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Abstract

Peripheral nerves are susceptible to damage by a wide array of toxins, medications, and vitamin
deficiencies. Vitamin B12 (VB12) deficiency neuropathy is a rare debilitating disease that affects
mostly the elderly. It is important to consider these etiologies when approaching patients with a variety
of neuropathic presentations in this review were have included most relevant and latest information on
mechanisms causing Peripheral neuropathy in VB12 deficiency. We also have included cardiovascular
disorders and their management. Hyperhomocysteinemia has been implicated in endothelial
dysfunction and cardiovascular disease. The association of homocysteine (Hcy) and VB12 with
cardiovascular risk factors in patients with coronary artery disease (CAD) has also been studied
Keywords: Peripheral Neuropathy, Vitamin B12 Deficiency, Cardiovascular Disease and
Homocysteine.

Introduction

Vitamin B12 (VB12) is an essential water-
soluble vitamin important in cellular metabolism
and maintenance of the integrity of the nervous
system [1]. It is important in the synthesis of
DNA and thus cell division [2]. Deficiency in
vitamin B12 1is associated with impaired
erythropoiesis and nervous system
demyelination, which account for most of its
clinical manifestations [3, 4]. Globally, the most
common aetiology of VB12 deficiency is lack of

intrinsic factor in patients with pernicious
anaemia; a common finding in the elderly [4].
Other aetiologies include dietary deficiency and
mal-absorption [5].

Depletion of body B12 stores resulting from
insufficient capture of the vitamin from dietary
sources because of either inadequate intake or
malabsorption eventually leads to a state of
deficiency. When a certain threshold of
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deficiency is reached, the supply of BI12
becomes inadequate to support biochemical
pathways requiring the vitamin, leading to
disruption of the functional and ultimately the
structural integrity of cells. Absent of any
underlying perturbation of B12-dependent
pathways that occur in individuals who harbor
inborn errors involving intracellular B12
assimilation and processing [6][7], the major
determinant of the severity of B12 deficiency
and whether it leads to either megaloblastic
anemia, demyelinating neurological disease, or
both appears to be whether there is abrogation of
the normal physiological axis of B12 absorption.
Normal B12 absorption requires intact gastric
production of intrinsic factor as well as a
functioning cubam receptor for the B12-intrinsic
factor complex in the terminal ileum.[8],[9],[10]
Clinically, VB12 deficiency presents mainly with
neurological and psychiatric manifestations [5].
Neurological impairment usually presents as
paraesthesia, numbness and ataxia [5,11].
Laboratory investigations play an important role in
the diagnosis and determination of the aetiologies of
this deficiency. Laboratory investigations vital in
diagnosing VBI12 deficiency include mean
corpuscular volume (MCV), peripheral blood smear
(ovalomacrocytosis and hypersegmented
neutrophils), cyanocobalamin levels, serum
methylmalonic acid and homocysteine [12].
Therapeutic trials have also been used for the
diagnosis of VB12 deficiency [12]. Early diagnosis
of VB12 deficiency is pivotal for timely management
and in preventing long term complications which
could account for significant morbidity.

MECHANISM OF VITAMIN BIl12
DEFICIENCY

Causes of vitamin B12 deficiency can be
organized by where the absorption defect

occurs. A diet containing minimal animal
products provides sufficient VB12, so severe
deficiency due to poor intake occurs only in the
case of strict veganism. Within the stomach
there are several etiologies that degrade the
ability of VB12 to bind with intrinsic factor,
including pernicious anemia, atrophic gastritis,
prolonged antacid use (proton-pump inhibitor or
H2-antagonists),[13] and gastric bypass. The
final absorption of VBI12 in the terminal ileum
may be interrupted by Crohn disease or surgical
resection.[14] The main pathology of vitamin
B12 deficiency is subacute combined
degeneration within the spinal cord with loss of
both corticospinal tracts and posterior columns
with a concomitant axonal sensorimotor
peripheral neuropathy. It is important to note
that because of the involvement of the cervical
spinal cord early in disease, sensory symptoms
in both hands and feet may present
simultaneously and provide a clue to
etiology.[15]

SIGNS AND SYMPTOMS WITH VITAMIN
B12 DEFICIENCY

The main neurological symptoms include:
paraesthesia [16—19], ataxia [17-19], and limb
weakness [17, 18]. The most prevalent
psychiatric symptoms associated with BI12
deficiency include, delusions [19, 20],
irritability [20, 21], and decreased interest [22,
23]. Other manifestations included depression
[19, 23] and sleep disturbances [19, 23].
(Table.1) These neurological symptoms are
associated with other common illnesses like HIV
infection, diabetes, syphilis, alcoholism, and
some medications, thus posing a diagnostic
challenge [24].

