interactions leading to vitamin B deficiency.
Long-term use of metformin, widely used as a first-line
treatment for type 2 diabetes in India, can cause vitamin
B12 deficiency28-30,54,96,99,100. Therefore, metformin treat-
ment should be supplemented with an adequate dose of
vitamin B12in type 2 diabetes patients. Tuberculosis (TB)
drugs likeisoniazidare linked with vitamin B6 deficiency.
According to World Health Organization TB Statistics, 2.79
million new TB cases, ~27% of worldwide new cases, were
estimated in 2016101, indicating a very heavy usage of TB
drugs in India. Use of H2-antagonists such as ranitidine,
cimetidine and proton pump inhibitors such as omeprazole
are significantly associated with vitamin B12 deficiency102.
Prolonged treatment with loop diuretics is associated with
urinary loss of vitamin B1 and deficiency31. Treatment with
anticonvulsants including phenobarbital, primidone,
pregabalin andtopiramate is associated with vitamin B6
and B12 deficiency103,104. Vitamin B12 deficiency is com-
mon in patients with pernicious anaemia and elderly pa-
tients and its incidence increases with age95.

A significant portion of the Indian population is at high
risk of developing deficiencies of multiple B vitamins, and
therefore, remains at risk of developing PN and should be
monitored carefully.

While vitamin B12 can be measured through tests, those
for measuring vitamin B1 and B6 are either not accessible
for the patient due to availability or costs or not estab-
lished. The experts agreed on the benefits of using combi-
nation of B1/B6/B12 vitamins in patients where a defi-
ciency is suspected due to a present risk, symptoms or other
factorsas cautionary measure even without quantifying lev-
els in order to prevent further development of diseases
affecting the nervous system or other health areas.

Conclusion :
The burden of PN in India is significant due to higher

prevalence of diabetes cases, nutritional deficiencies, in-
fectious diseases, and exposure to toxic substance in India
as compared to developed countries. In light of this fact,
primary care physicians should carefully evaluate under-
lying causes by documenting complete patient history and
utilizing available diagnostic facilities to confirm diagno-
sis of PN. Management should be focussed on treating the
underlying cause and symptomatic relief, followed by res-
toration of nerve health.First line pharmacological treat-
ments like pregabalin and gabapentin show a higher effi-
cacy in neuropathic pain, and expert group was in consen-
sus that judicial use of these drugs will definitely amelio-
rate neuropathic pain symptoms. Neurotropic vitamins like
vitamin B1, vitamin B6 and, most importantly, vitamin B12
are recommended in the treatment of PN, considering their
role in nerve regeneration. Alpha-lipoic acid is also con-
sidered effective in treatment especially in DPN, owing to
its antioxidant properties.

This advisory board meeting was an initial yet impor-
tant step towards bringing multi-disciplinary experts on a
common platform to discuss the management of PN in
India. While the meeting outcomes provided useful guid-
ance on PN diagnosis, treatment and management, more
of such experience-based cross-speciality deliberations are
required to formulate holistic guidelines for the manage-
ment and treatment of PN in India.

ACKNOWLEDGEMENT

The authors thank Merck, Darmstadt Germany for sup-
porting the conduct of the consensus meeting and
Evalueserve for writing assistance in the development of
this manuscript.

REFERENCES

1 Trivedi S, Pandit A, Ganguly G, Das SK — Epidemiology of
peripheral neuropathy: An Indian perspective. Ann Indian Acad
Neurol 2017; 20: 173-84.

2 Hughes RAC —Peripheral neuropathy. BMJ 2002; 324: 466-
9.

3 Hughes R — Investigation of peripheral neuropathy. BMJ 2010;
341: c6100.

4 Boulton AJM, Gries FA, Jervell JA — Guidelines for the diag-
nosis and outpatient management of diabetic peripheral neu-
ropathy. Diabet Med 1998; 15: 508-14.

5 Haanpää ML, Backonja M-M, Bennett MI, Bouhassira D,
Cruccu G, Hansson PT, et al — Assessment of neuropathic
pain in primary care. Am J Med 2009; 122: S13-21.

