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Vitamin B12 deficiency Overview

Summary
Vitamin B12 (cobalamin) deficiency classically presents with megaloblastic anemia, but can also present with
neurologic and neuropsychiatric complaints.

Older people, patients with chronic malabsorption, patients with a history of gastric resection or bypass, and
those taking certain medications (metformin, proton-pump inhibitors) are at risk.

Early diagnosis is critical in preventing and halting the progression of neurologic disorders such as peripheral
neuropathy, subacute combined degeneration of the spinal cord, and dementia.

Methylmalonic acid and homocysteine levels may help to diagnose vitamin B12 deficiency at an early,
asymptomatic state.

Cause of vitamin B12 deficiency should be searched for once a diagnosis is confirmed.

Treatment with high-dose oral vitamin B12 therapy may be as effective as intramuscular vitamin B12 therapy.

Definition
Vitamin B12 is an essential vitamin; deficiency generally occurs with inadequate absorption or lack of dietary
intake.

Vitamin B12 deficiency is a common condition that can manifest with neurologic, psychiatric, and
hematologic disorders. While severe deficiency can cause permanent neurologic damage, earlier
manifestations are generally subtle or asymptomatic.

The likelihood of vitamin B12 deficiency can be defined according to the serum vitamin B12 level as follows:
<200 picograms/mL indicates probable deficiency; 201 to 350 picograms/mL indicates possible deficiency;
and >350 picograms/mL indicates that deficiency is unlikely.[1] [2]

Vitamin B12 level >350 picograms/mL does not exclude vitamin B12 deficiency, particularly if pernicious
anemia is suspected. Spuriously normal or high serum vitamin B12 levels have been reported in patients with
pernicious anemia due to anti-intrinsic factor antibody (anti-IFAB) interference in laboratory assays.[3] [4] [5]
[6]
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Epidemiology
The Framingham Offspring Study found up to 39% of US adults at risk for vitamin B12 deficiency (defined as
serum vitamin B12 <350 picograms/mL).[10] Prevalence increases with advancing age, and ranges from 5%
to 35% in older people depending on the population studied and the methods of diagnosis.[11] [12] [13] [14]
[15] [16] [17]

In the US and the UK, the prevalence of vitamin B12 deficiency is approximately 6% in persons younger
than 60 years, and nearly 20% in those older than 60 years.[18] Marginal vitamin B12 levels are found in
approximately 20% of people in the US and UK.[19] Studies in other world regions including Scandinavia and
the Middle East have found evidence of low serum vitamin B12 (<200 picograms/mL) in 25% to 70% of the
studied population.[20] [21] [22] [23] [24]

The prevalence of vitamin B12 deficiency is expected to rise with the increasing popularity of veganism and
vegetarianism. The exact prevalence of deficiency among vegans and strict vegetarians is difficult to estimate
due to study method heterogeneity; however, it may range from as low as 11% to as high as 90% depending
on age.[25] [26]

Rising numbers of gastric bypass procedures have led to an increase in vitamin B12 deficiency. Roux-en-Y
gastric bypass surgery may cause deficiency in up to half of patients in the initial postoperative years due to
inadequate absorption.[27] [28]

Vitamin B12 deficiency may be seen in 20% to 30% of women during pregnancy, and is particularly common
if the woman is vegetarian or vegan.[11] [29] One systematic review found that levels of vitamin B12
decrease from the first to the third trimester.[30]

Etiology
Vitamin B12 is an essential vitamin obtained only from diet or by supplementation. Dietary sources include
animal and dairy products such as meat, poultry, milk, and eggs. Stores of vitamin B12 in the liver remain in
the body for years, so vitamin B12 deficiency depends on chronic, long-term deficiency.

Anything that decreases the intake or the absorption of vitamin B12 places people at risk of vitamin B12
deficiency. In general, etiologies of vitamin B12 deficiency can be categorized into:

• Decreased dietary intake
• Diminished gastric breakdown of vitamin B12 from food
• Malabsorption from the gastrointestinal tract.

Patients at high risk of vitamin B12 deficiency include:

• Vegans and strict vegetarians
• History of gastric or intestinal surgery
• History of atrophic gastritis
• Pernicious anemia, in which autoimmune destruction of the parietal cells (which produce intrinsic

factor) leads to reduced vitamin B12 absorption from the gastrointestinal tract
• Gastric malabsorption.

Medications that diminish the breakdown of vitamin B12 from food sources (e.g., H2 receptor antagonists
and proton-pump inhibitors) or decrease absorption of vitamin B12 (metformin) can also cause
deficiency.[31] [32]
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Any malabsorption syndrome can place the patient at risk for vitamin B12 deficiency, such as:

• Crohn disease
• Celiac disease
• Bacterial overgrowth syndromes.

Studies suggest a link between  Helicobacter pylori  infection and vitamin B12 deficiency.[33] [34] However,
it is unclear whether the organism, or associated atrophic gastritis, causes vitamin B12 deficiency.[35] There
does not appear to be an association between  H pylori  infection and vitamin B12 deficiency in pregnant
women.[36]

Anticonvulsant drugs (e.g., carbamazepine) have been associated with vitamin B12 deficiency.[37] [38]
The exact mechanism is unclear but might include interference with absorption, plasma binding, cellular
metabolism, and renal excretion.

Recreational nitrous oxide (N₂O) misuse, which is increasingly prevalent, has also been linked to vitamin B12
deficiency.[39] In one global systematic review and meta-analysis, up to 85% of reported recreational users
were possibly or probably vitamin B12-deficient.[40] N₂O converts the active monovalent form of vitamin B12
to its inactive bivalent form. The neurologic sequelae of N₂O-induced vitamin B12 deficiency can include
neuropathy and paralysis.[41]

Pathophysiology
Dietary sources of vitamin B12 (meat, poultry, dairy) are ingested and released from food by peptic
acid. Free vitamin B12 then binds to intrinsic factor (IF), which is secreted from the parietal cells of the
gastric fundus. The vitamin B12-IF complex travels to the small intestine, where endocytosis occurs in the
terminal ileum, by which process it is bound to transcobalamin. The transcobalamin-vitamin B12 complex
(holotranscobalamin) is then released into the serum for cell utilization. Any interference in this process can
place the patient at risk for vitamin B12 deficiency.
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Absorption of vitamin B12. Dietary B12 is released from food in the stomach and binds to R-protein (haptocorrin, this
complex is stable in the gastric acidic environment). The R-B12 complex then travels to the duodenum, where B12
binds to intrinsic factor (IF, secreted by gastric parietal cells and therefore lost in pernicious anemia). This B12-IF

complex is carried down the small intestine until the terminal ileum, where it attaches to IF receptors and is absorbed
into the bloodstream bound to transcobalamin. Over 95% of dietary B12 is absorbed through the IF pathway
Sukumar N et al. Investigating vitamin B12 deficiency. BMJ. 2019 May 10;365:l1865; used with permission
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Vitamin B12 deficiency Theory

Vitamin B12 is an essential cofactor in DNA synthesis and is closely related to folate metabolism.
Specifically, vitamin B12 is an important cofactor in two biochemical processes involving methylmalonic acid
and homocysteine as precursors. Deficiency of vitamin B12 impairs the conversion of methylmalonic acid
to succinyl co-A. Deficiency of vitamin B12 or folate impairs the conversion of homocysteine to methionine.
Methionine is critical in the production of S-adenosylmethionine, which is thought to be important in neural
function. Vitamin B12 and folate are thought to be integral in normal hematopoiesis and bone marrow
function.

Prolonged and severe deficiency in vitamin B12 can cause neurologic and hematologic disorders, and may
manifest with psychiatric symptoms.[42] [43]

Case history
Case history #1
A 68-year-old man presents for a routine physical exam and follow-up for his hypertension,
hyperlipidemia, and hypothyroidism. He complains of mild fatigue but is otherwise healthy. Laboratory
evaluation is remarkable for a hematocrit of 34, with an MCV of 110 fL. On further query, he denies
alcohol use and any other symptoms.

Other presentations
Patients with vitamin B12 deficiency may present with neurologic signs and symptoms (e.g., due to
subacute combined degeneration of the spinal cord [caused by upper motor neuron lesions] and/or
peripheral neuropathy [caused by lower motor neuron lesions]). Patients may have signs and symptoms
of upper and lower motor neuron lesions, such as dysesthesia/paresthesia, ataxia, muscle weakness, and
hyperreflexia. Reflexes may be increased, decreased, or absent depending on the location of the lesions.

Clinicians should consider testing for vitamin B12 deficiency in patients complaining of neurologic
symptoms, even if vague, as early treatment may prevent permanent neurologic damage. There may be
a role for testing for occult deficiency in patients with mild cognitive impairment or dementia, but more
research is needed to determine which vitamin B supplements are of benefit for these patients.[7] [8] [9]

Megaloblastic anemia with hypersegmented polymorphonucleated cells is a classic finding in vitamin B12
deficiency, but typically presents in the later stages of deficiency.
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Approach
Neurologic disease associated with vitamin B12 deficiency may be irreversible; therefore, early detection is
critical in preventing permanent neurologic damage.

Serum vitamin B12 is a standard initial diagnostic test.[1] Low serum vitamin B12 (generally <200 picograms/
mL) in the presence of specific clinical symptoms provides evidence of deficiency. Supplementary tests,
including markers of tissue deficiency (homocysteine, methylmalonic acid [MMA], and holotranscobalamin),
improve earlier diagnosis, and may be considered.

Optimal use of serum vitamin B12 and tissue markers is undefined, but general guidance will help the
clinician to determine whether a patient has true vitamin B12 deficiency.

At-risk groups
The clinician should take certain risk factors into account when considering who should be tested for
vitamin B12 deficiency.

