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Abstract

Plant-based dietary patterns are beneficial for cardio-
metabolic health and are associated with a lower risk of
multiple diseases, including ischemic heart disease and
several types of cancer. For these reasons, they are in-
creasingly recommended by the main medical societies
and dietary guidelines. However, if not properly planned,
these dietary patterns can lead to insufficient intake of
certain nutrients, including vitamin B12. Specifically,
people who follow vegetarian or vegan diets usually
have a low or no intake of vitamin B12, since the dietary
sources of this vitamin are foods of animal origin. Given
that this is an essential nutrient, whose deficiency can
lead to serious health consequences, it is essential to
have clear guidelines for the prevention, diagnosis and
timely treatment of vitamin B12 deficiency in the popu-
lation with a vegetarian and vegan diet.
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Resumen
Vitamina B12 en adultos con dieta vegetariana y vegana

La adopcién de patrones alimentarios basados en
plantas tiene beneficios para la salud cardiometabélica
y se asocia a menor riesgo de multiples enfermedades,
entre ellas la cardiopatia isquémica y varios tipos de
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cancer. Por estos motivos, son cada vez mas recomen-
dados por las principales sociedades médicas y guias
alimentarias. No obstante, si no se planifican adecuada-
mente, estos patrones alimentarios pueden llevar a una
ingesta insuficiente de ciertos nutrientes, entre ellos la
vitamina B12. Concretamente, las personas que siguen
dietas vegetarianas o veganas suelen tener una ingesta
baja o directamente nula de vitamina B12, ya que las
fuentes dietéticas de esta vitamina son los alimentos de
origen animal. Dado que este es un nutriente esencial,
cuya deficiencia puede llevar a graves consecuencias
para la salud, se hace imprescindible contar con pautas
claras para la prevencién, el diagnéstico y tratamiento
oportuno de la deficiencia de vitamina B12 en poblacién
con alimentacién vegetariana y vegana.

Palabras clave: vitamina B12, cobalamina, vegetaria-
nismo, alimentacién basada en plantas, nutricién

KEY POINTS
Current knowledge

e Properly planned vegetarian and vegan
diets have multiple health benefits but are
often deficient in vitamin B12. Despite its
critical importance, there are no clear gui-
delines for the prevention and treatment of
vitamin B12 deficiency in this population.
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Contribution of the article to current
knowledge

e This work provides an updated review of
vitamin B12 in adults with vegan and ve-
getarian diets and proposes diagnostic and
treatment algorithms meant to be easy to
apply in a clinical setting.

Vitamin B12, or cobalamin, is an essential wa-
ter-soluble vitamin. It has a complex chemical
structure, based on a corrin ring with a central
cobalt atom. It is a nutrient crucial for neurologi-
cal health (it plays a central role in the formation
and maintenance of myelin sheaths), the pro-
duction of blood cells in the bone marrow, and
DNA synthesis. Cobalamin acts as a cofactor in
3 fundamental metabolic reactions: the conver-
sion of methylmalonic acid to succinyl-CoA, of
homocysteine to methionine, and of 5-methyl-
tetrahydrofolate to tetrahydrofolate®2.

The adoption of plant-based dietary patterns
is associated with better cardiometabolic health,
lower risk of cardiovascular events and cancer,
and increased longevity*®. In a recent position
paper, the Academy of Nutrition and Dietetics
(AND) states that, in adults, properly planned
vegetarian and vegan dietary patterns may
be nutritionally adequate and offer long-term
health benefits, such as improved cardiometa-
bolic health®. The global adoption of plant-based
diets, including vegetarian and vegan diets, also
has the potential to greatly mitigate the impacts
of climate change, and entails a much less in-
tensive use of natural resources such as arable
land and drinking water’. All of this leads to an
increasing number of people adopting vegan or
vegetarian diets for health, environmental and/
or ethical reasons.

Despite the multiple health benefits of plant-
based, vegetarian, and vegan diets, these dietary
patterns, if not properly planned, can lead to
insufficient intake of certain nutrients such as
iron, zinc, iodine, calcium, omega-3 fatty acids,
vitamin D, and vitamin B128. Specifically, people
who follow vegetarian or vegan diets have a low
or null intake of vitamin B12, since the main
sources of this vitamin are meats and organ
meats (see below).