6 Hallett M, Tandon D, Berardelli A — Treatment of peripheral
neuropathies. J Neurol Neurosurg Psychiatry 1985; 48:1193–
207.

7 Chetty S, Baalbergen E, Bhigjee AI, Kamerman P, Ouma J,
Raath R, et al — Clinical practice guidelines for management
of neuropathic pain: expert panel recommendations for South
Africa. SAfr Med J 2012; 102: 312-25.

8 Deng Y, Luo L, Hu Y, Fang K, Liu J — Clinical practice guide-
lines for the management of neuropathic pain: a systematic
review. BMC Anesthesiol 2016; 16: 12.

52   |   JOURNAL OF THE INDIAN MEDICAL ASSOCIATION, VOL 116, NO 10, OCTOBER, 2018



9 Javed S, Petropoulos IN, Alam U, Malik RA — Treatment of
painful diabetic neuropathy. TherAdv Chronic Dis 2015; 6: 15-
28.

10 Smith BH, Torrance N — Epidemiology of neuropathic pain
and its impact on quality of life. Curr Pain Headache Rep 2012;
16: 191-8.

11 Head KA — Peripheral neuropathy: pathogenic mechanisms
and alternative therapies. Altern Med Rev 2006; 11: 294.

12 Cruz ME, Schoenberg BS, Ruales J, Barberis P, Proano J,
Bossano F, et al — Pilot study to detect neurologic disease in
Ecuador among a population with a high prevalence of en-
demic goiter. Neuroepidemiology 1985; 4: 108-16.

13 al Rajeh S, Bademosi O, Ismail H, Awada A, Dawodu A, al-
Freihi H, et al — A community survey of neurological disor-
ders in Saudi Arabia: the Thugbah study. Neuroepidemiology
1993;12:164–78.

14 Savettieri G, Rocca WA, Salemi G, Meneghini F, Grigoletto F,
Morgante L, et al — Prevalence of diabetic neuropathy with
somatic symptoms: a door-to-door survey in two Sicilian mu-
nicipalities. Sicilian Neuro-Epidemiologic Study (SNES) Group.
Neurology 1993; 43: 1115–20.

15 Hanewinckel R, van Oijen M, Ikram MA, van Doorn PA — The
epidemiology and risk factors of chronic polyneuropathy. Eur
J Epidemiol 2016; 31: 5-20.

16 Verghese J,Bieri PL, Gellido C, Schaumburg HH, Herskovitz
S — Peripheral neuropathy in young-old and old-old patients.
Muscle Nerve 2001; 24: 1476-81.

17 Landmann G– Diagnostik und therapie der schmerzhaften
Polyneuropathie. Ars Medici 2013; 1:  18-21.

18 Miranda-Massari JR, Gonzalez MJ, Jimenez FJ, Allende-Vigo
MZ, Duconge J — Metabolic correction in the management of
diabetic peripheral neuropathy: improving clinical results be-
yond symptom control. Curr Clin Pharmacol 2011; 6: 260-73.

19 International Diabetes Federation–India: Country report, 2017
& 2045.https://reports.instantatlas.com/report/view/
704ee0e6475b4af885051bcec15f0e2c/IND (accessedJan 29,
2018).

20 Dubey TN, Raghuvanshi SS, Sharma H, Saxena R — HIV
neuropathy in pre-HAART patients and it’s correlation with risk
factors in Central India. Neurol India 2013; 61: 478-80.

21 Ellis RJ, Rosario D, Clifford DB, McArthur JC, Simpson D,
Alexander T, et al — Continued high prevalence and adverse
clinical impact of human immunodeficiency virus-associated
sensory neuropathy in the era of combination antiretroviral
therapy: the CHARTER Study. Arch Neurol 2010;67:552–8.

