
Abstract

Vitamin B12 deficiency is one of the common

conditions in the elderly population leading to confusion,

depression, memory loss and balance problems.

Unfortunately there is no gold standard test for the

diagnosis of cobalamin deficiency and a wide range of

variation in reference levels according to country, and

laboratory assay used. This poses a problem in diagnosing

this condition making it a commonly misdiagnosed

medical entity. There is current emphasis on need for

clearer guidelines and much research is still being done to

pave ways to determine better reference values for serum

B12 and other screening tests. It is advised that screening

methods are used adjunctively for the purpose of screening

individuals.
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Introduction

Vitamin B12 also known as cobalamin, is an

essential micronutrient required for proper functioning of

the body cells. Vitamin B12 deficiency has been estimated

to be more than 20 patient in the population of UK.1 It is not

necessarily limited to the elderly as it also occurs in vegans,

after gastric bypass surgery, Diabetes mellitus type 2 and

many other conditions and with drugs such as proton pump

inhibitors and Metformin.2 Therefore it is suggested that

people at risk should be screened to prevent misdiagnosis. It

takes part in two known reactions of body cells as a

coenzyme and is involved with myelination of nerves

ensuring conduction of nerve impulses and formation of red

blood cells. vitamin B12 deficiency is a common condition

associated with many other medical conditions such as

crohns disease, diabetes mellitus, multiple sclerosis,

Alzheimer's disease, dementia, autoimmune diseases as

thyroditis, rheumatoid arthritis and Addison's disease.

Pernicious anaemia which is considered to be an

autoimmune disease itself is specially associated with

autoimmune disorders.3 Knowledge of important key points

pointing to the diagnosis of this condition is essential for

every clinician so we will try to highlight some significant

diagnostic criteria in this review.

How common is it?

In the United Kingdom during the period 2008-

20094 according to NHS statistics 1152 hospital admissions

due to vitamin B12 deficiency resulted in finished

consultations, whereas 375 were emergency cases another

873 required hospital admission resulting in a total of 3092

bed days and another 376 were put on a waiting list. Highest

figures aetiology wise were for intrinsic factor deficiency

and according to age in above 75 years (Table-1).

This shows vitamin B12 can be diagnosed in a

primary care setting and introduction of screening in

carefully targeted risk groups seems sensible. If detected

earlier, prognosis may improve as randomised studies on
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Table-1: 

Primary diagnosis: 4 character Finished consultant Admissions Male Emergency Waiting list Age Age Age Age Day FCE 

code and description episodes 0-14 15-59 60-74 75+ case Bed Days

D51.0 Vitamin B12 deficiency anaemia

due to intrinsic factor deficiency 643 487 204 211 140 2 174 152 315 214 1661

D51.1  selective vitamin B12 malabsorption

with proteinurea 3 3 1 1 0 0 3 0 0 2 0

D51.3 Other dietary vitamin B12

deficiency anaemia 44 29 16 18 7 0 15 13 16 9 122

D51.8 Other vitamin B12 deficiency

anaemia's 54 41 27 21 8 1 16 8 29 15 185

D51.9 Vitamin B12 defic anemia

unspecified 208 313 179 124 121 3 136 81 188 181 1124



elderly had shown that daily intake of 1-2mg of

cyanocobalamin resulted in normalisation of metabolic

signs and improvement in neurological symptoms in terms

of power, gait, memory, vibration sensations and

parasthesia's5 but in some trials it was argued that such long

term oral supplements were not effective in reversal of

haematological features such as macrocytosis, basal

stippling etc.

In the UK as it happens in many other countries the

fact remains that vitamin B12 deficiency is often

misdiagnosed or under diagnosed. The most common

conditions, it is confused with are multiple sclerosis,

Alzheimer's disease, lateral amyotrophic sclerosis and

peripheral neuropathies. In fact there are no figures to prove

the misdiagnosis but the fact that so many older people are

presenting with vitamin B12 deficiency suggest there is a

tendency to under diagnose this condition.

Is diagnosing vitamin B12 a challenge?

The biggest reason for misdiagnosis is due to the

strikingly similar neurological symptoms these conditions

share with one another.