Vitamin B12 in vegetarian diets

The objective of this narrative review is to
update and discuss the most up-to-date knowl-
edge on vitamin B12 in people following vege-
tarian and vegan diets, in order to provide clear
guidelines for the prevention, diagnosis and
treatment of vitamin B12 deficiency in this pop-
ulation.

Recommended intake of vitamin B12

The Institute of Medicine (IOM) recommends
an intake of cobalamin in adults of at least 2.4
pg/day, considering optimal absorption®. In 2015,
the European Food Safety Agency (EFSA) con-
ducted an extensive review of the evidence and
increased the recommendation to more than
4 pg/day, on the grounds that these levels not
only achieve adequate concentrations of serum
cobalamin but are also sufficient to maintain
normal concentrations of metabolites such as
methylmalonic acid and homocysteine, which
indicates an adequate functional status of co-
balamin®.

Absorption and bioavailability of vitamin
B12

Vitamin B12 absorption involves a complex
system that starts in saliva, continues in the
stomach (where gastric acid releases B12 from
food and binds to intrinsic factor), and ends in
the terminal ileum, where it is absorbed through
specific receptors. Two absorption mechanisms
are described?!, which are relevant to bear in
mind due to their therapeutic implications:

Active transport: Very efficient (40-80%) but
saturable at 1.5-2 pg of vitamin B12 intake. It is
intrinsic factor dependent and is the pathway
that predominates with physiological doses
(such as those from natural sources or fortified
foods).

Passive transport: Not dependent on active
transporters or intrinsic factor, so it is not satu-
rable. Despite being somewhat inefficient (1-2%),
it is clinically useful for megadose therapeutic
strategies (see below).

Once absorbed, cobalamin passes into circu-
lation from the enterocyte and binds to carrier
proteins called holotranscobalamins (holoTCs).
Within this group, binding to holoTC-II is the
most relevant, since the B12-HoloTC-II complex
is the one that enters cells through a specific
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receptor. Once inside the cell, cobalamin is re-
leased and fulfills its biological functions at cyto-
plasmic and mitochondrial level. B12 not bound
to holoTC-II is bound to other carrier proteins,
such as holoTC-III (also called haptocorrin), and
has no bioactive functions.

Dietary sources of vitamin B12

Vitamin B12 is not synthesized by plants or
animals, but exclusively by certain microorgan-
isms. Animal foods contain B12 because animals
incorporate these microorganisms into their
diet (naturally or through supplements) or their
gut microbiota. Organ meats (liver, kidney, brain)
have a vitamin B12 content of 50-100 pg/100 g,
egg yolks, shellfish and fatty fish provide 5-50
1g/100 g, and muscle tissue (beef, lamb, pork,
chicken), whole egg, cheese, cow’s milk, and lean
fish provide 0.2-5 pg/100 g *.

Plant-based foods do not provide bioavailable
B12, unless they are fortified. Although it is often
said that some plant foods contain B12 (certain
algae, shitake mushrooms, fermented foods such
as sauerkraut), they are usually in minuscule
(trace) amounts. In Argentina and most western
countries, most people consume these foods
with very low frequency (if ever), and in small
gquantities. It is also important to note that some
algae, such as spirulina, contain B12 analogues
without biological activity, which can interfere
with the bioavailability of active cobalamin, and
spuriously raise serum B12 levels in the labora-
tory, potentially masking a deficiency*.

Prevalence and risk groups for vitamin
B12 deficiency

Vitamin B12 deficiency is relatively common,
but underdiagnosed®?. Populations at risk are
those who follow a plant-based diet, especially
vegans and vegetarians (even if eggs or dairy
products are consumed), advanced age (over 50
years old, and especially 70 years old, due to hy-
pochlorhydria and gastric atrophy).

