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ABSTRACT

The water-soluble vitamin B12, often known as cobalamin, is crucial for the
haematological and neurological systems and has a complicated connection with the skin.
Dermatological symptoms caused by altered cobalamin levels may point to a vitamin shortage or
excess. Cobalamin's biology and metabolism are intricate, and disorders may be linked to
changes in this metabolic pathway. The most frequent cutaneous signs of cobalamin
insufficiency are hyperpigmentation, followed by changes to the hair, nails, and mouth, including
glossitis. In addition, an excess or shortage of cobalamin has been linked to a number of
dermatological disorders, such as vitiligo, aphthous stomatitis, atopic dermatitis, and acne. Acne,
rosacea, allergic reactions at the injection site, and anaphylaxis are some of the cutaneous side
effects of cobalamin therapy. Patients with cobalt sensitivity have been known to experience
cutaneous symptoms after taking cobalamin replacement therapy because cobalt is a component

of cobalamin.
INTRODUCTION

The haematological and neurological systems depend heavily on vitamin B12, sometimes
referred to as cobalamin, which is a water-soluble vitamin. It is a cofactor for the enzymes
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methylmalonyl-CoA mutase and homocysteine methyltransferase, and it can take many different
forms in the body. Since cobalamin is produced by bacteria and other microbes, animal products
are its main source. This study examines cobalamin metabolism, diseases linked to high levels of
cobalamin, clinical signs of cobalamin deficiency, relationships between cobalamin and a
number of dermatological conditions, including vitiligo, aphthous stomatitis, and atopic
dermatitis, as well as side effects of cobalamin therapy. In an effort to raise awareness of the
different ways in which cobalamin changes might affect the diagnosis and treatment of a number
of disorders, the focus is on the disease states and findings that are significant to the

dermatologist.

Biochemistry of Cobalamin

The two physiologically active coenzymes that vitamin B12 takes in the body are
methylcobalamin and adenosylcobalamin. Methionine synthase, a crucial enzyme in the folic
acid-dependent synthesis of pyrimidines and purines, and methylcobalamin are coenzymes.
Methylmalonyl CoA mutase uses adenosylcobalamin in the enzymatic breakdown of fatty acids.

Both the bone marrow and the central nervous system require these enzymes to operate normally

[1].

A number of coenzymes are needed for the complicated absorption and metabolism of
cobalamin .When cobalamin is consumed through dietary sources, pepsin in the stomach first
breaks it free from the proteins in the food. It then attaches to haptocorrin, a substance that is
present in saliva that shields cobalamin from the stomach's acidic environment. When digestive

proteases break down haptocorrin in the duodenum, free cobalamin attaches to intrinsic factor.
Elevated Cobalamin Levels

The term ‘elevated cobalamin levels’ refers to serum concentrations of the vitamin that are

greater than 950 pg/ml (701 pmol/L). These levels can be brought on by excessive ingestion or
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administration (such as in cobalamin therapy), the release of cobalamin from an internal
reservoir, and most frequently, an increase in transcobalamin (the cobalamin transporter) that
results from excessive production or a lack of clearance as well as a lack of affinity for transco
Numerous pathologic conditions, such as chronic myelogenous leukaemia, promyelocytic
leukaemia, polycythemia vera, and hypereosinophilic syndrome, are associated with elevated
cobalamin levels. Hypereosinophilic syndrome exhibits the highest cobalamin increase of these
disorders. The enhanced haptocorrin production by granulocytes and their precursors is what
results in the elevated cobalamin level. Since haptocorrin is not linked to secondary eosinophilia,
as is the case with parasitic infections, it can be used to distinguish between primary and
secondary eosinophilia [2]. Raised cobalamin levels along with elevated tryptase levels in
patients with hypereosinophilic syndrome can help identify a subset of patients with a
myeloproliferative version of the disease that has tissue fibrosis and a bad prognosis. The

FIP1L1-PDGFRA mutation seen in these patients imparts imatinib response [5].

