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Abstract
Vitamin B12 (B12) is an essential cofactor in cellular metabolism − adequate supplies are needed for 
normal blood formation and neurological function, and deficiency can therefore lead to macrocytic 
anaemia and neurological deficits. Deficiency can be due to inadequate dietary intake, especially in 
vegans, but is otherwise more likely due to problems with absorption, which is more complex than 
that of other vitamins. Apart from vegans and people with gastrointestinal conditions, infants and 
children from B12-deficient mothers and the elderly are at particular risk of B12 deficiency.

Whilst in conventional medical practice B12 deficiency is generally treated with intramuscular 
injections, it is generally accepted that oral (per os) administration at a high dose is as effective at 
improving B12 status. Diagnosis of B12 deficiency is complicated by the fact that levels of B12 in the 
blood are maintained even when stores are low at the expense of tissue levels. Where a deficiency 
is suspected but serum levels are normal, other markers can be used to confirm a deficiency.
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Introduction
Vitamin B12 (B12), or cobalamin, is a cobalt-
containing compound, and exists in four 
forms, methylcobalamin (methyl-B12) and 
adenosylcobalamin (adenosyl-B12) that naturally 
occur in the body, and cyanocobalamin 
(cyano-B12) and hydroxocobalamin 
(hydroxo-B12) that are synthetic forms used 
in supplementation and food fortification.1 
Adequate supplies are essential for normal 
blood formation and neurological function.2

Methyl-B12 is an essential cofactor in the 
one-carbon methylation cycle converting 
homocysteine to methionine, and in the course 
converting methyl-tetrahydrofolate back to 
tetrahydrofolate; deficiency can therefore lead 
to elevated homocysteine levels and impaired 
synthesis of DNA.3 The latter affects blood 
formation, leading to anaemia, a hallmark sign 
of B12 deficiency.3 

Adenosyl-B12, on the other hand, is a cofactor 
for the enzyme converting methylmalonyl-
CoA to succinyl-CoA, which is crucial for 
channelling fatty acids and amino acids into 
the Krebs cycle for energy production.3 In B12 
deficiency, methylmalonic acid (MMA) can 
accumulate, and it is thought that elevated 
MMA, alongside elevated homocysteine, 
contributes to damage of the myelin sheath 
(which protects nerve cells and speeds 
up nerve transmission), which can cause 
irreversible neurological problems.3 

Vitamin B12 deficiency
The haematological effects of B12 deficiency 
are the same as for folate deficiency, and 
are characterised by macrocytic anaemia 
(with abnormally large red blood cells).2 
Folate supplementation can correct these 
haematological effects of B12 deficiency but 
not the neurological complications, which 
include neuropathies, such as tingling and 

numbness in the arms and legs, sensory and 
motor disturbances, including abnormal gait, 
and cognitive changes.2 Seventy-five−90% 
of patients with B12 deficiency present with 
neurological complications, which may be the 
only manifestation in up to 25% of cases.2

B12 deficiency can be due to inadequate 
dietary intake, in particular in people following 
a strict vegan diet (B12 is only found in animal 
foods). As B12 is stored in the liver, it can take 3 
years following a switch to a vegan diet before 
deficiency occurs.

More commonly though, deficiency is due 
to poor absorption of this large vitamin. 
Stomach acid and pepsin are required to free 
food-bound B12, which then binds to salivary 
R-proteins. Pancreatic proteases release 
B12 in the small intestine where it then binds 
to intrinsic factor (IF), which is secreted by 
the parietal cells in the stomach. The IF−
B12 complex is absorbed in the ileum, the 
distal part of the small intestine.2 If anything 
goes wrong with any of these steps, such 
as low stomach acid (e.g. due to ageing 
or through acid-lowering medication), or 
bariatric surgery, lack of pancreatic enzymes, 
small intestinal bacterial overgrowth, certain 
intestinal parasites or dysfunction of the small 
intestine (e.g. in coeliac or Crohn’s disease), 
this can lead to B12 deficiency.2 Metformin (an 
antidiabetic drug) and nitric oxide have also 
been shown to decrease B12.4,5,6

The term ‘pernicious anaemia’ refers to 
an autoimmune disease that destroys the 
parietal cells, leading to a lack of IF and thus 
B12 deficiency.7  

Apart from vegans and people with 
gastrointestinal conditions, infants and 
children from B12-deficient mothers and 
the elderly are at particular risk of B12 
deficiency, and pregnant and breastfeeding 
women have higher requirements.4
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Diagnosis of deficiency
There is no simple definitive laboratory test 
to establish B12 deficiency.