Advancing age increases risk.[11] [12] [13] [14] [15] [16] Older patients who present with clinical features
of deficiency may have vitamin B12 levels within the reference range; further testing may be warranted.[1]
[64]

Chronic use of certain medications (specifically metformin, H2 receptor antagonists, proton-pump
inhibitors, and anticonvulsants) can also place a patient at risk of deficiency.[31] [32] [37][38] [49] [51] [53]

Recreational nitrous oxide (N₂O) misuse may increase the risk of vitamin B12 deficiency.[39] [40]

Patients with chronic gastrointestinal (GI) illnesses that can cause malabsorption or inadequate
absorption, including Crohn disease and celiac disease, and those with a history of upper GI surgery,
including gastrectomy, gastric bypass, or ileectomy, should be tested for vitamin B12 deficiency.[27] [45]
[46] [47]

Vegans or strict vegetarians who do not take additional dietary supplementation are at risk of developing
vitamin B12 deficiency.[26] [48]

Vitamin B12 deficiency may be seen in 20% to 30% of women during pregnancy, and is particularly
common if the woman is vegetarian or vegan.[11] [29]

Symptoms and signs
Patients with unexplained neurologic disease (specifically, decreased vibration sense, gait abnormalities,
and peripheral neuropathies) should be tested for vitamin B12 deficiency. Neuropsychiatric complaints
such as depression and dementia may alert the clinician to an occult vitamin B12 deficiency.[11]

Late signs of vitamin B12 deficiency include angular cheilitis, glossitis of the tongue, and signs of frank
anemia and thrombocytopenia.

Initial diagnostic testing
Serum vitamin B12 remains a useful initial diagnostic test due to its widespread availability and familiarity.
However, caution must be used when interpreting the values, as there are no well-defined cut-offs for
deficiency.[65]
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Vitamin B12 deficiency Diagnosis

The likelihood of vitamin B12 deficiency can be defined according to the serum vitamin B12 level as
follows:[1] [2]

• Probable vitamin B12 deficiency: <200 picograms/mL
• Possible vitamin B12 deficiency: 201 to 350 picograms/mL
• Unlikely vitamin B12 deficiency: >350 picograms/mL.

Vitamin B12 level >350 picograms/mL does not exclude vitamin B12 deficiency, particularly if pernicious
anemia is suspected. Spuriously normal or high serum vitamin B12 levels have been reported in patients
with pernicious anemia due to anti-intrinsic factor antibody (anti-IFAB) interference in laboratory assays.[3]
[4] [5] [6]

A complete blood count with peripheral smear is useful to determine whether there is evidence of
macrocytosis and frank anemia, leukopenia, or thrombocytopenia. This suggests a more severe and
prolonged vitamin B12 deficiency. However, normal mean corpuscular volume (MCV), hemoglobin, and
hematocrit are not useful to rule out vitamin B12 deficiency, as many patients with vitamin B12 deficiency
may have normal hematologic parameters.

A peripheral smear may show the classic hypersegmented polymorphonucleated cells and megalocytes
found in severe vitamin B12 deficiency with associated macrocytic anemia, but is not sensitive to early
vitamin B12 deficiency.

In the era of folic acid fortification, concomitant folate deficiency is rare. In parts of the world where
nutritional deficiencies are common, testing for concomitant folic acid deficiency and treatment can help
clarify whether true vitamin B12 deficiency coexists.

A reticulocyte count may also be considered to differentiate B12 deficiency from hemolytic anemia.
Vitamin B12 deficiency is associated with a low reticulocyte index, whereas hemolytic anemia is
associated with a high reticulocyte index.

Clinical assessment of deficiency severity
The severity of the deficiency can be graded clinically as follows:

• Mild to moderate hematologic manifestations: usually asymptomatic with normal hematocrit and an
MCV that is at the upper limit of the normal range or mildly elevated.

• Severe neurologic manifestations: subacute combined spinal degeneration, dementia, or cognitive
impairment. Subacute combined spinal degeneration is progressive neurologic degeneration of the
posterior and lateral columns of the spinal cord; patients present with ataxia, decreased vibration
sense, muscle weakness, and hyperreflexia.

• Severe hematological manifestations: pancytopenia and marked symptomatic anemia.

Confirmatory diagnostic testing: serum vitamin B12 <200
picograms/mL
Confirmatory diagnosis is generally unnecessary and empiric treatment should begin. Clinical and
serologic response in follow-up confirms vitamin B12 deficiency.[1] [2]

Confirmatory diagnostic testing: serum vitamin B12 201 to 350
picograms/mL
Methylmalonic acid (MMA) can be very sensitive for vitamin B12 deficiency but falsely high levels can
occur in renal disease.[1] Additionally, an abnormal MMA level is undefined. Patients with serum vitamin
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B12 201 to 350 picograms/mL together with an elevated MMA can be considered to have probable
vitamin B12 deficiency. Diagnosis is confirmed if vitamin levels normalize and serum vitamin B12 rises
with adequate vitamin B12 treatment.

MMA

Can be elevated (i.e., >0.4 micromol/L) with folate deficiency. Elevated MMA may be spurious and
requires subsequent follow-up to determine whether MMA normalizes with adequate treatment. Results
should be interpreted with caution in those with renal disease as this can elevate MMA levels.[1]

Homocysteine

Can be elevated (i.e., >15 micromol/L [>2.03 mg/dL]) with folate deficiency, hypothyroidism, and vitamin
B12 deficiency.[1] Patients with elevated homocysteine related to vitamin B12 deficiency (when folate
deficiency and hypothyroidism are ruled out) should have normalization with empiric vitamin B12
treatment.

Holotranscobalamin (hTC)

This is transcobalamin bound to vitamin B12, and can be a measure of the true functional serum vitamin
B12 levels. Several studies have reported greater diagnostic accuracy with the hTC assay than with other
assays measuring markers of vitamin B12 deficiency.[66] hTC may be the first marker to be detected with
vitamin B12 deficiency. Levels of hTC <35 picograms/L can be consistent with vitamin B12 deficiency.[1]
[67] [68] [69]

Confirmatory diagnostic testing: serum vitamin B12 >350
picograms/mL
Patients with pernicious anemia may have spuriously normal or high serum vitamin B12 levels.[3] [4] [5]
[6]

If pernicious anemia is suspected in patients with normal or high serum vitamin B12 levels (>350
picograms/mL), further testing for MMA, homocysteine, and hTC should be carried out to determine if
vitamin B12 deficiency is present.[1]

Determining the underlying cause of vitamin B12 deficiency
Once the diagnosis of vitamin B12 deficiency is established, an etiology should be sought. While
treatment remains the same, vitamin B12 deficiency can lead the astute clinician to discover an
underlying malabsorption process such as celiac disease or Crohn disease.

Pernicious anemia can be determined by testing for the following:

• Anti-IFAB: only 50% sensitive, but highly specific for pernicious anemia.[2] Testing for anti-IFAB
should be done before initiating vitamin B12 replacement therapy because high vitamin B12 levels
may lead to false positive results.[70] [71]

• Antiparietal cell (APC) antibody: highly sensitive (85%), but has low specificity for pernicious
anemia because APC antibodies may be elevated in atrophic gastritis.[2]

• Fasting serum gastrin levels rise in gastric achlorhydria and can signify pernicious anemia.[72]
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Vitamin B12 deficiency Diagnosis

History and exam
Key diagnostic factors
old age (common)
• Older patients have been shown to have increased prevalence of vitamin B12 deficiency.[11] [12] [13]

[14] [15] [16]
• This is likely the result of dietary deficiency, decline in gastric function causing malabsorption, and an

increased incidence of pernicious anemia.[11]

history of gastric surgery (gastrectomy, or bypass for obesity) (common)
• Patients with gastric bypass or gastrectomy have higher incidence of vitamin B12 deficiency due to

malabsorption (from lack of intrinsic factor).[27] [45]
• Routine testing for vitamin B12 deficiency is recommended for all patients following gastric surgery.[74]

Other diagnostic factors
paresthesias (common)
• May be an early and subtle symptom of neurologic damage.[18]

vegan and strict vegetarian diet (uncommon)
• Strict vegetarians and especially vegans are at high risk of vitamin B12 deficiency without multivitamin

supplementation.[26] [48]

chronic gastrointestinal disease (e.g., Crohn disease or celiac disease)
(uncommon)
• Conditions that cause malabsorption increase the risk of vitamin B12 deficiency.[46] [47]

medication (proton-pump inhibitors, H2 receptor antagonists, metformin,
anticonvulsants) (uncommon)
• May be at higher risk by decreasing breakdown of vitamin B12 from food (proton-pump inhibitors and

H2 receptor antagonists) or interference with absorption (metformin and anticonvulsants).[31] [32] [37]
[38] [49] [50] [51] [52]

ataxia (uncommon)
• Vitamin B12 deficiency can cause posterior column degeneration and eventually lead to ataxic

gait.[75]

decreased vibration sense (uncommon)
• Classic sign for posterior column degeneration.

positive Romberg test (uncommon)
• Classic sign for posterior column degeneration.

pallor (uncommon)
• Generally late sign of vitamin B12 deficiency.
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petechiae (uncommon)
• Generally late sign of vitamin B12 deficiency.

glossitis (uncommon)
• Generally late sign of vitamin B12 deficiency.[18]

angular cheilitis (uncommon)
• Patients with angular cheilitis should be tested for vitamin B12 deficiency.

cognitive impairment (uncommon)
• In patients with dementia or cognitive impairment, vitamin B12 deficiency should be excluded as a

cause.[18] [76]

Risk factors
Strong
age >65 years
• Prevalence increases with advancing age, and ranges from 5% to 35% in older people depending on

the population studied and the methods of diagnosis.[11] [12] [13] [14] [15] [16] [17]
• Risk of vitamin B12 deficiency in this population is likely the result of dietary deficiency, decline in

gastric function causing malabsorption, and an increased incidence of pernicious anemia.[11]

gastric surgery (bypass or resection)
• In one systematic review, vitamin B12 deficiency was found in 6.5% of patients 12 months after Roux-

en-Y gastric bypass surgery compared with only 2.3% of patients prior to surgery.[27] A retrospective
study reported deficiency in 12% of patients prior to Roux-en-Y gastric bypass, which increased to
19% in 1 year after surgery and 29% in 3 years.[44]

