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Dear Editor,

Vitamin B12 (B12) belongs to a group of water soluble B-
vitamins. Methylcobalamin and adenosylcobalamin are
two biologically active forms of B12. Hydroxocobalamin,
aquacobalamin, nitrocobalamin and cyanocobalamin
are metabolized to either of the two active forms once
ingested. B12 is essential in synthesis of methionine
(methylcobalamin)and in metabolism of lipids, protein
and carbohydrates (adenosylcobalamin). Deficiency of
B12 is widespread. Vegetarians develop B12 deficiency be-
cause of inadequate intake. The deficiency is prevalent
regardless of other factors such as demographic char-
acteristics, place of residency, or age. Vegans are at an
especially high risk. Deficiency leads to hyperhomocys-
teinemia. High prevalence of hyperhomocysteinemia
has been reported among individuals who adhere to all
types of vegetarian diets. Symptoms of B12 deficiency
may be mild (e.g. fatigue, difficulty to concentrate) or
severe (low bone mineral density (BMD), hearing loss,
brain atrophy, and/or hardening of arteries). Intake of
eggs, milk and dairy products does not guarantee ad-
equate B12 status. In fact, B12 intake from these products
is likely inadequate to maintain sufficient serum B12
concentration. Although fortified foods may help to de-
lay the onset of deficiency, low Bi2 concentrations and
B12 deficiency have been reported in studies with veg-
etarians who used fortified foods and those who used
supplements (perhaps indicating inadequate dose of a
supplement). Individuals who adhere to all types of veg-
etarian diets should be advised to routinely screen for
B12 status. The best assessment method of B12 is methyl-
malonic acid and/or holotranscobalamin II. Vegetarians
need to ensure they ingest a reliable B12 source (e.g. B12
supplements). The dose depends large on age and life
stage with elderly and pregnant vegan women having
the need for the highest supplemental dose.

Vitamin B12 (B12), named cobalamin, belongs to a group
of water soluble B-vitamins. Methylcobalamin and ad-

enosylcobalamin are two biologically active forms of B12.
Hydroxocobalamin, aquacobalamin, nitrocobalamin
and cyanocobalamin are metabolized to either of the two
active forms once ingested (1). Methylcobalamin is a co-
factor in the conversion of homocysteine to methionine.
Adenosylcobalamin is needed for the conversion of Meth-
ylmalonyl-CoA to succinyl-CoA. This form is involved in
the metabolism of fats, carbohydrates and protein. B12
is essential in DNA synthesis, and thus, in synthesis of all
new cells. B12 plays a critical role in erythropoiesis and it
isindispensable in synthesis and maintenance of myelin,
a coating of the nerve pathways (1).

The process of digestion and absorption of B12 requires
adequate synthesis of hydrochloric acid, proteases and
an intrinsic factor (IF). Bi12 is released from dietary pro-
teins by pepsin. Once released, B12 binds with IF forming
an IF-B12 (or IF-Cbl) complex and it is absorbed in that
form. B12 can also be absorbed via passive diffusion when
itis ingested in high doses (e.g. via a supplement) (1).

B12 deficiency is a world-wide problem (2). Among veg-
etarians B12 deficiency is wide-spread and it is a result
of inadequate intake (3). Older vegetarian adults and
elderly may be at risk of a deficiency due to inadequate
intake and malabsorption. The reported prevalence of
deficiency among vegetarians ranged from 11 to 90% and
was 62% among pregnant women, between 25 to almost
86% among children, 21 to 41% among adolescents, and 11
to 90% among elderly (3). This range was mainly depend-
ed on deficiency criteria. Although a higher deficiency
prevalence was reported among vegans, compared to
other vegetarians, a number of studies reported a high
deficiency prevalence among lacto- and lacto-ovo-vege-
tarians, often reaching or exceeded 50% of the samples (3,
4). The deficiency is prevalent regardless of other factors
such as demographic characteristics, place of residency,
or age. Similarly, high prevalence of hyperhomocystein-
emia has been reported among individuals who adhere
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to all types of vegetarian diets (3, 4). Although serum ho-
mocysteine concentration depends on intake of several
nutrients (methionine, folate, B6 and B12), Bi2 is the de-
terminant factor among vegetarians (4).