Now as vitamin b 12 stores may take 5 to 10 years to

be depleted so clinicians may miss the diagnosis as serum

B12 levels which is the primary diagnostic test may appear

normal. One also has to bear in mind that the vitamin B12

levels can be low independent of Macrocytic anaemia.6

Undoubtedly it is also costing the NHS a lot of money due

to number of admissions preventable as well as costs that

incur if complications develop. Vitamin B12 deficiency

may result in complications such as sub combined

degeneration of spinal cord. Moreover people having

pernicious anaemia are at a very high risk of developing

gastric carcinoma. Its speculted It costs only above £3.00 to

carry out a basic investigation as compared to £22 for 6

injections and £280 for antidepressants.7

Considering all the facts above Vitamin B12 levels

may be screened but as this could be costly making it

possible only to  screen risk groups who are either prone to

develop severe neurological symptoms or are already

developing them so follow ups should be encouraged in

those who have mild symptoms.

Dementia is also linked to very low vitamin B12

levels. About 1.5 percent of UK population suffers from

dementia that is about 820,000 people.8 An interesting

controlled trial study was carried out at the Oxford University

in which one group was given vitamin B12 and other group

received placebo. The results indicated on an average 30

percent less brain shrinkage was seen in those receiving

vitamin B12 being 50 percent in those who started on highest

dose of vitamin B12. This provides evidence that maybe

vitamin B12 deficiency is preventable and linked to other

neurological diseases and psychiatric disorders as well.9

Pregnant women who have vitamin B12 deficiency

may give birth to vitamin B12 deficient babies. The

incidence of neonatal vitamin B12 (cobalamin) deficiency

because of maternal deficiency was determined by a

research group surveying United States newborn screening

programmes. Thirty-two vitamin B deficient babies were

identified which is .88/100000.10 Pregnant women should

be screened for their risk of inadequate

intake/malabsorption of vitamin B12.Vitamin B12

secondary to maternal vitamin B12 deficiency leads to slow

neurological development, hypotonias and cerebral atrophy

and seizures.11 Children born with an inherited disorder of

vitamin B(12) metabolism  combined methylmalonic

acidaemia and homocystinuria, cobalamin C (cblC) type, is

caused by mutations in MMACHC in addition to these

neurological symptoms will have renal and hepatic

impairment as well.12

What are clinical symptoms?

There is a wide spectrum of clinical manifestations

of B12 deficiency affecting nearly every system of the body

which must be recognised before screening:

General symptoms like tiredness, malaise,

breathlessness, fatigue, tinnitus and lethargy.

Cutaneous lesions are Pallor, yellow tinge to the

skin, vitiligo, hyperpigmentation, angular stomatitis and

hair changes.13

Oral symptoms are ulceration and beefy red tongue

specially margins with swollen papillae.14

Neurological signs and symptoms such as pins and

needles, numbness, loss of balance, falls, loss of pain and

vibration sensations, memory loss, decreased power of

limbs or peripheral neuropathy which is mostly

symmetrical. Positive Babinskis sign and rarely signs of

autonomic dysfunction such as urine incontinence and

impotence may be encountered.

Gastrointestinal symptoms such as diarrhoea,

abdominal cramps. Psychiatric symptoms such as

depression, personality change, mania, hallucinations

delusions, irritability, mood changes may develop.

Cardiovascular symptoms and signs such as

murmurs, heart failure and syncope are also seen.

Complications are Peripheral neuropathy's specially

symmetrical mostly involving lower limb but can ascend to

upper limbs as well, Other neuropathy's are

encephalopathy's, myeloencephlopathy's, myelopathy's.