22 Daumerie D– Global leprosy update, 2013; reducing disease
burden. Releve Epidemiol Hebd 2014; 89: 389-400.

23 Chen L-K, Arai H, Chen L-Y, Chou M-Y, Djauzi S, Dong B, et al
— Looking back to move forward: a twenty-year audit of her-
pes zoster in Asia-Pacific. BMC Infectious Diseases 2017; 17:
213.

24 Hammond N, Wang Y, Dimachkie M, Barohn R — Nutritional
neuropathies. Neurol Clin 2013; 31: 477-89.

25 Shridhar K, Dhillon PK, Bowen L, Kinra S, Bharathi AV,
Prabhakaran D, et al — The association between a vegetar-
ian diet and cardiovascular disease (CVD) risk factors in In-
dia: The Indian Migration Study. PLoS ONE 2014; 9: e110586.

26 Gathani T, Barnes I, Ali R, Arumugham R, Chacko R, Digumarti
R, et al — Lifelong vegetarianism and breast cancer risk: a
large multicentre case control study in India. BMC Women’s
Health 2017; 17: 6.

27 FAOSTAT — Food and Agriculture Organization of the United
Nations, statistical database. http://faostat.fao.org/ (accessed
Jan 24, 2018)

28 de Jager J, Kooy A, Lehert P, Wulffelé MG, van der Kolk J,
Bets D, et al — Long term treatment with metformin in pa-
tients with type 2 diabetes and risk of vitamin B-12 deficiency:

randomised placebo controlled trial. BMJ 2010; 340: c2181.
29 Jeetendra S, Tushar B– Metformin use and vitamin B 12 defi-

ciency in patients with type-2 diabetes mellitus. MVP J Med
Sci 2016; 3: 67-70.

30 Nix WA, Zirwes R, Bangert V, Kaiser RP, Schilling M, Hostalek
U, et al–Vitamin B status in patients with type 2 diabetes mel-
litus with and without incipient nephropathy. Diabetes Res Clin
Pract 2015; 107: 157-65.

31 Rieck J, Halkin H, Almog S, Seligman H, Lubetsky A,Olchovsky
D, et al — Urinary loss of thiamine is increased by low doses
of furosemide in healthy volunteers. J Lab Clin Med 1999;
134: 238-43.

32 Pradeepa R, Rema M, Vignesh J, Deepa M, Deepa R, Mohan
V — Prevalence and risk factors for diabetic neuropathy in an
urban south Indian population: the Chennai Urban Rural Epi-
demiology Study (CURES-55). Diabet Med J Br Diabet Assoc
2008; 25: 407-12.

33 Vilholm OJ, Christensen AA, Zedan AH, Itani M — Drug-in-
duced peripheral neuropathy. Basic Clin Pharmacol Toxicol
2014; 115: 185-92.

34 Vengamma B — Managing critically ill patients with AIDP: Rel-
evance of international guideline to Indian scenario.Jaypee
Publication, Medicine update 2013; 556-61.

35 Fakih Z, Khanikar D, Baruah C, Das M — A clinical study of
prognostic factors of GuillainBarré syndrome in a tertiary care
hospital of North-East India. Int J Med Res Prof 2016; 2: 170-
6.

36 Gill HK, Yadav SB, Ramesh V, Bhatia E — A prospective study
of prevalence and association of peripheral neuropathy in In-
dian patients with newly diagnosed type 2 diabetes mellitus. J
Postgrad Med 2014; 60: 270-5.

37 Misra UK, Kalita J, Nair PP — Diagnostic approach to periph-
eral neuropathy. Ann Indian Acad Neurol 2008; 11: 89.

38 Van den Bergh PYK, Hadden RDM, Bouche P, Cornblath DR,
Hahn A, Illa I, et al — European Federation of Neurological
Societies/Peripheral Nerve Society guideline on management
of chronic inflammatory demyelinating polyradiculoneuropathy:
report of a joint task force of the European Federation of Neu-
rological Societies and the Peripheral Nerve Society - first re-
vision. Eur J Neurol 2010; 17: 356-63.