Table 1: Signs and Symptoms with VB12 Deficiency

SL.No. Neurological Symotoms | Psychiatric Symptoms | Other Manifestations
1 paraesthesia delusions depression

2 ataxia irritability sleep disturbances

2 limb weakness decreased interest -

33|Page



‘ Nishant Kumar Singh et al. ‘

Journal of Biomedical and Pharmaceutical Research ‘

DIAGNOSTIC CRITERIA

Ovalo-macrocytosis and  hyper-segmented
neutrophils are important findings in VB12
deficiency [5] Splenomegaly and/or
hepatomegaly have also been reported in cases
with severe cobalamin deficiency [25],

especially  in settings ~ were serum
cyanocobalamin, methylmalonic and
homocystein levels cannot be assessed.

However, studies have designated that serum
levels of VB12 can be unreliable for the
assessment of VB12 deficiency [26]. Serum
Transcobalamin II and methylmalonic acid
levels are at present considered the most specific
laboratory indices [26]. Nonetheless, Hyper-
segmented neutrophils is reported to have a
sensitivity of 98% [27], compared to serum
cyanocobalamin with a sensitivity of 90-95%
[5]. Thus, making peripheral blood smear
analysis a cost effective tool in the diagnosis of
VBI12 deficiency, In addition to intramedullary
haemolysis due to ineffective erythropoiesis,
homocysteine accumulation due to vitamin B12
or folate deficiency is found in VB12 Deficiency
[28].

CARDIOVASCULAR RISK IN VITAMIN
B12 DEFICIENCY

Homocysteine (Hcy) is a sulfhydryl containing
amino acid produced by demethylation of an
essential amino acid (methionine). Methylation
of Hcy, catalyzed by methionine synthetase
produces methionine [29]. Folate and vitamin
B12 are essential components in the metabolism
of Hcy, which occurs through remethylation to
methionine or trans-sulfuration to cysteine. The
enzyme methylene-tetrahydro-folate-reductase
(MTHFR) is responsible for the reduction of
5,10-methylene-THF to 5-methyl-THF, where
vitamin B12 acts as a cofactor [30]. Hcy-
mediated enhanced lipid peroxidation and
generation of free radicals results in
inflammation and acute endothelial dysfunction,
which accelerates atherosclerotic process
predisposing to cardiovascular disease. The first
clinical study by Wilcken and Wilcken in 1976,
supported the theory that coronary artery disease
(CAD) is associated with higher levels of Hcy

[31]. It has also been demonstrated that in the
presence of traditional risk factors, Hcy plays a
permissive role in endothelial damage. Low
vitamin B12 concentration and
hyperhomocysteinemia are common in Indian
men, particularly in vegetarians and urban
residents [32]. Many studies have been
undertaken to examine the relation between
plasma Hcy and coronary heart disease [33,34].
The general outcome supports the hypothesis
that an elevated plasma Hcy concentration leads
to an increased risk of cardiovascular disease.
However, there are few studies that showed the
association of Hcy, vitamin B12, and folic acid
with cardiovascular risk factors in patients with
known CAD. [34]

ROLE OF HYPERHOMOCYSTENEMIA
IN CARDIOVASCULAR DISORDER

Increased plasma Hcy levels are positively
associated with new onset CAD, recurrent
cardiovascular events, extent of myocardial
damage, and mortality in patients with ischemic
heart disease [35,36]. Elevated Hcy levels are
also related to intima media thickness [37] and
to severity of CAD in Japanese patients [38], but
were unrelated to major cardiovascular adverse
events in patients with CAD who had undergone
percutaneous coronary intervention [39].
However, few studies with small numbers of
subjects were able to demonstrate this relation
[29,40]. It has been postulated that higher Hcy
levels lead to epigenetic modification by macro-
molecular global DNA methylation, which is
associated with CAD in Indian patients [41]. It
has been suggested that inadequate plasma
concentration of VB12 is a contributing factor in
approximately 2/3  of all cases of
hyperhomocysteinemia [42] and low vitamin
B12 concentration contributed 28% to the risk of
hyperhomocysteinemia [32].

MANAGEMENT OF VB12 DEFICIENCY
AND SOURCES

In humans, VB12 is needed as a cofactor for two
reactions: methylcobalamin is the cofactor for
the cytoplasmic enzyme, methionine synthase,
while adenosylcobalamin is the cofactor for the
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mitochondrial enzyme,
coenzyme A mutase [43,44]

methylmalonyl

A Severe VB12 deficiency in a 15-year-old boy
case report [45]. Intramuscular cyanocobalamin
was started (0.5 pg/kg/day for 2 days followed
by 100 pg/day for 2 days and 1000 pg/day for 1
week; thereafter, he received 1000 g
cyanocobalamin weekly for 1 month, and
received once every month for 6 months). In the
second week of therapy, oral iron (ferrous
glycine sulfate; 4 mg/kg/day of elemental iron)
and folic acid (5 mg/day) were initiated due to
the expected increase in iron utilisation and
borderline serum folic acid level (tested as 2.8
ng/mL 5 days after treatment initiation),
respectively.[45] VB12is synthesised by certain
bacteria in the gastrointestinal tract of animals
and is then absorbed by the host animal. Vitamin
B12 is concentrated in animal tissues, hence
VBI12 is found only in foods of animal origin
[11]. Foods that are high in VB12 (ug/100g)
include: liver (26-58), beef and lamb (1-3),
chicken (trace-1), eggs (1-2.5) and dairy foods
(0.3-2.4).