A number of case reports among vegetarian, especially
vegan, adults have been published. Deficiency symptoms
experienced by these individuals were many and includ-
ed hematological, neurological, dermatological, gastro-
intestinal and psychiatric abnormalities (5). Symptom
manifestations may include synthesis of large, imma-
ture, oblong-shaped erythrocytes (megaloblasts), weak-
ness, fatigue, lightheadedness, tingling and burning
sensation, numbness, muscle imbalance, skin hyperpig-
mentation, glossy and “beefy” color of the tongue, forget-
fulness, pancytopenia, and myelin deterioration in both
central and peripheral nervous systems (5).

Although some researchers believe that biochemical
deficiency of B12 exists without accompanied symptoms,
B12 deficiency is associated with symptoms that are not
easily detected, such as low bone mineral density (BMD),
hearing loss, brain atrophy, and/or hardening of arter-
ies (6). Findings from a meta-analysis showed that B12
and homocysteine status were associated with BMD and
postmenopausal osteoporosis (7). Also, findings reported
by Kwok et al. showed that supplementation with 500
ug/day of Bi12 for 12 weeks by asymptomatic vegetarians
not only statistically significantly increased serum B12
(mean baseline serum B12 =134.0 pmol/L vs 379.6 pmol/L,
P = 0.0001) and reduced Hcy (mean baseline Hcy =16.7
pumol/L vs 11.3 umol/L, P = 0.01) concentrations but also
enhanced flow-mediated dilation of the brachial artery
and improved intima-media thickness of the carotid
artery (8). It is also important to realize that myelin de-
terioration that may lead to neurological manifestations
may occur among “asymptomatic” individuals with low
B12 and, that these problems may occur before hemato-
logical changes arise. Consequently, “asymptomatic” in-
dividuals may develop long-term complications prior to
diagnosis of B12 deficiency.

Especially worrisome is a high number of published
case studies with B12 deficiency among infants and chil-
dren born to vegan women (although reports are less
frequent, children born to lacto-ovo-vegetarian women
have developed similar problems) (9). Long-term com-
plications, related especially to neurological manifesta-
tions that include often severe developmental delays, are
not uncommon. B12 deficiency has been associated with
some forms of birth defects (e.g. neural tube defects) (10).

B12 recommendations vary from 1.9 pg/day to 3.0 pg/day
(11-13). Although the recommendation for B12 for an adult,
as issued by the Institute of Medicine, is 2.4pg/day, results
of several new studies indicated that this recommenda-
tion may have been underestimated and that a higher
daily intake may be needed to avoid B12 depletion (14-19).
This is especially true for elderly individuals who may
need several times to one or two hundred times higher
dose (20).

B12 is not found in foods of plant origin even though
very small amounts of Bi2 may be found in some food
items made exclusively from plant foods (due to either
contamination during processing, the addition of small
amounts of animal-derived ingredients or fortification).
However, the amount of Bi2 found in these foods, except
for foods that have been fortified, is negligible (1).

Milk, dairy products and eggs contains between 0.3 to
1.4 pg/100g of B12. Boiling and/or pasteurization destroys
5 to 50% of B12, depending on the duration of cooking.
Bioavailability of B12 from various preparations of eggs
(e.g., scrambled, boiled) ranges from less than 4% to just
over 9% (21).

Fermented soy products, such as tempeh and other
plant foods, do not contain biologically active forms of
B12. B12 synthesis by bacteria in the small intestine is neg-
ligible. Research findings regarding algae, such as spirul-
ina, nori and kombu are contradictory (1). Some research-
ers reported relatively high content of active B12 forms
while others found exclusively or almost exclusively in-
active B12 analogues, which actually may interfere with
metabolism of the active B12 compounds (22).