Deficiency in cobalamin

One of the most prevalent vitamin deficits is vitamin B12, however there is no agreed-upon
threshold for cobalamin, folate, holotranscobalamin, methylmalonic acid, or homocysteine
levels. A recent review article revealed that the serum cut-off points for deficiency in journal
articles varied widely: for cobalamin, they ranged from 100 to 350 pmol/L; for
holotranscobalamin, they ranged from 20 to 50 pmol/L; for methylmalonic acid, they ranged
from 0.21 to 0.470 Imol/L; for homocysteine, they ranged from 10 to 21.6 Imol/L; and for folate,
they range Additionally, a transcobalamin shortage might infrequently result in cobalamin
pseudo-deficiency (low cobalamin serum levels but no genuine deficiency). Methylmalonic acid
and homocysteine levels would disclose this pseudodeficiency in this situation, negating the need
for cobalamin therapy [8]. Measuring methylmalonic acid in the urine, which has been
established to be a reliable laboratory marker in infants [9], is another technique to test for

cobalamin insufficiency.
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A diagnosis of vitamin B12 deficiency can be made using results of decreased serum
cobalamin, increased methylmalonic acid, or raised homocysteine .In a study of 406 patients
with documented vitamin B12 insufficiency, serum levels of homocysteine and methylmalonic
acid were both increased in 98.4% and 95.9% of the patients, respectively (defined as three
standard deviations above the mean). There is a sensitivity of 99.8% when measuring
homocysteine and methylmalonic acid levels together for diagnosis. Hematological symptoms of
the cobalamin deficit were not yet seen in this investigation because 28% of the patients had
normal hematocrit levels and 17% had normal mean corpuscular volumes [10]. One must also
take into account the fact that a folate shortage might increase homocysteine and unintentionally
lower serum levels of vitamin B12 when assessing laboratory results. Additionally,

methylmalonic acid might be increased by renal illness.

Numerous genetic loci in various ethnicities have been linked to the normal variance in
cobalamin and folate levels.The cobalamin absorption and metabolism pathways are affected by
the gene products [12]. Cobalamin intracellular processing genetic abnormalities have been
categorised into nine complementation classes. The severe effects of these mutations include
homocystinuria, methylmalonic aciduria, or a combination of the two. The current prevalence of
newborn screening for homocysteine and methylmalonate emphasises the value of detecting and
caring for these patients early [13]. The adenosine triphosphate (ATP)-binding cassette
transporter ABCD4, which is involved in the release of cobalamin from lysosomes into the
cytoplasm, is the target of the most recent reported mutation [14]. This mutation has been
reported to create a phenotype of skin pigmentation, in contrast to the other mutations, which
cause severe phenotypes with few discernible skin findings. One example had a 14-year-old boy
who had hyperpigmentation combined with neurological problems [15], while another involved a
12-year-old girl who had diffuse progressive skin pigmentation without neurological or

cardiovascular consequences [16].

Clinical signs of extracutaneous cobalamin insufficiency can take many different forms.
Megaloblastic macrocytic anaemia with hypersegmented polymorphonuclear cells and

pancytopenia are examples of haematological symptoms. Paresthesias, peripheral neuropathy,
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and integrated systems illness with demyelination of the dorsal columns and corticospinal tract
are examples of neurological symptoms. Irritability, personality changes, minor memory loss,
dementia, depression, and psychosis are examples of psychiatric alterations.An assessment of the
serum levels of folate and cobalamin should be taken into consideration because cobalamin

insufficiency has been reported frequently to manifest with parasitosis delusions [18].
Cutaneous Manifestations of Cobalamin Deficiency

The oral cavity, palms, soles, and flexural areas are particularly affected by the global
hyperpigmentation pattern. Additionally, pressure points like the terminal phalanges, knees, and
elbows may make it more noticeable. The first sign of a vitamin B12 deficiency may be
hyperpigmentation [21].Linear streaks on the nails and hair changes, such as polio, are also
visible [22]. When using replacement treatment, these results typically change over several

months.

Increased melanin in the basal layer of the epidermis supports the pathologic diagnosis of
hyperpigmentation resulting from vitamin B12 insufficiency. Numerous melanosomes were
observed in melanocytes and their surrounding keratinocytes in one electron microscopy
examination. According to this study, an increase in melanin production is the primary
mechanism causing hyperpigmentation brought on by vitamin B12 deficiency [23]. A biopsy
revealed a greater number of cutaneous blood vessels in one patient with reddish
hyperpigmentation caused by chronic cobalamin insufficiency that was treated with vitamin B12
injections. Vascular endothelial growth factor had weak expression in the pathology, which may
have encouraged angiogenesis in this patient and could be a mechanism for the
hyperpigmentation caused by cobalamin deficiency [24]. Additionally, it has been hypothesised
that the rise in melanin may be caused by cobalamin's effect on the level of reduced-type

glutathione, which typically inhibits tyrosinase [16].
Dermatologic Disease Associations with Cobalamin Deficiency