39 Misra UK, Kalita J–Toxicneuropathies. Neurol India 2009; 57:
697-705.

40 Pop-Busui R, Boulton AJM, Feldman EL, Bril V, Freeman R,
Malik RA, et al — Diabetic neuropathy: A position statement
by the American Diabetes Association. Diabetes Care 2017;
40: 136-54.

41 Bhadada SK, Sahay RK, Jyotsna VP, Agrawal JK — Diabetic
neuropathy: current concepts. J Indian Acad Clin Med 2001;
2: 305-18.

42 Boulton AJM, Malik RA, Arezzo JC, Sosenko JM — Diabetic
somatic neuropathies. Diabetes Care 2004; 27: 1458-86.

43 Freynhagen R, Baron R, Gockel U, Tölle TR — DETECT?: a
new screening questionnaire to identify neuropathic compo-
nents in patients with back pain. Curr Med Res Opin 2006;
22: 1911-20.

44 Mulvey MR, Bennett MI, Liwowsky I, Freynhagen R — The
role of screening tools in diagnosing neuropathic pain. Pain
Manag 2014; 4: 233-43.

45 Boulton AJM– Management of diabetic peripheral neuropa-
thy. Clin Diabetes 2005; 23: 9-15.

46 Ballantyne JC, Carwood CM, Giamberardino MA — Pharma-
cological management of neuropathic pain. Pain Clin Updates
2010; 18.

47 Dworkin RH, O’Connor AB, Backonja M, Farrar JT, Finnerup
NB, Jensen TS, et al — Pharmacologic management of neu-
ropathic pain: evidence-based recommendations. Pain 2007;
132: 237-51.

JOURNAL OF THE INDIAN MEDICAL ASSOCIATION, VOL 116, NO 10, OCTOBER, 2018  |  53



48 Attal N, Cruccu G, Baron R, Haanpää M, Hansson P, Jensen
TS, et al — EFNS guidelines on the pharmacological treat-
ment of neuropathic pain: 2010 revision. Eur J Neurol 2010;
17: 1113-e88.

49 Finnerup NB, Attal N, Haroutounian S, McNicol E, Baron R,
Dworkin RH, et al — Pharmacotherapy for neuropathic pain in
adults: a systematic review and meta-analysis. Lancet Neurol
2015; 14: 162-73.

50 Watson JC, Dyck PJB — Peripheral neuropathy: A practical
approach to diagnosis and symptom management. Mayo Clin
Proc 2015; 90: 940-51.

51 Kumar N — Neurologic aspects of cobalamin (B12) deficiency.
Handb Clin Neurol 2014; 120: 915-26.

52 Mauro GL, Martorana U, Cataldo P, Brancato G, Letizia G —
Vitamin B-12 in low back pain: a randomised, double-blind,
placebo-controlled study. Eur Rev Med Pharmacol Sci 2000;
4: 53-8.

53 Scalabrino G, Buccellato FR, Veber D, Mutti E — New basis
of the neurotrophic action of Vitamin B12. Clin Chem Lab Med
2003; 41: 1435-7.

54 Fatima S, Noor S– A review on effects of metformin on vitamin
B12 status. Am J Phytomed Clin Ther 2013; 1: 652-60.

55 Becker KW, Kienecker E-W, Dick P — A contribution to the
scientific assessment of degenerative and regenerative pro-
cesses in peripheral nerve fibers following axonotmesis under
the systemic administration of vitamins B1, B6 and B12-light
and electron microscopy findings in the saphenous nerve of
the rabbit. Neurochirurgia (Stuttg) 1990; 33: 113-21.

56 House AA, Eliasziw M, Cattran DC, Churchill DN, Oliver MJ,
Fine A, et al — Effect of B-vitamin therapy on progression of
diabetic nephropathy: a randomized controlled trial. JAMA
2010; 303: 1603-9.

57 Spinneker A, Sola R, Lemmen V, Castillo MJ, Pietrzik K,
Gonzalez-Gross M — Vitamin B6 status, deficiency and its
consequences-an overview. Nutr Hosp 2007; 22: 7-24.