After absorption, B12 is bound to transport 
proteins, 75−80% to haptocorrin, which 
transports B12 in the blood, and 20−25% to 
transcobalamin, which delivers B12 to the 
tissues, also referred to as ‘active B12’ or ‘holo-
transcobalamin’.4 Both total B12, i.e. bound 
to haptocorrin and transcobalamin, can be 
tested in serum. However, serum levels may 
be maintained at normal or borderline levels at 
the expense of tissue concentrations.2

Serum levels of 300 ng/l and above 
are usually considered normal.3 The UK 
National Institute for Health and Care 
Excellence (NICE) states that a cut-off of 
200 ng/l identifies 97% of people with B12 
deficiency, and a level below 100 ng/l is 
usually accompanied by metabolic or clinical 
evidence of B12 deficiency.8 A full blood 
count, to check for macrocytic anaemia and 
other haematological parameters, should 
also be carried out.8

Where results are unclear, serum MMA 
and homocysteine levels (both of which 
accumulate with B12 deficiency as discussed 
above) can also be used to confirm a 
diagnosis, although homocysteine is not 
specific to B12 deficiency, as it may also be 
caused by deficiencies in other B vitamins.2,3

Correction of deficiency – different 
routes of administration
Depending on the cause of the deficiency, 
different strategies to correct it can be 
applied, although in conventional medical 
practice the most common treatment is 
intramuscular (i.m.) injection of B12.9 Where 
IF is present, a deficiency can easily be 
overcome by oral supplementation of 
crystalline cobalamin, which does not need 
to be cleaved from food proteins.2 

Clinical trials have shown that approximately 
1% of crystalline B12 is absorbed passively, 
i.e. without the need for IF, and that 
high doses (1000 µg per day) of oral 
B12 can therefore be effective even in 
pernicious anaemia.2,9,10 At the start of 
oral vitamin B12 replacement therapy, 
close monthly monitoring of laboratory 
results and symptoms is recommended, 
thereafter annual monitoring should suffice; 
however, patients with severe neurological 
complications or critically low B12 status 
should be treated with i.m. injections initially 
to rapidly replenish stores.10 Compared 
with i.m. B12, oral therapy could not only 
save resources and time, but may also be 
preferable for patients with coagulation 
issues (coagulopathies or on blood-thinning 
medications) and those who are adverse 
to injections, for example, elderly patients 
with sarcopenia for whom i.m. injections 
are painful, whilst for those with poor 
compliance with oral intake, injections may 
be preferable.10

A number of studies have investigated 
sublingual administration, and all found 
sublingual B12 to be effective in normalising 
B12 status in deficient adults,11,12,13,14 infants15 and 
children.16 Most studies included patients with 
various aetiologies of B12 deficiency, including 
pernicious anaemia, and improvements 
were seen across different causes. Dosing 
regimens have ranged from 350 µg per week 
(in vegetarians) to 2000 µg per day in a study 
including patients with pernicious anaemia, 
with the most common daily dose being 
1000 µg per day. A number of clinical trials 
compared sublingual with i.m. administration 
and found comparable results.16,17 

It is unclear whether B12 is absorbed via the 
oral mucosa or in the small intestine with 
sublingual administration, and research into 
this question is scarce.18 A study in 2003 
compared oral versus sublingual cyano-B12 
(500 µg per day for 8 weeks), and found 
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that both increased B12 levels significantly 
without a significant difference between 
the two.13 Another study, comparing oral and 
sublingual administration of a complex of B12, 
folate and vitamin B6 also found no significant 
differences in effect on homocysteine 
between the two modes of administration.19

Correction of deficiency – different 
formulations of B12
As mentioned above, cobalamin exists in 
various forms. The most commonly used 
form for supplementation, both injectable 
and oral, is cyano-B12, which contains a 
cyanide moiety attached to cobalamin.7 
Cyano-B12 can be converted to methyl-B12 
and adenosyl-B12.2 Other commercially 
available forms include the naturally 
occurring methyl-B12, and less commonly 
adenosyl-B12, and hydroxo-B12, which is 
used mainly in prescription products.