• Parietal cells of the stomach produce intrinsic factor, which binds to free vitamin B12 and promotes
absorption in the terminal ileum. Those who have had gastric surgery or bypass are at high risk of
vitamin B12 deficiency due to inadequate absorption.[27] [45] 

chronic gastrointestinal (GI) disease
• Chronic GI illnesses (e.g., Crohn disease and celiac disease) can cause malabsorption or inadequate

absorption of vitamin B12.
• Vitamin B12 absorption occurs in the terminal ileum; therefore, those with terminal ileum disease are

at high risk of vitamin B12 deficiency.[46] In one study, evidence of vitamin B12 deficiency was found
in over 50% of patients with Crohn disease who had >20 cm of terminal ileum removed.[47]

vegan or strict vegetarian diet
• The exact prevalence of deficiency among vegans and strict vegetarians (who do not take additional

dietary supplementation) is difficult to estimate due to study method heterogeneity; however, it may
range from as low as 11% to as high as 90% depending on age.[25] [26]

• One randomized study found that a 4-week vegan diet led to a significant decrease in serum vitamin
B12 levels (362 nanograms/dL to 296 nanograms/dL).[48]
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metformin use
• Chronic metformin use has been shown to cause low serum vitamin B12 levels and to place patients

at risk of vitamin B12 deficiency.[32] [49] [50] [51]
• In one randomized controlled trial of patients with type 2 diabetes, the absolute risk of vitamin B12

deficiency was 7.2% higher in patients treated long-term (4.3 years) with insulin and metformin than in
patients receiving insulin and placebo (number needed to harm of 13.8).[52]

• The mechanism is unclear but may be related to malabsorption.

H2 receptor antagonist or proton-pump inhibitor use
• Vitamin B12 bound to food must be freed by peptic acid (secreted from the stomach). Therefore, those

who are taking chronic H2 receptor antagonists or proton-pump inhibitors may be at risk for vitamin
B12 deficiency.[31]

• One large case-control study found that more than 2 years' use of proton-pump inhibitors or H2
receptor antagonists increased the risk of vitamin B12 deficiency.[53]

Weak
Helicobacter pylori infection
• Studies suggest a link between  H pylori  infection and vitamin B12 deficiency.[33] [34] However, it is

unclear whether the organism, or associated atrophic gastritis, causes vitamin B12 deficiency.[35]
• There does not appear to be an association between  H pylori  infection and B12 deficiency in

pregnant women.[36]

anticonvulsant use
• Carbamazepine and other anticonvulsants are associated with vitamin B12 deficiency.[37] [38] The

exact mechanism is unclear but might include interference with absorption, plasma binding, cellular
metabolism, and renal excretion.  

nitrous oxide misuse
• Recreational nitrous oxide (N₂O) misuse may increase the risk of vitamin B12 deficiency.[39] [39]
• In one global systematic review and meta-analysis, up to 85% of reported recreational users were

possibly or probably vitamin B12-deficient.[40]
• N₂O converts the active monovalent form of vitamin B12 to its inactive bivalent form. The neurologic

sequelae of N₂O-induced vitamin B12 deficiency can include neuropathy and paralysis.[41]

diabetes mellitus
• One study reported vitamin B12 deficiency in 22% of people with type 2 diabetes.[54] Vitamin B12

deficiency may be easily overlooked as a cause of neuropathy in people with type 2 diabetes.[54]
• Older patients with diabetes taking metformin may be at greater risk for vitamin B12 deficiency (as

metformin can cause vitamin B12 deficiency).[55]

pregnancy
• Vitamin B12 deficiency may be seen in 20% to 30% of women during pregnancy, and is particularly

common if the woman is vegetarian or vegan.[11] [29]
• One systematic review found that levels of vitamin B12 decrease from the first to the third

trimester.[30] 
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• Vitamin B12 deficiency in pregnancy may be associated with an increased risk for preterm delivery,
lower birth weight, and lower infant levels of vitamin B12.[56] [57]

Tests
1st test to order

Test Result
CBC

• To determine baseline hematocrit, hemoglobin, and MCV.
• Useful for diagnosing severe and prolonged vitamin B12 deficiency,

but not useful for diagnosing early vitamin B12 deficiency.
• Not useful to rule out vitamin B12 deficiency; many patients with

documented vitamin B12 deficiency may have normal hematologic
parameters.[77]

elevated MCV, low
hematocrit

peripheral blood smear
• Classic hypersegmented polymorphonucleated cells and

megalocytes are seen in severe vitamin B12 deficiency, causing
megaloblastic anemia.

• Megalocytes are red blood cell precursors whose numbers increase
due to the importance of vitamin B12 to hematopoiesis.

• Can be normal in early deficiency.

megalocytes,
hypersegmented
polymorphonucleated
cells

serum vitamin B12
• Serum vitamin B12 <200 picograms/mL indicates probable vitamin

B12 deficiency. Confirmatory diagnosis is generally unnecessary and
empiric treatment should begin.[1] [2]

• Additional testing should be done to rule out possible vitamin B12
deficiency (201-350 picograms/mL).

• Patients with serum vitamin B12 >350 picograms/mL are unlikely
to have vitamin B12 deficiency. However, vitamin B12 level >350
picograms/mL does not exclude vitamin B12 deficiency, particularly
if pernicious anemia is suspected. Spuriously normal or high
serum vitamin B12 levels have been reported in patients with
pernicious anemia due to anti-intrinsic factor antibody interference
in laboratory assays.[3] [4] [5] [6] Further testing for methylmalonic
acid, homocysteine, and holotranscobalamin should be carried out to
determine if vitamin B12 deficiency is present.

• Optimal serum vitamin B12 levels for hematologic and neurologic
function are still undetermined.

<200 picograms/mL
(probable deficiency);
201-350 picograms/mL
(possible deficiency);
>350 picograms/mL
(unlikely deficiency,
but does not rule out a
diagnosis, particularly
if pernicious anemia is
suspected)

reticulocyte count
• Used to differentiate B12 deficiency from hemolytic anemia.
• Low reticulocyte index indicates decreased production, unlike in

hemolytic anemia, in which reticulocyte index would be increased.

low corrected reticulocyte
index
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Other tests to consider

Test Result
methylmalonic acid (MMA)

• A marker of vitamin B12 tissue deficiency.
• Caution in renal disease, as elevated MMA levels occur.[1]
• Elevated MMA may be spurious and requires subsequent follow-up to

determine whether MMA normalizes with adequate treatment.

elevated (>0.4 micromol/L,
but may be lab-specific)

homocysteine
• A marker of vitamin B12 tissue deficiency.
• Not as specific as methylmalonic acid (MMA) for vitamin B12

deficiency.[1] Also elevated in folate deficiency and hypothyroidism.

elevated (>15 micromol/L
[>2.03 mg/dL], but may be
lab-specific)

holotranscobalamin (hTC)
• A marker of vitamin B12 tissue deficiency.
• Measures vitamin B12 bound to transcobalamin. Low levels along

with low normal serum vitamin B12 suggest inadequate absorption.
• Several studies have reported greater diagnostic accuracy with the

hTC assay than with other assays measuring markers of vitamin B12
deficiency.[66]

<35 picograms/L is
diagnostic

anti-intrinsic factor antibody (anti-IFAB)
• Once vitamin B12 deficiency is confirmed, testing for anti-IFAB

can determine whether pernicious anemia is the cause. Only 50%
sensitive, but highly specific for pernicious anemia.[2]

• Testing for anti-IFAB should be done before initiating vitamin B12
replacement therapy because high vitamin B12 levels may lead to
false positive results.[70] [71]

positive if pernicious
anemia is the cause

antiparietal cell (APC) antibody
• Once vitamin B12 deficiency is confirmed, APC antibody can, in

conjunction with other tests, help to determine whether pernicious
anemia (PA) is the cause.

• Highly sensitive (85%), but has low specificity for PA because APC
antibodies may be elevated in atrophic gastritis.[2]

positive result may
suggest PA; positive
result is not sufficient for
diagnosis of PA because
APC antibodies may
be elevated in atrophic
gastritis

serum gastrin (fasting)
• Gastrin levels rise in gastric achlorhydria and can signify pernicious

anemia.[72]

elevated if pernicious
anemia is the cause
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Differentials

Condition Differentiating signs /
symptoms

Differentiating tests

Folic acid (vitamin B9)
deficiency

• Generally does not present
with neurologic symptoms.
Rare in the present era of
folic acid fortification in the
US.

• Serum folate levels are low.
• Be aware that low serum

folate can result in falsely
low vitamin B12 levels.

• Treat with folic acid and
retest.

Myelodysplastic
syndrome (MDS)

• Presents with macrocytic
anemia and is difficult to
differentiate from vitamin
B12 deficiency initially.

• MDS is a group of disorders
characterized by a clonal
chromosomal abnormality,
ineffective and dysplastic
hematopoiesis resulting in
≥1 cytopenias, and a varying
predilection to develop acute
myeloid leukemia.

• These disorders can arise
primarily without any
precipitating event or may be
related to previous treatment
with either chemotherapy or
radiation.

• CBC in MDS shows
normochromic or
macrocytic red cells; about
40% of patients have
neutropenia, and >30%
have thrombocytopenia.
Morphologic abnormalities
include oval macrocytic red
cells and granulocytes with
the pseudo-Pelger-Huet
anomaly (hypogranular and
hypolobulated granulocytes).

• Bone marrow histopathology
in MDS demonstrates
dysplasia in a proportion of
undifferentiated myeloblasts.

• Prussian blue iron staining
of bone marrow aspirate can
show ringed sideroblasts
(abnormal erythroid
precursor cells that have
granules around the
nucleus).

Alcoholic liver disease • May present with macrocytic
anemia and nutritional
deficiencies. History should
reveal alcohol use.