58 O’Keeffe ST– Thiamine deficiency in elderly people.  Age Age-
ing 2000; 29: 99-101.

59 Song X-S, Huang Z-J, Song X-J — Thiamine suppresses ther-
mal hyperalgesia, inhibits hyperexcitability, and lessens alter-
ations of sodium currents in injured, dorsal root ganglion neu-
rons in rats. Anesthesiology 2009; 110: 387-400.

60 Sánchez-Ramírez GM, Caram-Salas NL, Rocha-González HI,
Vidal-Cantú GC, Medina-Santillán R, Reyes-García G, et al
— Benfotiamine relieves inflammatory and neuropathic pain
in rats. Eur J Pharmacol 2006; 530: 48-53.

61 Haupt E, Ledermann H, Köpcke W — Benfotiamine in the
treatment of diabetic polyneuropathy- a three-week random-
ized, controlled pilot study (BEDIP study). Int J Clin Pharmacol
Ther  2005; 43: 71-7.

62 Schmidt RF — Presynaptic inhibition in the vertebrate central
nervous system. Ergebnisse der Physiologie Reviews of Physi-
ology 1971; 63: 20-101.

63 Stracke H, Lindemann A, Federlin K — A benfotiamine-vita-
min B combination in treatment of diabetic polyneuropathy.
Exp Clin Endocrinol Diabetes 1996; 104: 311-6.

64 Hakim M, Kurniani N, Pinzon TR, Tugasworo D,Basuki M,
Haddani H, et al — Management of peripheral neuropathy
symptoms with a fixed dose combination of high-dose vitamin
B1, B6 and B12: A 12-week prospective non-interventional
study in Indonesia. Asian J Med Sci 2018; 9.

65 Rizvi A, Ahmad A, Rizvi Z — Efficacy of combination of vitamin
B1, B6, and B12 in management of diabetic peripheral neur-
opathy. PJMHS 2013; 7: 801-4.

66 Abbas ZG, Swai AB– Evaluation of the efficacy of thiamine
and pyridoxine in the treatment of symptomatic diabetic pe-
ripheral neuropathy. East Afr Med J 1997; 74: 803-8.

67 Tong HI — Influence of neurotropic vitamins on the nerve con-
duction velocity in diabetic neuropathy. Ann Academy of Medi-
cine 1980; 9: 65-70.

68 Higashi R, Krymchantowski AV, Cohen JC,Nunes CP,
Boulanger A, Geller M– Evaluation of the safety and efficacy
of an injectable B-vitamin combination in acute neuralgias.
Revista Brasileira de Medicina 2007; 64: 138-41.

69 Adaikalakoteswari A, Rabbani N, Waspadji S, Tjokroprawiro
A, Kariadi SHKS, Adam JMF, et al — Disturbance of B-vitamin
status in people with type 2 diabetes in Indonesia—Link to
renal status, glycemic control and vascular inflammation. Dia-
betes Res Clin Pract 2012; 95: 415-24.

70 Stabler SP — Vitamin B12 Deficiency. N Engl J Med 2013;
368: 149-60.

71 Vidal-Alaball J, Butler C, Cannings-John R, Goringe A, Hood
K,McCaddon A,et al– Oral vitamin B12 versus intramuscular
vitamin B12 for vitamin B12 deficiency. CDSR 2005; 3:
CD004655).

72 Bolaman Z, Kadikoylu G, Yukselen V, Yavasoglu I, Barutca S,
Senturk T — Oral versus intramuscular cobalamin treatment
in megaloblasticanemia: a single-center, prospective, random-
ized, open-label study. ClinTher 2003; 25: 3124-34.

73 Vasudevan D, Naik MM, Mukaddam QI — Efficacy and safety
of methylcobalamin, alpha lipoic acid and pregabalin combi-
nation versus pregabalin monotherapy in improving pain and
nerve conduction velocity in type 2 diabetes associated im-
paired peripheral neuropathic condition. [MAINTAIN]: Results
of a pilot study. Ann Indian Acad Neurol 2014; 17: 19-24.