Vitamin B12 deficiency can occur due to de-
creased intake, alterations in absorption, and in-
creased utilization, the first two being the most
frequent. A reduced intake can occur in people
with a plant-based diet, especially vegans and
vegetarians (even if they include dairy and eggs),
and when there are alterations in intake such as
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hypo/anorexia and deglutition-related disorders.
Absorption is compromised in conditions such
as celiac disease, autoimmune gastritis due to
anti-intrinsic factor and anti-parietal cell auto-
antibodies (pernicious anemia) and its evolution
to chronic atrophic gastritis, bariatric surgery,
gastrectomy, inflammatory bowel disease, bac-
terial overgrowth in the small intestine (SIBO),
parasitosis, and alcoholism. Several medications
interfere with the absorption of vitamin B12,
the most common being proton pump inhibi-
tors, metformin, trimethoprim/sulfamethoxa-
zole, and vitamin C supplements. People over 50
years of age, and especially 70 years of age, are
a risk group for cobalamin deficiency, since hy-
pochlorhydria and gastric atrophy are frequent
in this age range. Increased B12 utilization can
be observed in neoplastic diseases, chemother-
apy treatment, and hyperthyroidism®. There are
also genetic polymorphisms that affect absorp-
tion or transport, the most frequent being those
affecting the enzyme methyl-tetrahydrofolate-
reductase (MTHFR)*%.

Clinical manifestations of vitamin B12
deficiency

Vitamin B12 deficiency can have serious
health consequences, especially when severe
and prolonged. The main clinical manifestations
arelS:

1. Hematological: pancytopenia, leukopenia,
thrombocytopenia, and megaloblastic anemia,
the latter characterized by macrocytosis (mean
corpuscular volume [MCV] greater than 100 fL),
increased LDH (which can reach extreme values),
and hyperbilirubinemia with indirect predomi-
nance with anisocytosis and hypersegmented
neutrophils in peripheral blood smears. Anemia
occurs gradually, so it is usually tolerated by the
patient to the point that the diagnosis is usu-
ally made with severe anemia (hemoglobin less
than 7 g/dL) and macrocytosis with MCV values
greater than 120 fL.

2. Metabolic: hyperhomocysteinemia and el-
evated methylmalonic acid (see below).

3. Neurological: myelopathy and peripheral
neuropathy (manifested with symmetrical par-
esthesias, gait and proprioception alterations),
cognitive impairment, alterations in memory
and mood, optic atrophy, dementia, irritability.
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These may appear before hematological altera-
tions.

4. Digestive: glossitis, loss of appetite, dysgeu-
sia, constipation, smell disturbances.

5. Musculoskeletal: lower bone mineral den-
sity, fragility, asthenia.

Vitamin B12 status assessment

Serum vitamin B12

The most available and studied parameter is
serum total vitamin B12, which includes both
B12 bound to holoTC-II (usually called “active
vitamin B12”, since this form is the one capable
of entering cells, and therefore have bioactivity)
and B12 bound to other carrier proteins, mainly
haptocorrin (without biological activity).

There is no universally validated cut-off point,
which means that the limits for defining defi-
ciency range from <110 pmol/L to < 250 pmol/L,
depending on the country®’. In Argentina, most
laboratories take a lower cut-off point of around
200 pmol/L.

Only a small fraction (between 5 and 20%) of
total B12 levels correspond to the B12-holoTC-II
complex, i.e. active vitamin B12. That is why, in re-
cent years, interest has arisen in the specific mea-
surement of the B12-holoTC-II complex. However,
the reference values for holoTC-II are highly de-
pendent on the biochemical assay, and the cut-off
points for deficiency or sufficiency are not well de-
fined, which leaves a wide range of values indeter-
minate, all of which limits its clinical use.

Functional markers: homocysteine and
methylmalonic acid

Homocysteine

Homocysteine is a sulfur amino acid not found
in foods but produced as an intermediate of me-
thionine metabolism. Its accumulation in the
blood has been linked for decades to adverse ef-
fects at the cardiovascular, neurological and oxi-
dative levels®. It is considered a useful, although
non-specific, functional biomarker for the indirect
diagnosis of nutritional deficiencies, particularly
vitamin B12, folate (B9) and pyridoxine (B6). In
people with B12 deficiency, increased homocyste-
ine may be the first indication, even with serum
cobalamin values within the reference range.