There are no naturally occurring bioactive forms
of VB12 from plant sources. Some plant foods
contain added VB12 and others e.g., seaweed
and mushrooms contain vitamin B12 analogues
that are inactive in humans, although 2 studies
suggest certain types of Japanese seaweed (nori)
have prevented vitamin B12 deficiency in
vegans [18]. Some foods that are contaminated
or fermented by bacteria e.g., tempeh and Thai
fish sauce, have been reported to contain vitamin
B12[18], although these may have low affinity
with IF and may be poorly absorbed [19].

A number of methods have been used to
determine the vitamin B12 content of foods.
Microbiological assays using vitamin B12
requiring bacteria were used, however, they are
no longer the reference method as measurement
uncertainty is high. Radio isotope dilution
assays with labeled VB12 and hog IF are used
[20]. Further advances are expected with the
development of more specific monoclonal
antibodies tests using specific binding proteins
[21].

VB12 REQUIREMENT

The Recommended Dietary Intake (RDI) is set
to prevent megaloblastic anaemia and maintain
adequate serum VBI12 concentrations. It is
assumed that 50% of dietary VB12 is absorbed.
The RDI and estimated average requirement
(EAR) do not vary once adulthood is reached.
However, the US and Australian Nutrient
Reference Values suggest that older adults with
atrophic gastritis may require higher intakes of
VB12-rich foods, vitamin B12 fortified foods or
supplements [3,22]. The US Institute of
Medicine has recommended that adults over 51
years consume most of their VB12 from fortified
foods or from supplements, again recognising
the high rates of malabsorption due to gastritis
that occurs with age. VBI12 stores last several
years and the development of deficiency is slow,
however the combination of malabsorption and
inadequate dietary intake will hasten deficiency

[3]-
INTERACTIONS WITH VBI12

PPI medications are commonly used in the
elderly for the treatment of gastro-oesophageal
reflux disease. PPI medications act by reducing
the secretion of gastric acid and pepsin,
theoretically leading to a decrease in the
absorption of protein-bound VBI12. [30-33].
Metformin is a biguanide used for the treatment
of non-insulin dependent diabetes and some
patients taking this medication develop
megaloblastic anaemia [34,35]. This may relate
to intestinal mobility changes or bacterial
overgrowth competing for vitamin B12 in the
gastrointestinal tract. It has also been shown that
calcium improves the uptake of VBI2 in
metformin users [35]. Nitrous oxide anesthesia
inhibits = methionine  synthase and L-
methylmalonyl-CoA mutase and produces
deficiency symptoms despite concentrations of
serum vitamin B12 in the normal range [36].
Antiepileptic drugs have been associated with
low concentrations of VBI12, but this is
controversial with some studies showing no
change and others increased levels of VB12
[37].
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DISCUSSION AND CONCLUSION

VBI12 is an very essential water soluble vitamin
important in  cellular metabolism and
maintenance of the integrity of the nervous
system. It is important in the synthesis of DNA
and thus cell division. Deficiency of VBI12
causes impaired erythropoiesis and nervous
system demyelination, PPIS, Metformin and
Nitrous oxide decrease in the absorption of
protein-bound VBI12 and deficiency. Vitamin
B12 is concentrated in animal tissues, hence,
VBI12 is found only in foods of animal origin.
VBI12 is essential components in the metabolism
of homocysteine (Hcy). Hyperhomocysteinemia
has been implicated in endothelial dysfunction
and cardiovascular disease VB12 deficiency and
hyperhomocysteinemia were associated with
traditional and non-traditional cardiovascular
risk factors and were independently associated
with dyslipidemia even after adjustment for all
other risk factors in Indian patients with CAD.
There has been renewed interest in vitamin B12
since the reporting of associations between
homocysteine and chronic disease, particularly
vascular disease. Vegetarians are at risk of VB12
deficiency as are other groups with low intakes
of animal foods or those with restrictive dietary
patterns. Malabsorption of VB12 is most
commonly seen in the elderly, secondary to
gastric achlorhydria, proper diagnosis and
Management can help patients from peripheral
neuropathy and cardiovascular disorders.
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