• Elevated liver enzymes.
• Liver biopsy histopathology

shows fatty change,
inflammation, and variable
amounts of fibrosis leading
to cirrhosis in severe, chronic
alcoholic liver disease.

Hypothyroidism • May present with macrocytic
anemia.

• May show signs of muscle
and joint pain, weakness in
the extremities, and fatigue;
delayed relaxation of deep
tendon reflexes strongly
suggests hypothyroidism.

• Elevated thyroid-stimulating
hormone, decreased T3 and
T4, and elevated creatine
kinase.

Peripheral neuropathy • Compression neuropathies,
and neuropathies due
to diabetes or thyroid
disease, may be difficult to

• Nerve conduction studies
and electromyogram are
helpful in confirming and
characterizing neuropathy;
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Vitamin B12 deficiency Diagnosis

Condition Differentiating signs /
symptoms

Differentiating tests

differentiate from neurologic
symptoms of vitamin B12
deficiency.

that is, demyelinating,
axonal, polyneuropathy,
mononeuropathy multiplex,
radiculopathy, or plexopathy.

• Treatment with vitamin B12
may improve symptoms,
but neuropathy may be
irreversible.

Diabetic neuropathy • Paresthesia is a common
feature and may occur in
the extremities as a result
of neuropathy in those with
prolonged undiagnosed
diabetes. Other types of
neuropathy may be present
in diabetes, including
autonomic neuropathy.

• Elevated fasting glucose or
HbA1c.

• Antiglutamic acid
decarboxylase antibodies,
islet cell antibodies, and
insulin autoantibodies are
present in 85% of patients
with type 1 diabetes at the
time of diagnosis, but may
disappear within a few years.

Drug-induced
macrocytosis

• Macrocytosis due to certain
medications, including
hydroxyurea, methotrexate,
zidovudine, azathioprine,
capecitabine, and cladribine.

• Usually a clinical diagnosis.
Serum drug levels may
confirm the association.

Dementia • Characterized by cognitive
(memory) changes,
psychiatric symptoms,
personality changes,
problem behaviors, and
changes in day-to-day
functioning.

• May be due to multiple
different factors that are
clinically indistinguishable
from vitamin B12 deficiency.

• A mental state exam or
neuropsychiatric testing
should be conducted if the
diagnosis is uncertain.

• Vitamin B12 testing is
normal.

Depression • Characterized by persistent
low mood causing varying
levels of social, cognitive,
occupational, and physical
dysfunction.[78]

• Vitamin B12 testing is
normal.

Pernicious anemia (PA) • Patients present with
symptoms of anemia and
vitamin B12 deficiency. They
may also have fever and
complain of gastric pain
or discomfort. Common
features include tiredness,
dyspnea, paresthesias, sore
red tongue, diarrhea, and
mild jaundice.

• Once vitamin B12 deficiency
is confirmed, testing for anti-
intrinsic factor antibody (anti-
IFAB) can determine whether
PA is the cause. It is only
50% sensitive, but highly
specific for PA.[2] Testing for
anti-IFAB should be done
before initiating vitamin
B12 replacement therapy
because high vitamin B12
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Condition Differentiating signs /
symptoms

Differentiating tests

levels may lead to false
positive results.[70] [71]

• Antiparietal cell (APC)
antibody can, in conjunction
with other tests, help to
determine whether PA is the
cause. It is highly sensitive
(85%), but has low specificity
for PA. APC antibodies
may be elevated in atrophic
gastritis.[2]

• Once a patient is given
intrinsic factor and vitamin
B12 level is normal, gastrin
levels will normalize.

Crohn disease • Crohn disease can
affect any part of the
gastrointestinal tract, and
symptoms may be extremely
variable.

• Increased risk for B12
deficiency occurs with
ileectomy >20 cm.[47]

• The classic findings on
histologic exam include
involvement of all layers
of the bowel wall by
granulomas, ulcerations,
and acute and chronic
inflammation.

Celiac disease • Patients present with
unexplained gastrointestinal
symptoms, chronic diarrhea,
unexplained iron deficiency
anemia, vitamin D deficiency,
or a skin rash consistent with
dermatitis herpetiformis.

• Other situations include
failure to thrive, short stature,
recurrent severe aphthous
stomatitis, recurrent
spontaneous abortion, and
infertility.

• Immunoglobulin A antigliadin
and antiendomysial
antibodies.

• Small-bowel histology is the
most specific and sensitive
test, showing villous atrophy
and mucosal inflammation
with hyperplastic changes to
crypts.

• Iron deficiency anemia is
the most common clinical
presentation in adults.

• Folate (and less commonly
vitamin B12) deficiency may
lead to macrocytic anemia.

Peptic ulcer disease
from Helicobacter pylori
infection

• H pylori  is a gram-negative,
microaerophile bacterium
that inhabits the stomach
and duodenum. It causes
a chronic low-level atrophic
gastritis and is strongly
linked to the development of
duodenal and gastric ulcers
and stomach cancer.

• Over 80% of people infected
with the bacterium are
asymptomatic.

• The carbon urea breath test
is positive.

• The most reliable method for
detecting  H pylori  infection
is endoscopic biopsy.
Histopathology shows gastric
atrophy, inflammation, and
bacterial organisms on
special stains.

Chronic pancreatitis • History of gallstone disease
or alcohol misuse.

• Ultrasound or CT imaging
of the abdomen may reveal
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Condition Differentiating signs /
symptoms

Differentiating tests

• Characterized by recurrent
or persistent abdominal pain
and progressive injury to the
pancreas and surrounding
structures, resulting in
scarring and loss of function.

fibrosis and calcification of
the pancreas.

• Evaluation of pancreatic
enzymes is the most
sensitive and specific test for
diagnosing mild to moderate
pancreatic insufficiency
or chronic pancreatitis,
but it is available in
only a few centers.
Pancreatic juice is collected
with a gastroduodenal
tube during exogenous
hormone stimulation with
cholecystokinin and/or
secretin.

• Helps differentiate pancreatic
from nonpancreatic types of
malabsorption.

Small-intestinal bacterial
overgrowth

• History may show conditions
that alter intestinal anatomy,
motility, and gastric acid
secretion. These include use
of proton-pump inhibitors
and anatomic disturbances
in the bowel, including
fistulae, diverticula, and blind
loops created after surgery.

• The definitive investigation
requires culture of jejunal
fluid that grows >10⁵
bacteria/mL.

• Hydrogen breath testing may
show malabsorption but is
not very sensitive or specific
for bacterial overgrowth.

• A trial of treatment with
antibiotics for 1 week may
give the diagnosis.

Zollinger-Ellison
syndrome

• A condition caused by a
gastrin-secreting tumor
that causes hypersecretion
of gastric acid leading
to ulcer disease. It most
commonly presents with
abdominal pain, diarrhea,
and gastroesophageal reflux.
Less common presentations
include weight loss,
gastrointestinal bleeding,
nausea, and vomiting.

• Elevated level of fasting
serum gastrin in the absence
of achlorhydria, and either
a positive secretion test or
histologically demonstrated
neuroendocrine tumor.

Tropical sprue • Believed to be initiated or
sustained by an undefined
infection.

• Presents with symptoms
and signs of malabsorption,
stomach pain, diarrhea, and
bloating.

• The relapse rate is
substantial in treated
patients who remain in, or

• Endoscopy and small bowel
biopsy reveals progressive
villus atrophy in the small
intestine similar to celiac
disease.

• Therapeutic trial with
tetracyclines for 6 months
normalizes mucosal
structure in the small
intestine.
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Condition Differentiating signs /
symptoms

Differentiating tests

return to, endemic areas in
the tropics.

Fish tapeworm
(Diphyllobothrium latum)

• Fish tapeworm is native
to Scandinavia, western
Russia, and the Baltic
states. Now present in North
America, especially the
Pacific Northwest.

• Infection arises following
eating raw fish or fish
products.

• Patients present with
symptoms of malnutrition
including anemia.

• Fish tapeworm eggs appear
in the feces 5 to 6 weeks
after infection, and fecal
exam may confirm the
diagnosis.

HIV infection • Malnutrition is common in
HIV disease, particularly in
resource-poor areas. A cycle
of opportunistic infection
causing loss of weight and
poor appetite, together with
diarrhea and malabsorption,
contributes to malnutrition.

• Enzyme-linked
immunosorbent assay
(ELISA) testing should
be ordered when HIV
testing is indicated. False-
negatives may occur during
window period immediately
after infection and before
antibodies to HIV have
developed. A positive result
should be confirmed with
a Western blot or second
ELISA. The window period
can be reduced to 2-4 weeks
by using fourth-generation
tests that detect IgM and
IgG antibodies to HIV and
p24 antigen.[79]  [CDC: HIV
- laboratory tests] (https://
www.cdc.gov/hiv/testing/
laboratorytests.html)

Alpha-thalassemia • An inherited autosomal
recessive blood disease.

• Vitamin B12 requirement
is increased in alpha-
thalassemia; vitamin B12
deficiency may be the
presenting feature. Patients
present with anemia,
hepatosplenomegaly, leg
ulcers, and bone pain. This
disease is more common
in Mediterranean countries,
Asia, the Middle East, and
South America.

• CBC and peripheral
smear show microcytosis,
erythrocytosis, hypochromia,
and mild anemia.

• A diagnosis can be made
by a combination of family
studies and the ruling out of
both iron deficiency anemia
and beta-thalassemia trait.

• A definitive diagnosis can be
made by DNA sequencing of
the alpha-globin chain.

Multiple sclerosis • Neurologic manifestations of
vitamin B12 deficiency can
mimic clinical symptoms of

• Brain MRI typically shows
areas of demyelination.
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Condition Differentiating signs /
symptoms

Differentiating tests

multiple sclerosis. However,
in almost all cases of
multiple sclerosis there are
also brain lesions.