74 Zhang M, Han W, Hu S, Xu H — Methylcobalamin: A Potential
Vitamin of Pain Killer. Neural Plast 2013; 2013: 424651.

75 Maladkar M, Rajadhyaksha G, Venkataswamy N, Hariharan
RS, Lohati SR — Efficacy, safety, and tolerability of Epalrestat
compared to Methylcobalamine in patients with diabetic neur-
opathy. Int J Diabetes Dev Ctries 2009; 29: 28-34.

76 Gaikwad SM, Malgi SV — Efficacy and safety of a single daily
dose of methylcobalamin 1500 mcg plus alpha lipoic acid
300mg in the treatment of diabetic neuropathy. The Indian
Practitioner 2008; 61.

77 García-Pérez L-E, Álvarez M, Dilla T, Gil-Guillén V, Orozco-
Beltrán D — Adherence to therapies in patients with type 2
diabetes. Diabetes Ther 2013; 4: 175-94.

78 Alvarado AM, Navarro SA — Clinical trial assessing the effi-
cacy of gabapentin plus B complex (B1/B12) versus pregabalin
for treating painful diabetic neuropathy. J Diabetes Res 2016;
2016: 4078695.

79 Janka HU, Rietzel S,Mehnert H — The influence of Neurobion
on the temperature sensibility in patients with diabetic poly-
neuropathy. In:Rietbrock N, editors–Pharmacology and clini-
cal applications of high-dose B-vitamins. Frankfurt Seminars
for Clinical Pharmacology. Steinkopff  1991: 87-97.

80 Guangwei LI — Effect of mecobalamin on diabetic neuropa-
thies. Chin J Intern Med 1999; 38.

81 Takahashi K, Okawa M, Matsumoto M, et al  — Double-blind
test on the efficacy of methylcobalamin on sleep–wake rhythm
disorders. Psychiatry Clin Neurosci 1999; 53: 211-3.

82 Factsheet for health professionals– Thiamine, Vitamin B12.
https://ods.od.nih.gov/factsheets/Thiamin-HealthProfessional/
, https://ods.od.nih.gov/factsheets/VitaminB12-Health Profes-
sional/ (accessed Feb 1, 2018).

83 Green R — Indicators for assessing folate and vitamin B12
status and for monitoring the efficacy of intervention strate-
gies. Food Nutr Bull 2008; 29: S52-S63.

84 Ang CD, Alviar MJM, Dans AL, Bautista-Velez GGP, Villaruz-
Sulit MVC, Tan JJ, et al — Vitamin B for treating peripheral
neuropathy. CDSR 2008; 3: CD004573.

85 Kamenova P — Improvement of insulin sensitivity in patients
with type 2 diabetes mellitus after oral administration of alpha-

54    |   JOURNAL OF THE INDIAN MEDICAL ASSOCIATION, VOL 116, NO 10, OCTOBER, 2018



lipoic acid. Hormones 2006; 5: 251-8.
86 Han T, Bai J, Liu W, Hu Y — A systematic review and meta-

analysis of alpha-lipoic acid in the treatment of diabetic pe-
ripheral neuropathy. Eur J Endocrinol 2012; 167: 465-71.

87 Chang JW, Lee EK, Kim TH, Min WK, Chun S, Lee KU, et al
— Effects of a-Lipoic Acid on the Plasma Levels of Asymmet-
ric Dimethylarginine in Diabetic End-Stage Renal Disease Pa-
tients on Hemodialysis: A Pilot Study. Am J Nephrol 2007; 27:
70-4.

88 Mijnhout GS, Kollen BJ, Alkhalaf A, Kleefstra N, Bilo HJ —
Alpha lipoic acid for symptomatic peripheral neuropathy in pa-
tients with diabetes: A meta-analysis of randomized controlled
trials. Int J Endocrinol 2012; 2012: 456279.