In 2015, Obeid et al. reviewed the evidence 
as to whether any of the available forms 
of B12 are superior, and concluded that all 
forms can be converted to the active methyl- 
and adenosyl-B12 forms, and that there was 
not sufficient evidence to suggest that any 
form was superior in terms of bioavailability, 
biochemical effects or clinical efficacy.20 

In the same year, Thakkar and Billa also 
compared the benefits of the different forms, 
and argued that methyl-B12 alone may not 
address the neurological complications 
in B12 deficiency that arise partly from 
the lack of adenosyl-B12.21 However, as 
all supplemented forms are converted 
to cobalamin, which then gets converted 
to either the methyl or adenosyl form,18 
this does not appear to be plausible. The 
authors suggest that either methyl-B12 and 
adenosyl-B12 should be given together, or 
either cyano-B12 or hydroxo-B12 on their 
own, both of which can be converted into 
both active forms. The authors also point 
out that in some rare genetic disorders of 

B12 metabolism, the active forms may be 
required, and that smokers, who tend to 
have an excess of thiocyanate in their blood, 
may benefit from a taking a form other than 
cyano-B12.20

In 2017, Paul and Brady came to similar 
conclusions that all four forms appear 
to be effective, although they point out 
research that shows that tissue retention 
of cyano-B12 is lower and urinary excretion 
higher than that of the other forms, although 
this statement is based on a review from 
1965.18 As Thakkar and Billa, they point out 
potential concerns for smokers, but again 
this is based on an article from 1970. Paul 
and Brady also note that various single-
nucleotide polymorphisms (SNPs) may 
influence the efficacy and bioavailability, but 
that at this time there is neither sufficient 
clinical research in this area nor are tests for 
these SNPs commercially available.18 

Support for the poorer bioavailability of 
cyano-B12 comes from a study comparing 
sublingual cyano- with methyl-B12 (both 
1000 µg per day), which found that both 
forms led to a normalisation of B12 status, 
but B12 levels increased significantly more 
in the methyl-B12 form compared with the 
cyano-B12 form, although the formulations 
also had other differences − the former was 
a tablet, the latter a spray.16

The aim of this paper is to review the 
evidence for the use of B12 in clinical practice 
beyond the replacement in deficiency. Not all 
articles specify which form of B12 was used 
in the respective study; where the form is 
reported, it is stated in this paper.
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Clinical uses
Aphthous ulcers
Aphthous (mouth) ulcers are common lesions 
in the oral mucosa, affecting up to 50% of the 
general population.22 The causes of aphthous 
ulcers are unknown, and may include systemic 
diseases, nutritional deficiencies, food allergies, 
genetic predisposition, immune disorders, 
medications and human immunodeficiency virus 
infection.23 As early as 1967, the benefits of i.m. 
B12 for healing of the oral mucosa were shown in 
a clinical study in patients following oral surgery.24

A study in 2008 showed that increasing B12 
levels through i.m. cyano-B12 decreased the 
frequency of recurrent aphthous ulcers in 
patients with normal (defined as a B12 status of 
≥ 140 ng/l) as well as with low levels of B12 at 
baseline.25 The dosing schedule was 1000 µg 
daily for 7 days, then 1000 µg once per week for 
1 month, then 1 × 1000 µg injection monthly for 
6 months. In 2009, a double-blind randomised-
controlled trial (RCT) found significant reductions 
in duration of outbreaks, the number of ulcers 
and the level of pain in those on B12, 1000 
µg per day sublingually (form not reported), 
regardless of B12 level.23 After 6 months of 
supplementation, 74% in the B12 group had 
reached “no aphthous ulcer status”, compared 
with 32% in the placebo group. In 2015, 
another double-blind RCT reported significant 
improvements in pain associated with aphthous 
ulcers with a B12 ointment compared with a B12-
free ointment.22

Whilst evidence is limited, it consistently reports 
a benefit of B12 for aphthous ulcers regardless of 
B12 status. Both sublingual and injectable forms 
have shown benefits.

It has been thought that B12 deficiency may play 
a role in the development of aphthous ulcers.25 
Volkov et al., who found that benefits were 
regardless of B12 status, discuss the possibility 
that patients in their study were deficient despite 
serum levels being within normal limits, as no 
other biomarker tests were carried out.23

Autism spectrum disorder (ASD)
Autism spectrum disorder is a common 
neurodevelopmental disorder, characterised by 
reduced social communication, and restrictive 
and repetitive behaviours and interests.26 
Biochemical abnormalities commonly seen in 
patients with ASD include impaired methylation, 
sulphation capacities and low glutathione (GSH) 
redox capacity, all of which can potentially 
respond to B12 supplementation.26