• Variable presentation:
multiple episodes separated
by space (i.e., neurologic
symptoms result from
lesions in different central
nervous system sites) and
time. Symptoms include
progressive limb weakness,
gait difficulty, ataxia, loss of
balance, and paroxysmal
vertigo.

• Cerebrospinal fluid (CSF)
exam shows elevated IgG
and oligoclonal banding.

Syphilis (tabes dorsalis) • History of syphilis infection
or sexually transmitted
infection.

• Neurologic symptoms
of tabes dorsalis and
subacute combined spinal
degeneration may be similar.

• The Venereal Disease
Research Laboratory
(VDRL) reaction test alone
cannot always be depended
on in differential diagnosis.

• CSF exam is required to
diagnose neurosyphilis.

• CSF VDRL reactivity test is
specific but not sensitive for
neurosyphilis.

• CSF fluorescent treponemal
antibody absorption
reactivity test is sensitive but
not specific for neurosyphilis.

Criteria
Serum vitamin B12 levels
The likelihood of vitamin B12 deficiency can be defined according to the serum vitamin B12 level as
follows:[1] [2]

• Probable vitamin B12 deficiency: <200 picograms/mL
• Possible vitamin B12 deficiency: 201 to 350 picograms/mL
• Unlikely vitamin B12 deficiency: >350 picograms/mL.

Vitamin B12 level >350 picograms/mL does not exclude vitamin B12 deficiency, particularly if pernicious
anemia is suspected. Spuriously normal or high serum vitamin B12 levels have been reported in patients with
pernicious anemia due to anti-intrinsic factor antibody (anti-IFAB) interference in laboratory assays.[3] [4] [5]
[6]

Screening
Screening is controversial, but clinicians should take certain risk factors into account when considering
testing for vitamin B12 deficiency.

D
IAG

N
O

S
IS

This PDF of the BMJ Best Practice topic is based on the web version that was last updated: Aug 22, 2023.
BMJ Best Practice topics are regularly updated and the most recent version of the topics
can be found on bestpractice.bmj.com . Use of this content is subject to our disclaimer (.

Use of this content is subject to our) . © BMJ Publishing Group Ltd 2025. All rights reserved.

21

https://bestpractice.bmj.com


Vitamin B12 deficiency Diagnosis
D

IA
G

N
O

S
IS

• Advancing age: increased risk for vitamin B12 deficiency.[11] [12] [13] [14] [15] [16]
• Chronic use of certain medications: metformin, proton-pump inhibitors, and anticonvulsants can place

a patient at risk of deficiency.[31] [32] [37] [38] [49] [50] [51] [52]
• Malnutrition and vegan or strict vegetarian diet: increased risk of vitamin deficiency, and serum vitamin

level monitoring may be offered.[26] [48]
• Chronic gastrointestinal illness: can cause malabsorption or inadequate absorption (e.g., Crohn

disease, celiac disease).[46] [47]
• Gastric surgery (bypass or resection): high risk of vitamin B12 deficiency due to inadequate

absorption.[27] [45] Patients who have undergone gastric surgery or terminal ileectomy should be
screened regularly for deficiency.[27] [45] [46] [47] [74]

• Diabetic polyneuropathy (DPN), or worsening DPN: may be at increased risk for concomitant vitamin
B12 deficiency.[80]

• Peripheral neuropathy (idiopathic): patients may be at increased risk for concomitant vitamin B12
deficiency.[7]

A two to threefold excess risk of gastric cancer has been noted in patients with pernicious anemia, and
endoscopic follow-up may be required in these patients.[81]
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Approach
Patients with severe hematologic or neurologic symptoms of vitamin B12 deficiency require immediate
treatment with an intensive regimen of cyanocobalamin or hydroxocobalamin over 1 month, followed by
ongoing maintenance doses.

Patients with mild to moderate symptoms of vitamin B12 deficiency should be started and continue on
maintenance-level doses of cyanocobalamin or hydroxocobalamin.

Asymptomatic patients with a high risk of vitamin B12 deficiency (e.g., vegans and strict vegetarians,
older patients, those with chronic gastrointestinal [GI] illnesses) require maintenance-level doses of
cyanocobalamin or hydroxocobalamin (because hematologic and neurologic complications may be
irreversible once they develop).

If the cause of the vitamin B12 deficiency is not yet established, or if vitamin B12 deficiency is clinically
suspected despite normal or high serum vitamin B12 levels, treatment should be commenced while awaiting
results of further investigations (e.g., anti-intrinsic factor antibody testing).

Vitamin B12 therapy options
Options available include parenteral (intramuscular or subcutaneous), oral, sublingual, or intranasal
cyanocobalamin.

Parenteral cyanocobalamin or hydroxocobalamin

By far the most reliable and most familiar treatment for vitamin B12 deficiency, particularly for patients
with severe anemia and/or neurologic disease (subacute combined spinal degeneration, dementia,
or cognitive impairment).[42] In Europe, parenteral hydroxocobalamin is more commonly used than
parenteral cyanocobalamin. Hydroxocobalamin is retained longer in the body than cyanocobalamin, but
superiority to cyanocobalamin has not been established in clinical trials.

Oral cyanocobalamin

Preferred to intramuscular administration.[82] High-dose oral cyanocobalamin can be adequately
absorbed, even in patients with pernicious anemia or significant terminal ileum resection.[83] [84] [85]
Absorption can be maximized by administering on an empty stomach. Findings from one Cochrane review
suggest that oral cyanocobalamin is at least as effective as intramuscular cyanocobalamin in patients with
vitamin B12 deficiency.[86]

Sublingual and intranasal cyanocobalamin

Although effective, sublingual and intranasal cyanocobalamin are generally not used in the treatment of
vitamin B12 deficiency due to limited evidence and limited knowledge regarding optimal dosing.[87] [88]
[89] Intranasal cyanocobalamin may be considered in patients who have undergone bariatric surgery.[74]

Patients presenting with severe symptoms
Patients presenting with severe hematologic (pancytopenia and marked symptomatic anemia) or
neurologic (subacute combined spinal degeneration, dementia, or cognitive impairment) symptoms of
vitamin B12 deficiency require acute and urgent treatment.[90]
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Patients with symptomatic anemia and pancytopenia require hospital admission and hematologic
specialist referral, and, rarely, may require red blood cell (RBC) transfusion. If there are signs of
congestive cardiac failure, packed RBCs should be given together with low-dose diuretic therapy. An
acute regimen of parenteral cyanocobalamin is given until significant reticulocytosis is seen in the
marrow.[91] Folic acid supplementation may help reverse the hematologic abnormalities.

Replacement therapy may potentially improve cognition outcomes in patients with noted cognitive
impairment and vitamin B12 deficiency.[92] 

Patients with severe neurologic symptoms may require neurologic and psychogeriatric referral and
evaluation while commencing the acute parenteral treatment regimen. In some cases, neurologic
symptoms may be irreversible despite normalization of serum vitamin B12 levels.

Ongoing maintenance treatment is with once-daily oral cyanocobalamin, or once-monthly parenteral
cyanocobalamin.

Patients with mild to moderate symptoms
Acute and maintenance treatment of patients with mild to moderate symptoms of vitamin B12 deficiency
(e.g., mild anemia, dysesthesia/paresthesias, polyneuropathy, depression) is with once-daily oral
cyanocobalamin or once-monthly parenteral cyanocobalamin, depending on clinician preference. Patients
treated with oral cyanocobalamin should respond within 8 weeks. If serum vitamin B12 does not rise
significantly after this time, clinicians should switch to parenteral cyanocobalamin (if not already used) or
consider other causes.

Asymptomatic or borderline deficiency in high-risk patients
High-risk patients (e.g., older patients, and those with restrictive diets or chronic GI illness) should
be monitored for vitamin B12 deficiency. Treatment with oral or parenteral cyanocobalamin should be
considered, even if they are asymptomatic. This is because the hematologic and neurologic complications
of vitamin B12 deficiency may be irreversible once they develop.

Older patients (>65 years)

Dietary advice should be given on the importance of eating animal-derived foods (such as meat, fish,
eggs, and milk), and taking multivitamin supplements. Older people who have a poor diet should be
counseled that lifelong monitoring and supplements may be required.

Vegan or strict vegetarian diet

Should be counseled to supplement their diet with appropriate vitamin B12-fortified foods and multivitamin
supplements in order to meet the recommended dietary allowance of 2.4 micrograms/day.[58] [93]

Chronic GI illness

Patients with a chronic GI illness that can cause malabsorption or inadequate absorption (e.g., pernicious
anemia, Crohn disease, celiac disease) or who have undergone gastric surgery or terminal ileectomy
should be treated with parenteral cyanocobalamin.[1] [94]

Bariatric surgery
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Patients who have had bariatric surgery may not be able to adequately maintain serum vitamin B12 levels
with multivitamins; therefore, oral, parenteral, or intranasal cyanocobalamin should be given.[74] [95]
An oral multivitamin supplement optimized for bariatric surgery has shown potential benefit in reducing
vitamin deficiencies following Roux-en-Y gastric bypass surgery, but the evidence is limited.[96] 

Pregnancy and breast-feeding
Up to 20% to 30% of pregnant women may be at risk for vitamin B12 deficiency.[11] Deficiency found in
pregnancy should be treated, even if the woman is asymptomatic, because deficiency may be associated
with adverse risk for preterm delivery and lower birth weight.[11] [29][57] Treatment of pregnant women is
generally the same as for nonpregnant patients.

Pregnant and breast-feeding women who have a strict vegetarian or vegan diet should be counseled
about adequate intake of vitamin B12 and supplementation.[29] Breast-feeding women who adhere to
a vegan diet will only provide adequate vitamin B12 for their infant if the mother satisfies vitamin B12
requirements through supplementation.[97]

Monitoring response to treatment
Brisk reticulocytosis in the bone marrow occurs within 1-2 weeks of initiating treatment in patients with
severe anemia due to vitamin B12 deficiency.