Optic neuropathy's, though uncommon, are visual evoked

potentials can be abnormal in even up to 77 percent of
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patients.  Other more common complication' are Macrocytic

anaemia and sub acute combined degeneration of spinal

cord. On MRI Scans white patchy areas are seen showing

patchy involvement of spinal cord.3

MRI scan can also have its own significance as an

incidental finding Vitamin B12 status may be investigated

for and early recognition leads to early intervention and

initiation of treatment, which may improve symptoms.MRI

Cranial findings are brain atrophy with signs of retarded

myelination frontal and temporal lobes being most

affected.15 In subacute combined degeneration of spinal

cord MRI of cervical spine shows hyper intensity of areas

C2-C5 with typical symmetrical T2 high Signal changes

affecting mostly posterior column, sometimes lateral

column due to expansion of the spinal cord. Sometimes

these are known as long tape lesions However an unusual

case of anterior as well as posterior column involvement on

cervical MRI Scan has been reported.16 Rarely pyramidal,

spinocerebellar tracts and cerebellum are also affected.17

MRI scan has its own diagnostic value when symmetrical

neurological findings are present. Nerve conduction studies

show abnormal peroneal and sural nerve conduction and

Tibial somatosensory evoked potential may show

abnormality. Visual evoked potentials have been found to be

abnormal18 but mostly don't clinically become apparent

showing that B12 tissue damage manifests at later stages of

vitamin B12 deficiency.

What tests are available?

Unfortunately only primary tests are widely

available such as routinely performed complete blood

picture and serum B12 levels. Blood smear and reticulocyte

count are also included in primary screening evaluation.

The tests lack sensitivity as the B12 levels depletion as well

as Macrocytic anaemic picture may take years to develop

despite the risk being there .Also the cut off levels for

different laboratories are different. Studies have shown that

the higher the cut off values used such as  higher than 200

picograms/ml, the more percentage of people having this

deficiency are actually diagnosed. The serum B12 levels are

generally divided into 3 categories:19

Likely vitamin B12 deficiency <148picomole/L(200 Pico grams/ml)

Possible vitamin B12 deficiency 148-258 picomoles/L (201-350 Pico grams/ml)

Unlikely vitamin B12 deficiency >258 picomoles/L(350 Pico grams/ml)

Whenever the gray zone of 148-258 picomole/L is

present, other specific tests of MMA (methyl malonic acid)

or holo tc should be considered for purpose of secondary

screening.

Serum B12 deficiency can occur without Macrocytic

anaemia and blood changes as patients with neurological

deficits due to vitamin B12 deficiency have absent

haemotogical features.

If there are blood changes B12 Haemoglobin may or

may not be decreased, Mcv may or may not  be raised and

if raised, it indicates further evaluation  of vitamin B12

deficiency. It may rise even before fall in haemoglobin

levels but its absence does not rule out B12 deficiency and

it is not a specific marker as using it solely would miss 84

percent cases. Its normal range is 80-96 fl.20 MCV can be
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Figure-1: Suggested approach of investigating vitamin B12 deficiency:



within normal range despite B12 deficiency specially with

concomitant iron deficiency, drugs like Hydroxyurea for

example and there may be normocytic anaemia or even

microcytic anaemia in some cases: 

80-100 fl: 25 percent probability of successful diagnosis

115-129 fl: 50 percent probability of successful diagnosis

Above 130 fl: 100 percent probability.19

LDH Levels may be raised and there may be

hyperchlorhydria.

On Blood smear following changes indicate pernicious

anaemia:

Anisocytosis, basal stippling, poikilocytosis,

abnormal platelets, hyper-segmented neutrophils,

thrombocytopenia and presence of Howell jolly bodies.

Other causes of Macrocytic anaemia are alcohol abuse,

certain inherited disorders, drugs that affect DNA, such as

chemotherapy drugs, leukaemia, Myelodysplastic

syndrome, and myelofibrosis.21

Discussion

There are various tests that maybe used for purpose

of screening such as serum B12, holo tc, homocystein,

serum or urine Methylmalonic acid (MMA) but out of them

none is a gold standard and all have certain advantages, and

disadvantages. Some have disputed and varied reference

range and are not very specific. Some are highly specific but

coexistent medical conditions can limit their use.