A review of 17 clinical studies of various trial 
designs, including pro- and retrospective, 
concluded that “B12, particularly 
subcutaneously injected mB12 [methyl-B12], 
improves metabolic abnormalities in ASD 
along with clinical symptoms”.26 Only two 
of the reviewed studies were RCTs of B12 
on its own in children with ASD, both using 
subcutaneous methyl-B12. One of the RCTs 
found significant mean improvements in 
Clinical Global Impressions-Improvement 
(CGI-I) score and cellular methylation 
capacity, but not in the Aberrant Behaviour 
Checklist (ABC), Social Responsiveness 
Scale (SRS) or GSH metabolism, with those 
who had the lowest methionine status at 
baseline (suggesting impaired methylation 
capacity) significantly more likely to respond 
to supplementation.27 The other RCT found 
no significant mean differences between 
B12 and placebo; however, it did report 
a significant clinical response in 30% of 
children on B12, which correlated with 
significant improvements in GSH redox 
status following B12 injections.28 Dosages 
were 64.5 and 75 µg/kg bodyweight every 3 
days for 6 and 8 weeks, respectively.

Overall, although limited, the evidence 
suggests a benefit of methyl-B12 for children 
with ASD. Certain subgroups may be more 
likely to respond to treatment, including 
those with lower methionine levels and/or 
lower GSH redox status.

The study by Hendren et al. suggests that 
improvements in methylation may explain 
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the benefits of B12 in ASD,27 whilst the 
results from Bertoglio et al. point towards 
the positive effect of B12 on GSH redox 
capacity as a possible mechanism of action28 
that may improve brain function as well as 
the immune system and the gastrointestinal 
tract in individuals with ASD.26 Other possible 
mechanisms include improvements in 
mitochondrial function and a reduction of 
glutamate, an excitatory neurotransmitter, 
which is also a precursor to GSH.26 People 
with ASD have been shown to be more 
likely to have certain SNPs affecting B12 
bioavailability, therefore they may require 
higher intakes.26 

Cognitive function [including 
Alzheimer’s disease (AD)]
B12 deficiency is common in the elderly, with a 
prevalence of 15−40%, especially in the elderly 
with mental disease.29 Due to its importance in 
the synthesis of myelin and neurotransmitters, 
as well as in keeping homocysteine levels 
low, all of which are associated with cognitive 
function, B12 has been studied for a potential 
role in cognitive function.30 

A 2021 meta-analysis on the effects of B12 
on cognitive function found no benefit with 
either B12 alone (based on four RCTs) or 
B12 combined with other B vitamins (based 
on 13 studies).30 Three of the four RCTs of 
B12 alone used oral B12 (1000 µg per day) 
and one used i.m. B12 (1000 µg per week). 
In 2003, a Cochrane review of three RCTs 
on cognitive function in patients with AD 
or other forms of cognitive impairment also 
found no evidence of benefits of B12 on 
cognitive function compared with placebo.31

Since the 2021 review, one more RCT has 
been published that compared oral B12 
alone, 25 µg per day (form not reported), 
or with folate (800 µg per day) versus 
no supplements for 6 months in patients 
with mild cognitive impairment.32 B12 with 
folate, but not alone, led to significant 
improvements in cognitive function.

In the 1990s and 2000s, further non-RCT 
studies in the elderly with or without dementia/
AD and low B12 status have also mostly shown 
no benefit of B12 for cognitive function.33,34,35,36,37

One study suggests that length of time from 
diagnosis of cognitive impairment is important 
for response rate, in that patients who had 
experienced symptoms for less than 12 
months improved on B12, whilst those with 
symptoms for more than 12 months continued 
to decline.38 The dose was 1000 µg i.m. daily 
for 1 week, once a week for 1 month, and 
then monthly for at least 6 months. Similarly, 
another study found that hydroxo-B12 (1000 
µg i.m. every other day 10 times, then once 
a month) was of benefit for people with mild 
to moderate but not for those with severe 
dementia.29 A study in the elderly without 
cognitive impairment also found significant 
improvements with hydroxo-B12, 1000 µg  
i.m. weekly for 1 month, then monthly  
for 4 months, in cerebral and cognitive 
function, which were related to reductions  
in homocysteine.39

Most studies used B12 i.m., with slightly 
varying dosing regimens, commonly 1000 
µg daily for 5−7 days, followed by weekly 
injections for another 3−4 weeks, and then 
monthly injections. In many of the above 
studies, patients were reported to have 
subnormal B12 levels.