Other markers of deficiency, including methylmalonic acid, homocysteine, and mean corpuscular volume,
should normalize in 8 weeks with adequate treatment. Serum vitamin B12 (serum cobalamin) levels
should return to normal before starting maintenance therapy.

Maintenance therapy
Most patients identified with vitamin B12 deficiency require lifelong maintenance therapy with once-daily
oral cyanocobalamin, or once-monthly parenteral cyanocobalamin. Oral cyanocobalamin is generally well
tolerated for maintenance. Parenteral cyanocobalamin is often reserved for those who cannot take daily
pills or have documented failure to oral therapy. It may also be considered when there are concerns about
adherence to oral vitamin B12 replacement therapy.[98]

Some clinicians may attempt to lower the effective dose of maintenance oral cyanocobalamin. Periodic
monitoring after replacement may be able to identify patients who may maintain serum levels with
oral doses <1000 micrograms/day.[99] However, absorption may be variable, and some patients may
experience less than maximal clinical and laboratory response with oral cyanocobalamin doses <1000
micrograms/day.[100] [101] [102]
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Treatment algorithm overview
Please note that formulations/routes and doses may differ between drug names and brands, drug
formularies, or locations. Treatment recommendations are specific to patient groups: see disclaimer

Acute ( summary )
symptomatic

severe symptoms 1st parenteral cyanocobalamin or
hydroxocobalamin

plus referral to neurologist and/or hematologist

adjunct blood transfusion ± low-dose diuretic

adjunct oral folic acid

plus lifelong oral or parenteral cyanocobalamin
or parenteral hydroxocobalamin

mild to moderate
symptoms

1st oral or parenteral cyanocobalamin or
parenteral hydroxocobalamin

plus lifelong oral or parenteral cyanocobalamin
or parenteral hydroxocobalamin

asymptomatic or borderline
deficiency

patients aged >65 years
with poor diet

1st dietary supplementation + multivitamins

2nd lifelong oral or parenteral cyanocobalamin
or parenteral hydroxocobalamin

vegan or strict vegetarian
diet

1st dietary supplementation + multivitamins

2nd lifelong oral or parenteral cyanocobalamin
or parenteral hydroxocobalamin

with chronic
gastrointestinal illness

1st parenteral cyanocobalamin or
hydroxocobalamin

after bariatric surgery 1st oral, parenteral, or intranasal
cyanocobalamin or parenteral
hydroxocobalamin
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Vitamin B12 deficiency Management

Treatment algorithm
Please note that formulations/routes and doses may differ between drug names and brands, drug
formularies, or locations. Treatment recommendations are specific to patient groups: see disclaimer

Acute
symptomatic

severe symptoms 1st parenteral cyanocobalamin or
hydroxocobalamin

Primary options

» cyanocobalamin (vitamin B12): 1000
micrograms intramuscularly/subcutaneously
once daily for 1-2 weeks, followed by 1000
micrograms once weekly for 1 month

OR

» hydroxocobalamin: 1000 micrograms
intramuscularly three times weekly for 2
weeks, followed by 1000 micrograms once
every 3 months

» Patients with severe hematologic
(pancytopenia and marked symptomatic
anemia) or neurologic (subacute combined
spinal degeneration, dementia, or cognitive
impairment) symptoms of vitamin B12 deficiency
require hospital admission and acute and urgent
treatment.[90]

» An acute regimen of parenteral
cyanocobalamin is given daily for 1 to 2 weeks,
and then once a week for up to 1 month,
until significant reticulocytosis is seen in the
marrow.[91]

» Brisk bone marrow reticulocytosis can be
measured in 1-2 weeks as a response to
treatment. Other markers of deficiency, including
methylmalonic acid, homocysteine, and mean
corpuscular volume, should normalize in 8
weeks with adequate treatment.

» In Europe, hydroxocobalamin is more
commonly used than cyanocobalamin.
Hydroxocobalamin is retained longer in the
body than cyanocobalamin, but superiority to
cyanocobalamin has not been established in
clinical trials.

plus referral to neurologist and/or hematologist

Treatment recommended for ALL patients in
selected patient group
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Acute
» Patients with severe neurologic symptoms may
require neurologic and psychogeriatric referral
and evaluation while commencing the acute
parenteral treatment regimen. In some cases,
neurologic symptoms may be irreversible despite
serum vitamin B12 levels returning to normal.

» Patients with symptomatic anemia and
pancytopenia require hospital admission and
hematologic specialist referral.

» Pregnant women should be managed in
consultation with their obstetrician.

adjunct blood transfusion ± low-dose diuretic

Treatment recommended for SOME patients in
selected patient group

Primary options

» bumetanide: 0.5 to 2 mg orally/
intravenously once or twice daily initially,
increase according to response, maximum 10
mg/day

» Patients with symptomatic anemia and
pancytopenia require hospital admission and
hematologic specialist referral and, rarely, may
require red blood cell (RBC) transfusion.

» If there are signs of congestive cardiac failure,
cardiac monitoring is advised and packed RBCs
should be given together with low-dose diuretic
therapy.

» Diuretics should generally be avoided in
pregnancy unless the benefits outweigh the
risks, and only under specialist guidance.

adjunct oral folic acid

Treatment recommended for SOME patients in
selected patient group

Primary options

» folic acid (vitamin B9): 1 mg orally once
daily

» Folate supplementation can help reverse the
hematologic abnormalities.

plus lifelong oral or parenteral cyanocobalamin
or parenteral hydroxocobalamin

Treatment recommended for ALL patients in
selected patient group

Primary options
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Vitamin B12 deficiency Management

Acute
» cyanocobalamin (vitamin B12): 1000
micrograms orally once daily

Secondary options

» cyanocobalamin (vitamin B12): 1000
micrograms intramuscularly/subcutaneously
once monthly

OR

» hydroxocobalamin: 1000 micrograms
intramuscularly once every 3 months

» Most patients identified with vitamin B12
deficiency require lifelong maintenance therapy
with once-daily oral cyanocobalamin or once-
monthly parenteral cyanocobalamin.

» Oral cyanocobalamin is generally well
tolerated for maintenance therapy. Parenteral
cyanocobalamin is often reserved for those
who cannot take daily pills or have documented
failure to oral therapy. It may also be considered
when there are concerns about adherence to
oral vitamin B12 replacement therapy.[98]

» Some clinicians may attempt to lower
the effective dose of maintenance oral
cyanocobalamin. Periodic monitoring after
replacement may be able to identify patients
who may maintain serum levels with oral
doses <1000 micrograms/day.[99] However,
absorption may be variable, and some patients
may experience less than maximal clinical and
laboratory response with oral cyanocobalamin
doses <1000 micrograms/day.[100] [101] [102]

» Absorption can be maximized by
administration on an empty stomach.

» A response with daily oral cyanocobalamin
should be seen within 8 weeks. If serum
vitamin B12 does not significantly rise after
this time, clinicians should switch to parenteral
cyanocobalamin (if not already used) or consider
other causes.

» In Europe, hydroxocobalamin is more
commonly used than cyanocobalamin.
Hydroxocobalamin is retained longer in the
body than cyanocobalamin, but superiority to
cyanocobalamin has not been established in
clinical trials.

mild to moderate
symptoms

1st oral or parenteral cyanocobalamin or
parenteral hydroxocobalamin
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Acute
Primary options

» cyanocobalamin (vitamin B12): 1000
micrograms orally once daily; 1000
micrograms intramuscularly/subcutaneously
once monthly

OR

» hydroxocobalamin: 1000 micrograms
intramuscularly once every 3 months

» Treatment of patients with mild to moderate
symptoms of vitamin B12 deficiency (e.g.,
mild anemia, dysesthesia/paresthesias,
polyneuropathy, depression) is with once-
daily oral cyanocobalamin or once-monthly
parenteral cyanocobalamin, depending on
clinician preference.

» In patients treated with oral cyanocobalamin,
a response should be seen within 8 weeks.
If serum vitamin B12 does not significantly
rise after this time, clinicians should switch to
parenteral cyanocobalamin (if not already used)
or consider other causes.

» In Europe, hydroxocobalamin is more
commonly used than cyanocobalamin.
Hydroxocobalamin is retained longer in the
body than cyanocobalamin, but superiority to
cyanocobalamin has not been established in
clinical trials.

plus lifelong oral or parenteral cyanocobalamin
or parenteral hydroxocobalamin

Treatment recommended for ALL patients in
selected patient group

Primary options

» cyanocobalamin (vitamin B12): 1000
micrograms orally once daily

Secondary options

» cyanocobalamin (vitamin B12): 1000
micrograms intramuscularly/subcutaneously
once monthly

OR

» hydroxocobalamin: 1000 micrograms
intramuscularly once every 3 months

» Most patients identified with vitamin B12
deficiency require lifelong maintenance therapy
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Vitamin B12 deficiency Management

Acute
with once-daily oral cyanocobalamin or once-
monthly parenteral cyanocobalamin.

» Oral cyanocobalamin is generally well
tolerated for maintenance therapy. Parenteral
cyanocobalamin is often reserved for those
who cannot take daily pills or have documented
failure to oral therapy. It may also be considered
when there are concerns about adherence to
oral vitamin B12 replacement therapy.[98]

» Some clinicians may attempt to lower
the effective dose of maintenance oral
cyanocobalamin. Periodic monitoring after
replacement may be able to identify patients
who may maintain serum levels with oral
doses <1000 micrograms/day.[99] However,
absorption may be variable, and some patients
may experience less than maximal clinical and
laboratory response with oral cyanocobalamin
doses <1000 micrograms/day.[100] [101] [102]

» Absorption can be maximized by
administration on an empty stomach.

» A response with daily oral cyanocobalamin
should be seen within 8 weeks. If serum
vitamin B12 does not significantly rise after
this time, clinicians should switch to parenteral
cyanocobalamin (if not already used) or consider
other causes.