Vitamin B12 in vegetarian diets

Homocysteine as a functional marker of B12
status is especially useful when total B12 lev-
els are in the “gray” range (200-399 pg/mL), or
if subclinical deficiency with normal serum B12
levels is suspected. It is also used to monitor re-
sponse to treatment with B12 and/or folates. Al-
though the normal ranges are defined between
5 and 15 pmol/L, population studies have shown
that maintaining homocysteine levels below 10
pmol/L is associated with a lower risk of cog-
nitive impairment and brain atrophy. Optimal
levels of homocysteine and methylmalonic acid
correlate with serum vitamin B12 values above
400 pmol/L, and for this reason we consider this
value as the minimum desirable”.

It is important to notice that homocysteine
can be elevated by numerous factors, includ-
ing deficiency of other B vitamins (folate and
B6), smoking, alterations in liver, kidney, or thy-
roid function, inflammatory diseases, high con-
sumption of coffee, various drugs, and genetic
polymorphisms?®?e.

Methylmalonic acid

Elevated levels of methylmalonic acid are a
more direct functional measure of vitamin B12
deficiency, because cobalamin is the only co-
factor required by the enzyme that degrades
it. However, the cut-off points for methylma-
lonic acid are not well established. In addition,
methylmalonic acids levels are dependent of
other factors such as age, hydration status,
kidney function, and the presence of polymor-
phisms?2%. It should be noted that, in Argentina
and many other countries, the measurement of
methylmalonic acid is carried out by very few
laboratories, is expensive, and the cost is not
usually covered by health insurance companies,
all of which markedly limits its use.

Integrating current knowledge, the availabil-
ity of complementary studies in our setting, and
clinical experience, we propose a diagnostic al-
gorithm of vitamin B12 status in adults with a
vegetarian or vegan diet (see Figure 1).

Vitamin B12 status in people on
vegetarian and vegan diets

Not surprisingly, evidence shows that people
who follow vegetarian diets (including lacto-ovo
vegetarians and vegans) have considerably low-
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Figure 1 | Proposed algorithm for vitamin B12 status assessment
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*If clinical suspicion of deficiency or consumption of B12 analogues, measure functional biomarkers
**Consider alternative causes for elevation, age and sex cut-off points, and laboratory validation

er vitamin B12 status than those who consume
meat, which can lead to deficiency and even se-
vere clinical manifestations.

A study of the EPIC-Oxford cohort, which in-
cluded 6673 vegetarians and 803 vegans, evalu-
ated the intake of cobalamin exclusively from
food, and showed that the intake of this vitamin
in vegetarian diets was much lower than those
that included meat, especially in vegan diets
in which, as expected, it was virtually absent.
In vegans, the use of vitamin B12 supplements
reached 50% in the initial survey and fell to 20%
at the second follow-up?. This is certainly con-
cerning, as a large percentage of people on this
diet had virtually zero intake of this essential
nutrient, which could have potentially serious
consequences.

A systematic review with meta-analysis,
which included 17 observational studies and 2
clinical trials, showed that people with vegetar-
ian and vegan diets had lower levels of serum
vitamin B12 and holo TC-II, and higher levels
of homocysteine and methylmalonic acid, than
those with omnivorous diets?. Notably, vitamin
B12 supplementation markedly improved B12
status in vegans. See Table 1.

In the Adventist Health Study-2, which includ-
ed more than 71,000 individuals (more than
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half with some variant of vegetarian diet), it
was observed that, although the median intake
of cobalamin in vegans was lower than in non-
vegetarians, the levels reported exceeded the
minimum recommended levels in all cases (7.1
and 6.3 pg/day respectively). In fact, those who
followed semi-vegetarian, pesco-vegetarian, or
lacto-ovo vegetarian diets had a higher intake
than non-vegetarians (median of 8.3, 8.5, and
8 pg/day, respectively)?*. This study considered
cobalamin intake from both food and supple-
ments, which shows that vitamin B12 deficiency
may not be a problem when vegetarian diets are
properly planned, including regular intake of
fortified foods and/or cobalamin supplements.
Supporting this point, a recent systematic re-
view and meta-analysis of 4 studies conducted
in the population of Seventh-day Adventists
found no significant differences in serum vita-
min B12 levels or B12 intake among vegetarians,
vegans, and omnivores, which would be due to
the extensive consumption of vitamin B12 sup-
plements and fortified foods in this population?.