Overall, there is not sufficient evidence to 
recommend B12 on its own for the elderly 
with impaired cognitive function, although 
those with early symptoms may benefit. 
This may be due to damage induced by 
inadequate B12 supply and affecting brain 
function, becoming irreversible after a certain 
period of time.

Depression
Major depressive disorder (MDD) affects 
4.2–17% of populations worldwide, and 
is a common cause of disability.40 High 
homocysteine is associated with poor 
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response, and high B12 levels with a good 
response to anti-depressant treatment.40

Four RCTs have evaluated the effects of B12 in 
depression. One study, which also evaluated 
cognitive function in patients with high MMA 
concentrations, found no significant effects on 
the MDD inventory score, but only 30 of the 140 
subjects had depression at baseline, which may 
have diluted any benefits.41 Patients received 
1000 µg cyano-B12 per week i.m. for 4 weeks 
or placebo injections. A study in patients with 
irritable bowel syndrome or inflammatory 
bowel disease with concomitant fatigue and 
depressive symptoms at baseline also found 
no benefits with oral B12, 1000 µg per day for 
8 weeks (form not reported), on depressive 
symptoms despite significantly raising B12 
levels, although baseline B12 levels were 
considered normal in all patients (> 203 ng/l).42 
Another RCT studied cyano-B12, 1500 µg three 
times per day for 2 weeks (route not reported), 
in patients with seasonal affective disorder and 
found no improvements in either the B12 or the 
placebo group.43

One RCT evaluated B12 alongside anti-
depressants in patients with depression and 
moderately low B12 status (190−300 ng/l) and 
found that 100% of those on B12, 1000 µg per 
week i.m. for 6 weeks (form not reported), 
responded to treatment compared with 69% 
on anti-depressants alone, a statistically 
significant difference.40

There is insufficient evidence to suggest that 
B12 on its own is beneficial in depression. 

Fatigue
Fatigue is a common symptom of B12 
deficiency, but evidence that B12 beyond the 
correction of deficiency has any benefits for 
energy is lacking.

A double-blind, placebo-controlled trial in 
95 patients with irritable bowel syndrome or 
inflammatory bowel disease and normal B12 
levels found no significant improvements in 
fatigue, although B12 levels increased in the 

B12 group who received 1000 µg per day per 
os (p.o.) for 8 weeks (form not reported).42 A 
double-blind crossover study from 1973 in 
patients complaining of tiredness found benefits 
of hydroxo-B12, 5000 µg twice per week i.m. for 
2 weeks, on happiness and general wellbeing 
scores, but not on energy, sleep or appetite.44

An open-label, uncontrolled trial in 51 
patients with myalgic encephalomyelitis/
chronic fatigue syndrome (ME/CFS) found 
improvements in 34 patients after 3 months 
of supplementation with hydroxo-B12, 10 000 
mcg twice per week as nasal drops. In this 
study, B12 levels were 244 pmol/l or more 
in all patients at baseline, but in those who 
improved, B12 levels almost quadrupled, 
whilst in non-responders B12 levels went up 
by only 50%.45 Because this study had no 
control group it is impossible to establish 
whether the observed benefits were due to 
a placebo effect. Nasal administration is not 
well studied,1 and the difference in effect on 
B12 levels amongst individuals may be due to 
the route of administration.

At this point, there is insufficient evidence to 
recommend B12 supplementation for fatigue 
beyond correcting a deficiency.

Homocysteine
Elevated homocysteine is a risk factor for 
cardiovascular disease, and folate, B12 and 
vitamin B6 have been shown to reduce 
homocysteine levels.46 This section will 
look at the effectiveness of B12 in lowering 
homocysteine either on its own or the 
additional effect it has with other B vitamins. 

There is a significant body of research, 
mostly from the 2000s, on the 
homocysteine-lowering benefits of B12 in 
patients with end-stage renal disease and 
who are on haemodialysis (HD), 80−100% of 
whom have elevated homocysteine levels.47

Most studies in patients on HD have shown 
benefits of B12 either on its own or extra 
benefit when added to other B vitamins 
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(mostly folate).47,48,49,50,51,52,53,54 All these 
studies used injectable B12, most commonly 
given intravenously (i.v.) after HD two−three 
times per week, and the most common dose 
was 1000 µg per injection. The forms of 
B12 were not always reported, but included 
cyano-, hydroxo- and methyl-B12.