» In Europe, hydroxocobalamin is more
commonly used than cyanocobalamin.
Hydroxocobalamin is retained longer in the
body than cyanocobalamin, but superiority to
cyanocobalamin has not been established in
clinical trials.

asymptomatic or borderline
deficiency

patients aged >65 years
with poor diet

1st dietary supplementation + multivitamins

» About 5% to 35% of older people have
evidence of vitamin B12 deficiency.[11] [12] [13]
[14] [15] [16]

» Low serum vitamin B12 (<200 picograms/
mL) may not be associated with symptoms.
But dietary advice on the importance of eating
animal-derived foods (such as meat, fish, eggs,
and milk), and taking multivitamin supplements,
is recommended as first-line treatment in this
group.
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Acute
» Combined diet and multivitamins should meet
the recommended dietary allowance of 2.4
micrograms/day.[58]

2nd lifelong oral or parenteral cyanocobalamin
or parenteral hydroxocobalamin

Primary options

» cyanocobalamin (vitamin B12): 1000
micrograms orally once daily

Secondary options

» cyanocobalamin (vitamin B12): 1000
micrograms intramuscularly/subcutaneously
once monthly

OR

» hydroxocobalamin: 1000 micrograms
intramuscularly once every 3 months

» If diet and multivitamin supplements do
not help, or if the diet cannot be improved,
cyanocobalamin treatment is advised.

» Most patients identified with vitamin B12
deficiency require lifelong maintenance therapy
with once-daily oral cyanocobalamin or once-
monthly parenteral cyanocobalamin.

» Oral cyanocobalamin is generally well
tolerated for maintenance therapy. Parenteral
cyanocobalamin is often reserved for those
who cannot take daily pills or have documented
failure to high-dose oral therapy. It may also
be considered when there are concerns about
adherence to oral vitamin B12 replacement
therapy.[98]

» Some clinicians may attempt to lower
the effective dose of maintenance oral
cyanocobalamin. Periodic monitoring after
replacement may be able to identify patients
who may maintain serum levels with oral
doses <1000 micrograms/day.[99] However,
absorption may be variable, and some patients
may experience less than maximal clinical and
laboratory response with oral cyanocobalamin
doses <1000 micrograms/day.[100] [101] [102]

» Absorption can be maximized by
administration on an empty stomach.

» A response with daily oral cyanocobalamin
should be seen within 8 weeks. If serum
vitamin B12 does not significantly rise after
this time, clinicians should switch to parenteral
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Vitamin B12 deficiency Management

Acute
cyanocobalamin (if not already used) or consider
other causes.

» In Europe, hydroxocobalamin is more
commonly used than cyanocobalamin.
Hydroxocobalamin is retained longer in the
body than cyanocobalamin, but superiority to
cyanocobalamin has not been established in
clinical trials.

vegan or strict vegetarian
diet

1st dietary supplementation + multivitamins

» Vegans or strict vegetarians should be
counseled to supplement their diet with
appropriate vitamin B12-fortified foods and
multivitamin supplements in order to meet
the recommended dietary allowance of 2.4
micrograms/day.[58] [93]

» Pregnant and breast-feeding women who
have a strict vegetarian or vegan diet should
be counseled about adequate intake of vitamin
B12 and supplementation.[103] Breast-feeding
women who adhere to a vegan diet will only
provide adequate vitamin B12 for her infant if
the mother satisfies vitamin B12 requirements
through supplementation.[97]

2nd lifelong oral or parenteral cyanocobalamin
or parenteral hydroxocobalamin

Primary options

» cyanocobalamin (vitamin B12): 1000
micrograms orally once daily

Secondary options

» cyanocobalamin (vitamin B12): 1000
micrograms intramuscularly/subcutaneously
once monthly

OR

» hydroxocobalamin: 1000 micrograms
intramuscularly once every 3 months

» Lifelong maintenance treatment with once-daily
oral cyanocobalamin or once-monthly parenteral
cyanocobalamin is advised.

» Oral cyanocobalamin is generally well
tolerated for maintenance therapy. Parenteral
cyanocobalamin is often reserved for those
who cannot take daily pills or have documented
failure to oral therapy. It may also be considered
when there are concerns about adherence to
oral vitamin B12 replacement therapy.[98]
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Acute
» Some clinicians may attempt to lower
the effective dose of maintenance oral
cyanocobalamin. Periodic monitoring after
replacement may be able to identify patients
who may maintain serum levels with oral
doses <1000 micrograms/day.[99] However,
absorption may be variable, and some patients
may experience less than maximal clinical and
laboratory response with oral cyanocobalamin
doses <1000 micrograms/day.[100] [101] [102]

» Absorption can be maximized by
administration on an empty stomach.

» A response with daily oral cyanocobalamin
should be seen within 8 weeks. If serum
vitamin B12 does not significantly rise after
this time, clinicians should switch to parenteral
cyanocobalamin (if not already used) or consider
other causes.

» In Europe, hydroxocobalamin is more
commonly used than cyanocobalamin.
Hydroxocobalamin is retained longer in the
body than cyanocobalamin, but superiority to
cyanocobalamin has not been established in
clinical trials.

with chronic
gastrointestinal illness

1st parenteral cyanocobalamin or
hydroxocobalamin

Primary options

» cyanocobalamin (vitamin B12): 1000
micrograms intramuscularly/subcutaneously
once monthly

OR

» hydroxocobalamin: 1000 micrograms
intramuscularly once every 3 months

» Patients with a chronic gastrointestinal
(GI) illness that can cause malabsorption
or inadequate absorption (e.g., pernicious
anemia, Crohn disease, celiac disease) or who
have undergone gastric surgery or terminal
ileectomy should be treated with parenteral
cyanocobalamin.[1] [94]

» In Europe, hydroxocobalamin is more
commonly used than cyanocobalamin.
Hydroxocobalamin is retained longer in the
body than cyanocobalamin, but superiority to
cyanocobalamin has not been established in
clinical trials.
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Vitamin B12 deficiency Management

Acute
after bariatric surgery 1st oral, parenteral, or intranasal

cyanocobalamin or parenteral
hydroxocobalamin

Primary options

» cyanocobalamin (vitamin B12): 350-1000
micrograms orally once daily; or 1000
micrograms intramuscularly/subcutaneously
once monthly; or 3000 micrograms
intramuscularly/subcutaneously every 6
months; or 500 micrograms intranasally once
weekly

OR

» hydroxocobalamin: 1000 micrograms
intramuscularly once every 3 months

» Patients who have had bariatric surgery
may not be able to adequately maintain serum
vitamin B12 levels with multivitamins; therefore,
oral, parenteral, or intranasal cyanocobalamin
should be given.[74] [95] An oral multivitamin
supplement optimized for bariatric surgery has
shown potential benefit in reducing vitamin
deficiencies following Roux-en-Y gastric bypass
surgery, but the evidence is limited.[96]

» In Europe, hydroxocobalamin is more
commonly used than cyanocobalamin.
Hydroxocobalamin is retained longer in the
body than cyanocobalamin, but superiority to
cyanocobalamin has not been established in
clinical trials.

Primary prevention
The recommended dietary allowance (RDA) for vitamin B12 is 2.4 micrograms/day in men and women
aged 14 years and above.[58] During pregnancy and lactation, the RDA is 2.6 and 2.8 micrograms/day,
respectively.[58] [59]

Most vitamin B12 is obtained through ingestion of meat and dairy products, and body stores of vitamin B12
remain for years. Food fortification policies may reduce risk of vitamin B12 deficiency.[60]

Countries with a high prevalence of vitamin B12 depletion and deficiency may consider the inclusion of
vitamin B12 when staples are fortified with folic acid. This may help to prevent unintended consequences of
excess folic acid consumption.[61] [62]

Vegans and strict vegetarians may be at risk of vitamin B12 deficiency, and should supplement their diet with
vitamin B12-fortified foods or a multivitamin containing a minimum of 2.4 micrograms of vitamin B12 per day.
Those with a history of gastric bypass surgery or gastrectomy should supplement their diet with additional
vitamin B12.[63]
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Secondary prevention
Vegans, strict vegetarians, and older people are at risk of vitamin B12 deficiency without multivitamin
supplementation or vitamin B12-fortified foods. Optimal dosing of vitamin B12 supplementation is uncertain,
but older people may need oral dosages of >500 micrograms/day for optimal absorption.[115] Most vegans
and strict vegetarians should absorb free vitamin B12 in standard multivitamins or fortified foods without
difficulty, and minimal target intake should meet the recommended dietary allowance (2.4 micrograms/day).
In vegans and vegetarians with marginal vitamin B12 stores, one study demonstrated improvement of stores
with 50 micrograms/day of sublingual vitamin B12 or 2000 micrograms/week of sublingual vitamin B12.[93]
The results support the use of a sublingual supplement at low doses in this population.[93]

In patients with diagnosed pernicious anemia (due to lack of intrinsic factor), endoscopic follow-up is advised
in view of their increased risk of developing gastric cancer. A two to threefold excess risk of gastric cancer
has been noted in patients with pernicious anemia.[81]

Patient discussions
The clinician should ensure that the patient is followed up as clinically indicated because some patients
may not have complete resolution of neurologic symptoms, despite adequate treatment. It should be
explained that treatment may only prevent further neuropsychiatric complications.

Patients should be advised about the importance of eating animal-derived foods, such as fish, meat,
eggs, and milk, or taking multivitamin supplements.[58]

Specific advice for patients on plant-based diets (including vegans and strict vegetarians) includes taking
a daily vitamin B12 supplement with food and choosing food products that are labeled as being fortified
with vitamin B12.[114]
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Vitamin B12 deficiency Follow up

Monitoring
Monitoring
Patients with vitamin B12 deficiency should have close follow-up to confirm the diagnosis and to
determine response to treatment. In patients with minimal symptoms and without anemia causing
hemodynamic compromise, this can generally be done 2 to 3 months from initiation of treatment. Follow-
up serum vitamin B12 levels, methylmalonic acid levels, or homocysteine levels should be measured to
determine response to treatment.