Currently, there is no dispute that diets that
exclude foods of animal origin, or that incorpo-
rate them in limited amounts, should consume
a safe source of vitamin B12 in the form of sup-
plements or fortified foods>®.
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Table 1 | Markers of vitamin B12 status according to type of diet

Serum B12
(pmol/L)
Vegans 249.4 (87.8)
Vegetarians 252 (85.7)
Omnivores 384.9 (109.6)
Vegans with supplementation* 276.9 (154)
Vegans without supplementation 183.9 (85.7)

Holo TC AMM Hcy
(pmol/L) (nmol/L) (umol/L)
62.9 (33.9) 289 (263) 13.4 (7.8)
60.6 (36.6) 213.7 (173.2) 12.5 (5.2)
75.5 (28.6) 180.5 (89) 9.7 (3.8)
43 (30.4) 340.1 (429.2) 11.4 (5.2)
26 (26) 484.5 (678.9) 14.4 (9.8)

HoloTC: holotranscobalamin; MMA: methylmalonic acid; Hcy: homocystein
*Includes vitamin B12 supplements or multivitamins containing vitamin B12, without specifying dosage

Values expressed in Mean (SD)
(Adapted from Ref. 23)

Vitamin B12 supplementation in people
with vegetarian and vegan diets

Chemical form

We recommend the use of cyanocobalamin,
as it is the most studied, chemically stable, ef-
fective, economical and available form??. The
cyano group is used because of its great affinity
to cobalamin, which gives stability to the formu-
lation, and allows its use in supplements and
fortified foods. Other forms of vitamin B12, such
as methylcobalamin and adenosylcobalamin are
also a possible, although they are less studied in
clinical trials, less stable, and usually more ex-
pensive. In the case of people with higher circu-
lating levels of cyanide, or impaired elimination
(severe smokers, advanced renal failure), the use
of methylcobalamin can be considered, since the
cyanocobalamin group could contribute to rais-
ing cyanide levels even more. Nevertheless, it
should be noted that the cyanide contribution of
cyanocobalamin supplements is minimal, and is
well below the daily doses of cyanide ingested in
a standard diet.

Route of administration

A 2018 systematic review of the Cochrane col-
laboration compared the effectiveness of oral
versus intramuscular vitamin B12 administra-
tion, with no significant differences reported in
normalizing B12 levels, although the small num-
ber of studies and some methodological limita-
tions should be considered?. The advantage of
the oral route lies in its greater acceptance, low-
er cost, and its effectiveness in restoring vitamin

B12 status, which is why it is recommended in
the first instance as long as there are no malab-
sorptive disorders.

Sublingual administration has the advan-
tage of direct absorption by sublingual capillar-
ies, which makes possible to treat people who
are deficient in B12 and have deglutory and/or
absorption alterations, such as previous bariat-
ric surgery, gastrectomy, chronic gastritis, in-
flammatory bowel disease, SIBO, celiac disease,
chronic antacid treatment or metformin or oth-
er conditions that can affect absorption. In these
cases, the sublingual route is of choice, since its
absorption is direct, does not have gastrointesti-
nal interactions, and may allow avoiding the in-
tramuscular route (more invasive and painful)?.

Injectable hydroxocobalamin is usually re-
served for severe deficiencies with neurologi-
cal involvement, for patients who cannot take
the supplement orally or sublingually, or who
are unable to normalize their B12 status despite
treatment by any of the other routes of admin-
istration.

Dosing

Oral supplements are absorbed by paracel-
lular transport, which has a very low efficiency
(1-2%), so mega doses are usually needed. Hein-
rich’s equation, developed in 1967, describes the
absorption of a single dose of cobalamin, up to
10,000 mcg, such that: amount absorbed = 1.5D/D
+ 15+ (1 -1.5/D + 1.5) x 0.009 x D, where D =
dose administered®. In summary, the equation
describes that the percentage of vitamin B12 ab-
sorption decreases as the given dose increases.
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For this reason, more frequent supplementation
schedules require lower doses while, in sched-
ules with longer intervals between doses, higher
doses are needed to compensate for the lower
absorption efficiency. It should be noted that
oral B12 supplements are best absorbed on an
empty stomach, and this condition is assumed
in the equation.