Serum B12 is the primary test routinely used which

can give inaccurate results in high folate levels, and vitamin

C intake.22 In cases of low Folate levels, Oral

contraceptives, pregnancy, multiple myeloma,

transcobalamin 1 deficiency, Aplastic anaemia, hairy cell

leukaemia, Waldenstorms macroglobinaemia and despite

showing vitamin B12 deficiency may be presumed not to be

B12 deficient. Conversely false negatives showing normal

or high B12 levels despite coexistent cobalamin deficiency

are in cases of  recent cobalamin injections ,abnormalities of

transcobalamin transport, metabolism or increased levels of

transcobalamin, circulating antitranscobalamin antibody,

leukaemia's and myeloproliferative disorders,

hypereosinophilic syndrome and leukemoid reaction,

metastatic cancer and hepatocellular cancer, liver or renal

failure.23 Inherited conditions like Spastic paraplegia and

beta thalassemia have been found to mask vitamin B12

deficiency.24

MMA or Methylmalonic acid is a more specific test

being suggested as a gold standard but very seldom

performed though is widely available but usually reserved

for borderline cases, deteriorating neurological status or for

follow-up. B12 catalyzes conversion of methylmalonyl-

CoA to succinyl-CoA. Absence of B12 causes accumulation

of methylmalonyl-CoA and subsequent conversion to

Methylmalonic acid (MMA), resulting in elevated serum

MMA levels in B12 deficiency states.25 Specificity is 98

percent and can be false positive in case of deteriorating

renal status. Its use hasn't been much promoted despite its

wide use in research trials. Sometimes this fact may result

in missing vitamin B12 deficiency if a more specific test

such as the MMA is never done. Furthermore this may in

fact worsen prognosis and quality of life in such cases. So

can secondary screening be done where suspected by GPs

and neurologists? The best test would be urinary MMA

Levels which are elevated when vitamin B12 is low.

Possibly neurologists could screen vitamin B12 deficiency

but the problem is MMA is not a cost effective way of

screening and yet no agreed consensus exists on a single

screening method.

Another test is the active B12, more commonly

known as holo transcobalamin or the holoTC test.

This test though not as specific as the urinary methyl

malonic acid or MMA Test but is more superior to the serum

B12 assay. Serum B12 assay though widely used has the

disadvantage that it does not differentiate between the active

B12, which constitutes roughly 20 percent of B12 bound to

Transcobalamin 2 and the inactive form which is 80 percent.

Serum B12 detects all types of vitamin B12 giving

inaccurate results. It is estimated that this method used

alone may result in up to 50 percent misidagnosis26 whereas

the holo tc test is more specific only picking up the active

B12 which is subjected to tissue intake making it a more

valuable test. So it is apparent that both tests should be used

in conjunction for screening. It has been suggested that

where serum B12 levels fall in the gray zone of 148-258

picogram/L the secondary screening method must be

applied such as holo TC or serum/urinary MMA, which are

more modern markers. Advantages of this test besides being

an early B12 marker, are that it is a comparatively better

marker of long term status and does not show great

circadian variation. It can be done in non-fasting subjects

.Limitation of holo tc test is that it has been observed in

studies that it does not pick up vitamin B12 deficiency in

malabsorption of vitamin B12 such as pernicious anaemia

as absorption status seems to have an effect on

transcobalamin 2.27 Therefore parietal cell antibodies test

still has its role in diagnosing pernicious anaemia.

If all tests are compared to one another persons with

normal level of vitamin B12 may have raised MMA (>271

nmol/L) and lowered concentrations of holoTC (<35

pmol/L), owing to intracellular, metabolically manifest

(functional) vitamin B12 deficiency.25 By contrast, lowered

concentrations of B12 and normal MMA indicate a false
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positive finding and should be re-investigated. Holo tc

levels are decreased when B12 levels decrease signifying a

direct relationship between holo tc and B12. Holo tc levels

below 35pmole/litre are considered subnormal.28 Levels in

the range of 35-54 pmole/litre are considered borderline

low.29Any levels higher than this indicate that vitamin B12

deficiency is unlikely   unless there is renal insufficiency

determined by creatinine levels (Table-2).

Homocystein levels are also raised in vitamin B12

deficiency. Methyltetrahydrofolate and vitamin B12

(cobalamin) are required for remethylation of homocystein

(Hcy) to methionine, which is mediated by methionine

synthase and methionine synthase reductase.33 Therefore,

intracellular availability of vitamin B12 influences total

Hcy (tHcy) plasma concentrations. It is considered a risk

factor for cardiovascular disease. 