89 Zieglar D, Ametov A, Barinov A, Dyck PJ, Gurieva I, Low PA,
et al — Oral treatment with alpha-lipoic acid improves symp-
tomatic diabetic polyneuropathy: the SYDNEY 2 trial. Diabe-
tes Care 2006; 29: 2365–2370.

90 Zieglar D, Low PA, Litchy WJ, Boulton AJ,Vinik AI, Freeman
R, et al — Efficacy and safety of antioxidant treatment with a-
lipoic acid over 4 years in diabetic polyneuropathy: the NATHAN
1 trial. Diabetes Care 2011; 34: 2054-60.

91 Mijnhout GS, Alkhalaf A, Kleefstra N, Bilo HJG — Alpha lipoic
acid: a new treatment for neuropathic pain in patients with
diabetes? Neth J Med 2010; 68: 158-62.

92 Li S, Chen X, Li Q, Du J, Liu Z, Peng Y, et al  — Effects of
acetyl-L-carnitine and methylcobalamin for diabetic peripheral
neuropathy: A multicenter, randomized, double-blind, controlled
trial. J Diabetes Investig 2016; 7: 777-85.

93 Cakici N, Fakkel TM, van neck JW, Verhagen AP, Coert JP —
Systematic review or meta-analysis systematic review of treat-
ments for diabetic peripheral neuropathy. Diabet Med 2016;
33: 1466-76.

94 Wolf S, Barton D, Kottschade L, Grothey A,Loprinzi C — Che-
motherapy-induced peripheral neuropathy: Prevention and
treatment strategies. Eur J Cancer 2008; 44: 1507-515.

95 Kaley TJ, de Angelis ML —Therapy of chemotherapy-induced
peripheral neuropathy. Brit J Haem 2009; 145: 3-14.

96 Andres E — B12 deficiency: a look beyond pernicious ane-
mia. J Fam Practice 2007; 56: 537-42.

97 Shankar B, Agrawal S, Beaudreault AR, Avula L, Martorell R,
Osendarp S, et al — Dietary and nutritional change in India:
implications for strategies, policies, and interventions. Ann N
Y Acad Sci 2017; 1395: 49-59.

98 Refsum H, Yajnik CS, Gadkari M, Schneede J, Vollset SE,
Orning L, et al — Hyperhomocysteinemia and elevated
methylmalonic acid indicate a high prevalence of cobalamin
deficiency in Asian Indians. Am J Clin Nutr 2001; 74: 233-41.

99 Russo GT, Giandalia A, Romeo EL, Scarcella C, Gambadoro
N, Zingale R, et al — Diabetic neuropathy is not associated
with homocysteine, folate, vitamin B12 levels, and MTHFR
C677T mutation in type 2 diabetic outpatients taking metformin.
J Endocrinol Invest 2016; 39: 305-14.

110 Ahmed MA, Muntingh G,Rheeder P — Vitamin B12 deficiency
in metformintreated type-2 diabetes patients, prevalence and
association with peripheral neuropathy. BMC Pharmacol Toxicol
2016; 17: 44.

101 TB Statistics — Global, deaths, prevalence, incidence & high
burden, 2017. https://www.tbfacts.org/tb-statistics/(accessed
Feb 1, 2018).

102 Lam JR, Schneider JL, Zhao W, Corley DA — Proton pump
inhibitor and histamine 2 receptor antagonist use and vitamin
B12 deficiency. JAMA 2013; 310: 2435-42.

103 Linnebank M, Moskau S, Semmler A, Widman G, Stoffel-
Wagner B, Weller M, et al — Antiepileptic drugs interact with
folate and vitamin B12 serum levels. Ann Neurol 2011; 69:
352-9.

104 Mintzer S, Skidmore CT, Sperling MR — B-vitamin deficiency
in patients treated with antiepileptic drugs. Epilepsy Behav
2012; 24: 341-4.

JOURNAL OF THE INDIAN MEDICAL ASSOCIATION, VOL 116, NO 10, OCTOBER, 2018  |  55