A couple of studies found no benefits of B12 
for lowering homocysteine in HD patients, 
one used oral B12, 2000 µg three times 
per week for 6 weeks,55 the other used 
methyl-B12 i.m. at a dose of 500 µg twice 
a week,56 a dose lower than in most other 
trials. Another RCT found a decrease in 
homocysteine with 1000 µg hydroxo-B12 
monthly for 3 months by 2 µmol/l, whilst 
the control group had a 2 µmol/l increase, 
although the difference was not statistically 
significant; however, the trial was powered to 
only detect much larger reductions.57

Positive effects of B12 on homocysteine 
levels have also been observed in other 
patient populations, including healthy adults,46 
vegetarian women,58 generally healthy 
women,59 older adults with elevated MMA 
and homocysteine,37 and patients with type 
2 diabetes mellitus.60 Dosages ranged from 
2 µg per day p.o. for 12 months in healthy 
women59 to 1000 µg per day i.m. for 3 weeks 
in diabetics.60 Two studies used methyl-B12,58,60 
the others did not mention the form.

Overall, the evidence supports the use of B12, 
on its own or in addition to other supplements, 
for the reduction of homocysteine levels. The 
dosing regimen may depend on the specific 
patient population, with low-dose, long-term 
supplementation possibly being sufficient in 
healthy individuals, whilst patients with end-
stage renal disease probably need higher 
dosages and ideally in combination with folate.

Pain
Animal studies have shown beneficial effects 
of B12 on the regeneration of nerves and the 
inhibition of pain-signalling pathways, including 

cyclooxygenase enzymes.61 Clinical trials in 
humans have evaluated the benefits of B12 in 
a number of painful conditions.

Back pain

Low back pain is very common, it is 
estimated that 84% of the general population 
experience low back pain at least once in 
adulthood, with up to 90% being non-specific 
and without known cause.62

Two double-blind RCTs investigated the 
effectiveness of B12 in adults who had been 
suffering from low back pain for more than 6 
months, and both found significantly better 
pain reduction in the B12 compared with the 
placebo group. Both studies administered B12 
i.m., one used methyl-B12 at a dose of 500 µg 
three times per week for 2 weeks,63 the other 
used cyano-B12, 1000 µg daily for 2 weeks.64

Positive effects of B12, 2500 µg daily 
sublingually for 90 days (form not reported), 
have also been seen in musculoskeletal 
pain as a side-effect of aromatase inhibitors 
in patients with breast cancer, with a 34% 
reduction of pain.65 However, as this was an 
open-label, uncontrolled trial, it is impossible 
to assess how much of the improvement was 
due to a placebo effect.

Although clinical trials are limited, the 
evidence suggests that B12 injections at a 
dose of at least 500 µg three times per week 
for 2 weeks are effective in relieving chronic 
low back pain.

Herpetic neuralgia

Intense neuritic pain and neuralgia are common 
in patients with herpes zoster (HZ, shingles), 
and acute herpetic neuralgia (AHN) is defined 
as pain within 30 days of HZ infection.66 Post-
herpetic neuralgia affects one in five patients 
with HZ and, whilst most patients fully recover 
within 1 year, for some symptoms can persist for 
years or may be permanent.67
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In 2018, a meta-analysis of four RCTs found 
significant benefits for herpetic neuralgia of 
locally injected methyl-B12, 1 mg on 6 days 
per week for 2−4 weeks.68 All four studies 
appear to have been carried out by the same 
group of researchers. The same research 
group also investigated local injection of 
methyl-B12 in optic herpetic neuralgia alongside 
local lidocaine injection versus systemic B12 
administration, i.m. or p.o., alongside local 
lidocaine, and found the local B12 injection to 
be significantly more effective in pain relief than 
either i.m. or p.o. B12 administration.69

An RCT of 31 patients with HZ and AHN 
investigated the effectiveness of i.m. B12 on 
3 consecutive days (dose reported as 1 mg/
ml, form not reported) alongside valaciclovir 
(an antiviral drug) for 5 days and diclofenac (a 
non-steroidal anti-inflammatory drug) versus 
valaciclovir and diclofenac alone.70 At 3 weeks, 
the pain scores of both groups had significantly 
decreased from 5.6 and 5.1, respectively, to 
0.9 in both groups, with no difference between 
groups. Unfortunately, pain scores were not 
assessed at any earlier points in this study, it is 
therefore unknown whether pain had decreased 
more in the B12 group at an earlier time point.