European Society for Clinical Nutrition and Metabolism guidelines recommend a minimum of annual
assessment for individuals at risk of vitamin B12 deficiency or those receiving treatment.[59]

Incomplete response should alert the clinician to look for other causes of macrocytic anemia and/or
neurologic disease.
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Complications

Complications Timeframe Likelihood
neurologic deficits long term high

Those inadequately treated for vitamin B12 deficiency can have progressive neurologic damage.

hematologic deficits long term high

Those inadequately treated for vitamin B12 deficiency can have progressive anemia, leukopenia, and
thrombocytopenia.

gastric cancer long term low

Gastric cancer is a long-term complication of untreated pernicious anemia (with antibodies to intrinsic
factor). A two to threefold excess risk of gastric cancer has been noted in patients with pernicious
anemia.[81]

psychiatric conditions variable high

Vitamin B12 deficiency may manifest with psychiatric symptoms such as cognitive impairment and
irritability, or with conditions including dementia and depression.[43] [59]

In one prospective study of adults ages ≥50 years, those with deficient to low vitamin B12 status were 51%
more likely to develop depressive symptoms over 4 years.[113]

The potential for improvement of depressive symptoms in patients receiving vitamin B12 supplementation
may differ between those with recent onset and those with more advanced neurologic disorders.[109] [110]

There is no clear evidence that vitamin B12 supplementation alone improves dementia or cognitive
decline, although some studies suggest that supplementation with a vitamin B complex or folic acid
combined with vitamin B12 may slow progression and improve symptoms.[7] [8] [9] [112]

low birth weight and preterm delivery (vitamin B12
deficiency during pregnancy)

variable low

One systematic review found that vitamin B12 deficiency is common during pregnancy and that levels of
vitamin B12 decrease from the first to the third trimester.[30]

Vitamin B12 deficiency in pregnancy may be associated with an increased risk for preterm delivery, lower
birth weight, and lower infant levels of vitamin B12.[56] [57]

Prognosis

Vitamin B12 deficiency can cause devastating neurologic disease and severe hematologic disorders. Early
diagnosis and prompt treatment may halt progression and reverse neurologic disease.[42] Unfortunately
many cases are irreversible and clinical disease may not respond to adequate therapy.[75] Early diagnosis in
the near-asymptomatic stage can be critical in preventing permanent neurologic damage.
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Vitamin B12 deficiency Follow up

Megaloblastic anemia
Prompt treatment in patients with megaloblastic anemia due to vitamin B12 deficiency can completely
reverse the process. Brisk reticulocytosis occurs within 1 to 2 weeks of initiating treatment.

Subacute combined spinal degeneration
Treatment with vitamin B12 generally leads to clinical (and magnetic resonance imaging) improvement of
subacute combined spinal degeneration, and can halt progression of disease. However, only a few patients
will have complete resolution with vitamin B12 replacement.[75]

Other neurologic disease
Vitamin B12 treatment may improve peripheral neuropathy.[107] [108] Treatment may not completely resolve
the process.

The potential for improvement of depressive symptoms in patients receiving vitamin B12 supplementation
may differ between those with recent onset and those with more advanced neurologic disorders.[109] [110]

There is no clear evidence that vitamin B12 supplementation improves dementia or cognitive decline,
although some evidence suggests that supplementation with a vitamin B complex or folic acid combined with
vitamin B12 may slow progression of cognitive decline and improve symptoms.[7][9] [111][112]
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Diagnostic guidelines

International

Cobalamin (vitamin B12) and folate deficiency (https://www2.gov.bc.ca/gov/
content/health/practitioner-professional-resources/bc-guidelines/vitamin-b12)
[64]
Published by: Guidelines and Protocols Advisory Committee, British
Columbia

Last published: 2023

Diagnosis of B12 and folate deficiency (https://b-s-h.org.uk/guidelines)   [1]
Published by: British Society for Haematology Last published: 2014
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Vitamin B12 deficiency Guidelines

Treatment guidelines

International

Dietary supplement fact sheet: vitamin B12 (https://ods.od.nih.gov/factsheets/
VitaminB12-HealthProfessional)   [58]
Published by: Office of Dietary Supplements, National Institutes of
Health

Last published: 2022

Dietary guidelines for Americans 2020-2025 (https://health.gov/our-work/food-
nutrition/current-dietary-guidelines)   [104]
Published by: US Department of Health and Human Services; US
Department of Agriculture

Last published: 2020

Clinical practice guidelines for the perioperative nutritional, metabolic, and
nonsurgical support of the bariatric surgery patient - 2019 update (https://
asmbs.org/resource-categories/guidelines-recommendations)   [74]
Published by: American Association of Clinical Endocrinologists;
Obesity Society; American Society for Metabolic & Bariatric Surgery

Last published: 2019

Cobalamin (vitamin B12) and folate deficiency (https://www2.gov.bc.ca/gov/
content/health/practitioner-professional-resources/bc-guidelines/vitamin-b12)
[105]
Published by: Guidelines and Protocols Advisory Committee, British
Columbia

Last published: 2023

ESPEN micronutrient guideline (https://www.espen.org/guidelines-home/
espen-guidelines)   [59]
Published by: European Society for Clinical Nutrition and Metabolism Last published: 2022

ESPEN practical guideline: Clinical nutrition in inflammatory bowel disease
(https://www.espen.org/guidelines-home/espen-guidelines)   [94]
Published by: European Society for Clinical Nutrition and Metabolism Last published: 2020

Diagnosis of B12 and folate deficiency (https://b-s-h.org.uk/guidelines)   [1]
Published by: British Society for Haematology Last published: 2014

Nutrient reference values for Australia and New Zealand (https://
www.nhmrc.gov.au/about-us/publications/nutrient-reference-values-australia-
and-new-zealand-including-recommended-dietary-intakes)   [106]
Published by: Australian Government National Health and Medical
Research Council and New Zealand Ministry for Health

Last published: 2017
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Online resources

1. CDC: HIV - laboratory tests (https://www.cdc.gov/hiv/testing/laboratorytests.html)  (external link)
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Figure 1: Absorption of vitamin B12. Dietary B12 is released from food in the stomach and binds to R-protein
(haptocorrin, this complex is stable in the gastric acidic environment). The R-B12 complex then travels to
the duodenum, where B12 binds to intrinsic factor (IF, secreted by gastric parietal cells and therefore lost in
pernicious anemia). This B12-IF complex is carried down the small intestine until the terminal ileum, where it
attaches to IF receptors and is absorbed into the bloodstream bound to transcobalamin. Over 95% of dietary
B12 is absorbed through the IF pathway

Sukumar N et al. Investigating vitamin B12 deficiency. BMJ. 2019 May 10;365:l1865; used with permission
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Disclaimer
BMJ Best Practice is intended for licensed medical professionals. BMJ Publishing Group Ltd (BMJ) does not
advocate or endorse the use of any drug or therapy contained within this publication nor does it diagnose
patients. As a medical professional you retain full responsibility for the care and treatment of your patients
and you should use your own clinical judgement and expertise when using this product.

This content is not intended to cover all possible diagnosis methods, treatments, follow up, drugs and any
contraindications or side effects. In addition, since such standards and practices in medicine change as
new data become available, you should consult a variety of sources. We strongly recommend that you
independently verify specified diagnosis, treatments and follow-up and ensure it is appropriate for your
patient within your region. In addition, with respect to prescription medication, you are advised to check the
product information sheet accompanying each drug to verify conditions of use and identify any changes in
dosage schedule or contraindications, particularly if the drug to be administered is new, infrequently used, or
has a narrow therapeutic range. You must always check that drugs referenced are licensed for the specified
use and at the specified doses in your region.

Information included in BMJ Best Practice is provided on an “as is” basis without any representations,
conditions or warranties that it is accurate and up to date. BMJ and its licensors and licensees assume no
responsibility for any aspect of treatment administered to any patients with the aid of this information. To
the fullest extent permitted by law, BMJ and its licensors and licensees shall not incur any liability, including
without limitation, liability for damages, arising from the content. All conditions, warranties and other terms
which might otherwise be implied by the law including, without limitation, the warranties of satisfactory
quality, fitness for a particular purpose, use of reasonable care and skill and non-infringement of proprietary
rights are excluded.

Where BMJ Best Practice has been translated into a language other than English, BMJ does not warrant the
accuracy and reliability of the translations or the content provided by third parties (including but not limited to
local regulations, clinical guidelines, terminology, drug names and drug dosages). BMJ is not responsible for
any errors and omissions arising from translation and adaptation or otherwise.Where BMJ Best Practice lists
drug names, it does so by recommended International Nonproprietary Names (rINNs) only. It is possible that
certain drug formularies might refer to the same drugs using different names.

Please note that recommended formulations and doses may differ between drug databases drug names and
brands, drug formularies, or locations. A local drug formulary should always be consulted for full prescribing
information.

Treatment recommendations in BMJ Best Practice are specific to patient groups. Care is advised when
selecting the integrated drug formulary as some treatment recommendations are for adults only, and external
links to a paediatric formulary do not necessarily advocate use in children (and vice-versa). Always check
that you have selected the correct drug formulary for your patient.

Where your version of BMJ Best Practice does not integrate with a local drug formulary, you should consult
a local pharmaceutical database for comprehensive drug information including contraindications, drug
interactions, and alternative dosing before prescribing.

Interpretation of numbers

Regardless of the language in which the content is displayed, numerals are displayed according to the
original English-language numerical separator standard. For example 4 digit numbers shall not include a
comma nor a decimal point; numbers of 5 or more digits shall include commas; and numbers stated to be
less than 1 shall be depicted using decimal points. See Figure 1 below for an explanatory table.

BMJ accepts no responsibility for misinterpretation of numbers which comply with this stated numerical
separator standard.

This approach is in line with the guidance of the International Bureau of Weights and Measures Service.

Figure 1 – BMJ Best Practice Numeral Style
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5-digit numerals: 10,000

4-digit numerals: 1000

numerals < 1: 0.25
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