Homocystein levels are also a better indicator of

vitamin B12 deficiency as compared to serum B12 values as

blood index Mcv has been found to have a direct

relationship with Homocystein levels. Normal Homocystein

levels range from 2.2-13.2 micromoles/litre.34 Its only

disadvantage is that there is no specific test for it and unlike

MMA is elevated in many other conditions.35

Screening for Pernicious Anaemia:

Pernicious anaemia is an autoimmune disease as well

as end stage of Atrophic body gastritis that causes acquired

vitamin B12 deficiency. It is associated with many other

autoimmune diseases such as diabetes and autoimmune

thyroditis. There are two types of intrinsic auto antibodies

type 1 called as blocking and type 2 called as precipitant

antibodies.36 In addition to intrinsic factor and antiparietel

antibodies tests there are also serological markers such as

gastrin stimulation test and pepsinogen test {lowered

levels).37 With the Schillings test now becoming obsolete

newer tests such as  gastric IF output under 200 U/h post

pentagastrin stimulation (N > 2000 U/h) is specific for PA

rather than recently advocated raised serum gastrin levels

and antibodies used as diagnostic criteria which are rather

non-specific.38 Once vitamin B12 deficiency is detected on

treatment with parentral vitamin B12 injections does not

result in any improvement of symptoms or haematological

results then pernicious anaemia must be suspected. In

addition to vitamin B12 levels and complete blood picture,

auto antibodies against the gastric parietal cells antigen

H+/K+ ATPase and intrinsic factor,39 endoscopy for signs of

gastritis maybe performed to confirm the diagnosis .A

suggested approach is shown in Figure-2.

Approach to diagnosis of pernicious anaemia:

Other aspects of screening are screening of

individuals with inherited disorders. It has been

hypothesized that changes in holo-TC in response to a

supplemental dose of vitamin B-12 may be used to assess

vitamin B-12 absorption. Imurseland-Grasbeck syndrome is

a rare inherited autosomal disorder characterised by vitamin

B12 deficiency with selective absorption of B12 and

proteinurea is another cause of malabsorption. It results in

recurrent infections and failure to thrive mostly appearing at

childhood and results in megaloblastic anaemia as well as

neurological symptoms which can be screened for in

childhood.

Screening tests must also be used as follow up tools

such as in gastric bypass surgery. It is easier and more

efficient to treat vitamin B12 deficiency as other nutritional

deficiencies in the preoperative stage and can be prevented.
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Table-2:

Methylmalonic acid reference values

Normal serum MMA 0.07-0.27micromole/litre30

Laboratory cut off 0.396micromole/litre31

Urinary MMA 0.58-3.56micromole/mmole/litre Cr32

Figure-2: Reference from Current Concepts in the Diagnosis of Cobalamin

Deficiency, Neurology 1995; 45: 1435-1440).



Therefore, preoperative detection and correction are crucial.

In the postoperative period, blood tests should be conducted

every 3 months in the first year after operation, every six

months in the second year and annually thereafter.39

Key Points:

If either history or examination even apparently

minor symptoms such as tingling, pins and needles always

rule out vitamin B12 Deficiency first. Referral to a

neurologist may be indicated in such cases where severe

neurological deficit is present.

In cases of memory loss or neurological symptoms

of vitamin B12 deficiency should be ruled out.

Most cases of multiple sclerosis and dementia,

atrophic gastritis, Crohn's disease, Coeliac disease

,intestinal or gastric resection, certain drugs such as proton

pump inhibitors,H2receptor blockers, Metformin especially

long-term will mostly have poor vitamin B12 status and

treatment with vitamin B12 may benefit these patients.

Never forget to ask about dietary habits and intake of

folate, vitamin c and supplements as if serum B12 is low

and urine MMA or shillings test as appropriate may be

considered later.

Current Research Questions:

Vitamin B12 deficiency screening before and after

gastric bypass using urinary MMA?

Pregnant women especially vegan screened for

vitamin B12 deficiency and how useful B12 therapy can be

in these women?

If a screening programme was introduced to detect

individuals suffering from dementia in care homes what

outcomes would be expected?
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