Although several assessment techniques of B12 status
exist, there is no “gold standard” for evaluation of B12
deficiency. B12 status can be determined using serum or
plasma B12, holotranscobalamin II (holoTCII), serum or
urinary methylmalonic acid (MMA), serum homocyste-
ine, and mean corpuscular volume (MCV). HoloTCII and
MMA are the most accurate, whereas serum or plasma B12
and especially MCV are less reliable (1).

Serum Bi12 assessment is among the most often used.
Serum B12 indicative of a deficiency is a matter of debate.
While most researchers and clinicians use relatively low
concentration (e.g. < 150 pmol/L), others used higher
values (e.g. 221 pmol/L). Even higher serum vitamin B12
concentrations were associated with hyperhomocystein-
emia and elevated methylmalonic acid (MMA). If disease
prevention is used as a criterion of B12 status, serum B12
concentration >330 pmol/L would normalize homocyste-
ine (<10 pmol/L) and decrease risk of cardiovascular dis-
ease (23). Serum B12 concentration =400 pmol/L would
be most protective against brain atrophy and cognitive
decline (6).

Normal urine MMA value is between 0.58 to 3.56 umol/
mmol creatinine (1). Concentration > 270 nmol/L has
been used most often as a deficiency criterion for serum
MMA (24). HoloTCII < 35 pmol/L is often used to indicate a
deficiency. However, higher values have been shown to be
more protective of brain atrophy and cognitive decline
(25). Homocysteine is the less specific but also useful
marker. Homocysteine concentration is also affected by
renal function and the use of certain medications includ-
ing methotrexate and theophylline. The reference value
for homocysteine is another matter of debate. Concentra-
tionof >12,andeven >10pumol/L,indicates hyperhomo-
cysteinemia. MCV > 96 fl indicates megaloblastic anemia
(1). In evaluation of B12 status, it is recommended to use
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two of the above mentioned assessment techniques si-
multaneously (23).

Although B12 is believed to be non-toxic, in case of a
very high serum B12 concentrations (most likely > 1,000
pmol/L) acne-like dermatological symptoms may occur
among some individuals (26). Some reports have showed
an association between serum Bi12 and haptocorrin con-
centrations and cancer (e.g. prostate cancer). It is be-
lieved that this association is due to reverse causation or
that it may be coincidental rather than causative (27).

Vegetarian diets may be recommended as a therapy for
diabetes patients (28). Patients who use metformin are at
risk of Bi2 deficiency since this drug interferes with B12
absorption (29). Vegetarians who had a procedure that
required general anesthesia are at risk of B12 deficiency
since nitrous oxide, a common anesthetic agent, inacti-
vates B12 via an oxidation of cobalt (30).

Vegetarians need to ensure they ingest a reliable B12
source. Intake of eggs, milk and dairy products does not
guarantee adequate B12 status. In fact, B12 intake from
these products is likely inadequate to maintain sufficient
serum B12 concentration (21, 27, 31, 32). This would be es-
pecially true for elderly vegetarians (20). Although forti-
fied foods may help to delay the onset of deficiency, low
B12 concentrations and Bi2 deficiency have been report-
ed in studies with vegetarians who used fortified foods
and those who used supplements (perhaps indicating
inadequate dose of a supplement) (3). Because food for-
tification practices change and B12 content of eggs and
dairy products is variable, the most reliable way for veg-
etarians to ensure adequate B12 status is to use vitamin
B12 supplements (1-4). B12 deficiency has been reported
among non-vegetarians ingesting B12 supplements in
doses lower than 75 pg/day (20). A supplemental dose
depends mainly on age. It should be determined on an
individual bases according to biochemical B12 screening
results. All vegetarians should be regularly screened for
B12 status.
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