Whilst local injection of methyl-B12 appears to 
be effective in relieving herpetic pain alongside 
lidocaine injections, there is at present no 
evidence that systemic B12, either i.m. or p.o., is 
of benefit.

Peripheral neuropathy (PN)

In PN, nerves in the arms and legs are 
damaged, leading to a variety of symptoms, 
including pain, burning, numbness, tingling, 
loss of balance and co-ordination, and muscle 
weakness. About 1 in 10 people aged 55 years 
and over are affected by PN, and the most 
common cause is diabetes. Other causes 
include physical injury to nerves, viral infection 
such as HZ, alcohol and certain medications.71

Most research on the use of B12 focusses on 
diabetic neuropathy. 

In the past 8 years, four meta-analyses, including 
16−26 RCTs each, have pooled the data from 
studies comparing prostaglandin E1 (PE1)  with 
and without B12 and with or without additional 
alpha-lipoic acid. The combination of B12 plus 
PE1 has been shown to be more effective in 
improving symptoms and nerve conduction 
velocity (NCV) than either B1272 or PE173 alone. 
The addition of lipoic acid further increased 
improvements in both clinical symptoms and 
NCV.74 A meta-analysis comparing B12 alone 
and with lipoic acid found that the combination is 
more effective than B12 alone.75

A number of studies on the use of B12 on its 
own in patients with diabetic neuropathy have 
been carried out, and all showed benefits 
in symptoms and/or neurophysiological 
parameters.76,77,78,79,80,81,82,83 Not all studies reported 
which form of B12 was used, but all that specified 
form had used methyl-B12. B12 was given either 
orally76,78,81,82 or injectable, i.m. 2000 µg twice 
per week for 3 months,79 i.v. 500 µg three times 
per week for 6 months,80 or intrathecally (into 
the cerebrospinal fluid) 2500 µg per month 
for several months.83 For oral administration, 
dosages were in the range of 750−1500 µg per 
day for 12 weeks to 1 year. 

Two clinical trials investigated the benefits 
of B12 in non-diabetic neuropathy. An open-
label RCT compared two dosing regimens, 
i.m. methyl-B12 500 µg three times per 
week versus 1500 µg once a week for 2 
weeks, in 24 patients with PN and 10 healthy 
volunteers.84 A significantly higher increase 
in B12 levels was seen in both patients with 
PN and healthy volunteers with the three 
times per week compared with once a week 
administration. Both dosage regimens showed 
significant benefits in PN symptoms compared 
with baseline with no significant difference 
between the groups.

Another open-label trial involving 14 patients 
with immune-mediated or hereditary 
neuropathy evaluated i.v. methyl-B12, 25 mg 
daily for 10 days followed by 25 mg monthly 
for 5 months. Neuropathy scores improved 
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in seven patients, mostly in patients with 
immune-mediated neuropathy, but remained 
unchanged or worsened in the remaining 
five patients (two patients dropped out due 
to adverse events that were considered 
unrelated to B12).85

In a post-marketing surveillance study, 
methyl-B12, 750 μg per day p.o. for 4 weeks, 
has also shown benefit alongside pregabalin 
(a drug commonly used for neuropathic 
pain), but as this was an uncontrolled trial the 
contribution B12 made to the improvements 
cannot be established.86

Overall, the evidence is overwhelmingly 
in favour of the use of methyl-B12, alone 
or alongside other treatments, in diabetic 
neuropathy, with oral and injectable B12 
showing benefits. Evidence from RCTs for the 
use of B12 in other types of neuropathies is 
scarce, although non-randomised/uncontrolled 
studies have shown some benefits.

Sleep−wake cycle
In the 1990s, a number of trials were carried 
out into the effects of B12 on circadian rhythm 
and the sleep−wake cycle, but no more recent 
studies have been published on this topic.

A number of small studies under laboratory 
conditions showed that B12 can alter melatonin 
levels and affect circadian rhythm.87,88,89

Results from studies on whether B12 can 
improve sleep−wake rhythm have been mixed. 
Whilst some studies found beneficial effects in 
patients with AD36 and dementia90 and in shift 
workers,91 others found no improvements in 
patients with sleep−wake rhythm disorders.92,93 
However, in the latter patient population, 
B12 has shown some benefits when used 
alongside other approaches including light 
therapy and drugs, although these studies had 
some methodological weaknesses, making 
it difficult to interpret the results.94,95 All of the 
studies had small sample sizes, and study 
details are mostly not well reported.