To establish the supplementation dose, two
situations must be differentiated: people with-
out deficiency, who must achieve the cobalamin
recommended daily intake (RDI) to achieve op-
timal status and prevent deficiency (we will re-
fer to this situation as “maintenance”), and the
treatment of established vitamin B12 deficiency.

Maintenance

We suggest supplementation in doses of
2.000-3.000 pg/week, preferably cyanocobala-
min, distributed at convenience according to
patient preferences. These doses allows to reach
an equivalent intake close to that proposed by
EFSA™X.

Smaller daily doses are more physiological
but could compromise adherence. In our clini-
cal experience, a weekly intake is effective in
sustaining a normal vitamin B12 status for most
people.

In the case of not having the possibility of
measuring the vitamin B12 status with a blood
test, we suggest to initiate empirical supple-
mentation in maintenance doses to anyone who
adopts a vegetarian or vegan diet, to prevent vi-
tamin B12 deficiency. Although it has been de-
scribed that the human liver can store cobala-
min for years, in clinical practice it is common
to detect low levels of this vitamin shortly after
starting a vegetarian or vegan diet. This could be
due to a number of reasons, such as the gradual
(sometimes unperceived) reduction in the ani-
mal foods consumption long before the consul-
tation, and dietary factors (for example, diets
high in fibre hinder enterohepatic reabsorption
of vitamin B12).

Although there is no established frequency
for routine monitoring B12 status, we consider
that an annual analysis is reasonable in the
“maintenance” setting. This frequency can be
modified based on the health care provider clini-
cal judgement.
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Deficiency treatment

We suggest a dose of cyanocobalamin of 7000
to 15 000 pg/week, preferably distributed in at
least 2 or 3 weekly doses, and a new control at
8 weeks, which is enough time to improve the
signs and symptoms caused by a vitamin B12
deficiency®*2. In the event of no improvement,
it should be investigated if the patient is tak-
ing the supplement adequately or if there are
conditions of impaired absorption, in which
case the sublingual route should be considered,
as detailed above. If B12 deficiency persists de-
spite treatment, referral to a specialist for fur-
ther study is suggested. In the case of severe
symptoms, especially neurological, treatment
with intramuscular hydroxycobalamin in doses
of 1000 mcg/day should be initiated. This being
the case, management by a specialist is strongly
suggested from the start.

Figure 2 presents the proposed algorithm for
vitamin B12 supplementation.

Vitamin B12 toxicity (B12 hypervitaminosis)
Serum vitamin B12 values are considered
high at levels above 970 pg/ml, and very high at
levels above 1500 pg/ml*. Although cobalamin
is a water-soluble and non-toxic vitamin, in the
face of high concentrations of vitamin B12, the
synthesis of haptocorrin, which has a greater
binding capacity to vitamin B12 than holoTC-II,
increases considerably. This can cause a lower
concentration of the B12-holoTC-II complex (ac-
tive vitamin B12), and thus a functional deficien-
cy of vitamin B12. For this reason, in the context
of supplementation, caution should be taken to
control serum vitamin B12 levels and not to use
excessive doses, since the clinical manifesta-
tions of high levels of cobalamin may paradoxi-
cally be similar to those of its deficiency?®**.

Conclusions

Vitamin B12 is a critical nutrient in vegetar-
ian and vegan diets. Health care providers must
have a proactive attitude regarding supplemen-
tation, deficiency screening and timely treat-
ment. Vitamin B12 supplements are inexpen-
sive, effective, and safe, which makes it easy to
avoid health problems related to vitamin B12
deficiency. Unfortunately, it is still common for
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Figure 2 | Proposed algorithm for vitamin B12 supplementation n in adults with vegan or vegetarian diets
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professionals to resist the assessment of vita-
min B12 status and its supplementation in in-
dividuals following vegetarian and vegan diets,
putting the health of this population at risk. We
hope that this document sheds light on this im-
portant topic and provides the foundations for
a better clinical approach.
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