Cobalamin deficiency can present as vitiligo, however in the majority of instances, neither

condition is accompanied by the other. Because of this, it might be challenging to decide whether
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cobalamin insufficiency should be looked into in people who have vitiligo. In a group of 69
patients with vitiligo and 52 people in the control group, Karadag et al. [16] evaluated numerous
serum markers of cobalamin insufficiency, including cobalamin, folic acid, homocysteine, and
holotranscobalamin. They discovered that the vitiligo group had lower levels of vitamin B12 and
holotranscobalamin, which is regarded as the early sign of shortage, and greater levels of
homocysteine and haemoglobin. Their team hypothesised that the connection could be a result of
patients with cobalamin deficiency, hyperhomocysteinemia, and vitiligo sharing a similar genetic
origin. The results of two earlier research that looked into the connection between high

homocysteine levels and vitiligo were contradictory.

While Balci et al. [18] observed no significant difference in the levels of homocysteine between
48 patients with vitiligo and the control group, Shaker and El-Tahlawi [17] demonstrated that
homocysteine levels were considerably higher in 26 patients with vitiligo than in healthy
controls.Similar to that, studies using cobalamin as a treatment for vitiligo have produced

conflicting results.
Atopic Dermatitis

Even in cases where there is no clinical or subclinical insufficiency, cobalamin has been utilised
to treat a variety of dermatological conditions [14]. Cobalamin applied topically has
demonstrated potential as a secure treatment for atopic dermatitis. An 8-week trial using 0.07%
cyanocobalamin cream on one side of the body and a vehicle on the other involved 49 patients
with atopic dermatitis. The cyanocobalamin cream was well tolerated by the patient and
appeared to be effective from the investigators' and patient's perspectives. The modified Six Area
Six Sign Atopic Dermatitis score, which accounts for itchiness, erosion, lichenification,
erythema, and infiltration, was applied. In this study, the treatment side's score decreased by a
substantial amount more than the placebo side's score (55.34 for the vitamin B12 cream vs. 28.87

for the placebo) [15].

Complications of Vitamin B12 Therapy
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Cobalamin is already widely used to treat cobalamin deficiency, despite showing promise in
the treatment of several dermatologic disorders. The dermatologist must be aware of the potential
dermatologic side effects that may complicate cobalamin therapy. There have been multiple
cases of people receiving intramuscular cobalamin injections developing monomorphic
acneiform outbreaks. After the therapy was stopped, the eruptions went away [18]. It has been
shown that the vitamins cyanocobalamin, pyridoxine (B6), and riboflavin (B2) aggravate already
present acne [18]. A 17-year-old female developed rosacea fulminans after receiving supra-
therapeutic doses of oral vitamin B12 and B6 at 4,000 and 2,000% of the recommended daily
allowance, respectively [19]. Both parenteral and intramuscular cobalamin have been associated
with allergic and anaphylactic responses. Although they have happened with both of the forms
that are now available, cyanocobalamin and hydroxycobalamin, with some individuals
displaying crossreactivity to both [20, 21], they are more frequent with cyanocobalamin. It is a
suitable treatment to switch individuals who are exclusively sensitive to cyanocobalamin to
hydroxycobalamin [22]. Kartal et al. [23] were able to desensitise a patient who had become

sensitive to both formulations in one instance.

Patients can lower their intake of dietary cobalt by using the point-based system suggested
by Stuckert and Nedorost [16]. It should be noted that dental implants include a growing
proportion of cobalt, which can lead to oral hypersensitivity and a strong burning sensation in the
mouth [24]. Since nickel allergies are frequently related to cobalt sensitivity, finding out about
them before beginning vitamin B12 therapy may be beneficial [25-26]. Commercially available
spot tests for cobalt are crucial for determining skin exposure and the health hazards linked to

metal exposures (e.g., http://www. smartpractice.com) [19].

CONCLUSION

A deficit of cobalamin is very common as people get older because it is necessary for the
body to function properly. By identifying the mucocutaneous signs of the deficit, the

dermatologist can assist in the diagnosis. Since many patients are receiving cobalamin
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medication, it's particularly critical to understand cutaneous side effects. Cobalamin has been
linked to dermatological conditions such vitiligo, atopic dermatitis, and aphthous stomatitis.
Advances in diagnosis and treatment could result from a better understanding of the precise

interactions between these diseases and cobalamin.
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