With no further research available at the 
moment, there is insufficient evidence to 
recommend B12 for sleep rhythm disorders.

The mechanism behind the possible 
influence of B12 on the circadian rhythm is 
not clear, but there is evidence to suggest 
that B12 may increase the light sensitivity of 
the circadian clock.96

Safety
B12 is considered safe even at high doses, 
and no adverse effects have been associated 
with excess B12 in healthy individuals.2,97 
Studies and clinical practice of treatment of 
pernicious anaemia with regular high-dose 
injections has confirmed the safety of B12 
at high dosages, and therefore neither the 
Institute of Medicine (IOM) in the USA nor 
the European Food Safety Agency (EFSA) 
have set an upper limit.2,97 The EFSA also 
states that B12 has not been found to be 
carcinogenic or mutagenic in in vitro and in 
vivo studies.

Caution is advised in patients with Leber optic 
atrophy, a genetic disorder caused by chronic 
cyanide intoxication (such as from smoking, 
alcohol or some plants), against the use of 
cyano-B12 due to its cyanide moiety, whilst 
hydroxo-B12 is a cyanide antagonist and can 
therefore be used in these patients.1,2

Allergic reactions, including anaphylactic 
shock, are rare and happen more often 
with injectable forms.1 General side-effects 
of hydroxo-B12 listed in the British National 
Formulary (BNF) are diarrhoea, dizziness, 
headache, hot flushes, nausea, skin reactions 
and urine discolouration; the frequency of 
these reactions is unknown.98 More side-
effects are listed for injectable forms. 

Drug interactions
No interactions with medications are listed in the 
BNF or other reports.1,2,98
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Pregnancy 
According to the EFSA, there is no evidence 
for teratogenicity or adverse effects on fertility 
or postnatal development with B12.97 B12 
requirements are increased during pregnancy.2,97 

Lactation
B12 requirements are increased during 
breastfeeding.2,97 Human milk naturally contains 
B12, and levels correlate with maternal intake 
and B12 status.99 Daily doses of at least 50−100 
µg are needed in cases of maternal deficiency, 
and should improve inadequate levels in the 
infant without exposing the infant to excessive 
B12.99 B12 deficiency in infants can cause 
anaemia, abnormal skin and hair development, 
convulsions, failure to thrive, mental 
developmental delay and possibly abnormal 
movements, and direct supplementation of the 
infant is recommended in such cases.99

Children
There are no specific safety concerns  
for children.

Conclusion
Whilst severe B12 deficiency has a 
clear clinical picture with characteristic 
haematological and/or neurological 
features, establishing mild or borderline 
deficiency can be problematic as serum 
levels are maintained at the expense of 
tissue concentrations, and therefore serum 
levels of B12 may be in the low normal 
or borderline range despite a deficiency. 
Other markers are not commonly measured 
either in clinical practice or in many clinical 
trials, making it difficult to interpret whether 
positive outcomes in some studies are due 
to correcting a deficiency or due to other 
pharmacological functions of B12.

There is clear evidence for the use of 
B12 in diabetic neuropathy, either alone 
or with other treatments, and in lowering 
homocysteine levels, again either alone or 

with other nutrients. Benefits have also been 
shown in low back pain, autistic spectrum 
disorders and aphthous ulcers, although this 
is based on small numbers of clinical trials. 

There is insufficient evidence for the use of B12, 
beyond correction of deficiency, in cognitive 
impairment, depression and fatigue. However, 
in view of the excellent safety profile of B12, 
even at high doses, supplementation, ideally 
as part of a more comprehensive nutritional 
programme, may still be of value when the 
clinical picture and/or other factors (e.g. vegans, 
elderly) are suggestive of subclinical deficiency, 
and with borderline or low normal serum 
B12 when confirming a deficiency through 
numerous tests is not possible.

It is generally accepted that oral high-dose 
B12 is as effective as i.m. administration in 
increasing B12 levels, even with IF deficiency, 
although in severe deficiency i.m. administration 
is recommended, at least initially, to quickly 
normalise levels. There is no evidence that 
sublingual administration has any benefits over 
oral intake, but it may be preferable for people 
with swallowing problems. Cyano-B12 is the most 
commonly used, and cheapest, form of B12 with 
no substantial evidence that other forms are 
more effective in improving B12 status.  

B12 is generally considered safe in all life stages 
even at high doses and there are no known 
interactions with any medications, but some 
drugs can increase the risk of B12 deficiency, 
including acid-lowering drugs and metformin.
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