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How prevalent is vitamin B, deficiency among vegetarians?

Roman Pawlak, Scott James Parrott, Sudha Raj, Diana Cullum-Dugan, and Debbie Lucus

Vegetarians are at risk for vitamin B, (B12) deficiency due to suboptimal intake. The
goal of the present literature review was to assess the rate of B12 depletion and
deficiency among vegetarians and vegans. Using a PubMed search to identify
relevant publications, 18 articles were found that reported B12 deficiency rates
from studies that identified deficiency by measuring methylmalonic acid,
holo-transcobalamin Il, or both. The deficiency rates reported for specific
populations were as follows: 62% among pregnant women, between 25% and
almost 86% among children, 21-41% among adolescents, and 11-90% among the
elderly. Higher rates of deficiency were reported among vegans compared with
vegetarians and among individuals who had adhered to a vegetarian diet since birth
compared with those who had adopted such a diet later in life. The main finding of
this review is that vegetarians develop B12 depletion or deficiency regardless of
demographic characteristics, place of residency, age, or type of vegetarian diet.
Vegetarians should thus take preventive measures to ensure adequate intake of this

vitamin, including reqular consumption of supplements containing B12.

© 2013 International Life Sciences Institute

INTRODUCTION

Vitamin By, (B12) has the largest and most complex
chemical structure of all vitamins.' It is named cobalamin
because cobalt is a part of its chemical structure. Cobal-
amin belongs to a group of cobalt-containing compounds
known as corrinoids.*® Some of these compounds are
biologically inactive in humans, while methylcobalamin
and adenosylcobalamin are biologically active. Hydroxy-
cobalamin and cyanocobalamin constitute two additional
forms that may be metabolized into either methylcobal-
amin or adenosylcobalamin and can thus play functional
roles in human cells.

B12 is an essential nutrient important in transferring
the methyl group in a methionine synthase-requiring
reaction, which converts homocysteine to methionine.
This reaction activates folate, which can be utilized in

DNA synthesis. B12 is also needed in the synthesis of
myelin and thus the maintenance and repair of neural
axons. In addition, B12 is essential for the synthesis of
energy in mitochondria and for erythropoiesis in bone
marrow.*’

B12 is only synthesized by microorganisms and is,
thus, not found in foods of plant origin, except through
contamination with soil or by exposure to foods contain-
ing B12, such as milk solids during processing or in foods
fortified with this vitamin*® Since vegetarians have
limited natural sources of B12 (milk, dairy, and eggs), the
presence of B12 in plant-based diets depends on the
inclusion/exclusion of foods of animal origin, consump-
tion of foods fortified with B12, or the use of B12 supple-
ments. Although B12 deficiency was once thought to be
extremely rare except among strict vegetarians, it is now
known that B12 deficiency is relatively common among
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people adhering to all types of vegetarian diets, including
lacto-ovo-vegetarian, and other population subgroups,
such as the elderly.”®

Although a variety of assessment techniques have
been used to assess B12 status, e.g., serum or plasma B12,
mean corpuscular volume (MCV), homocysteine (tHcy),
holo-transcobalamin II (holo-TCII), and serum or
urinary methylmalonic acid (MMA), the newest research
findings indicate that MMA and holo-TCII are the most
accurate, while serum or plasma B12 and MCV are unre-
liable.>>* Herbert’ suggested that holo-TCII shows a
degree of B12 depletion while MMA indicates the extent
of deficiency. He further indicated that the progression
from normal B12 status to deficiency passes through a
stage called depletion and that holo-TCII is the best
marker of this stage, while MMA is the best marker of
B12 status when stores are exhausted and deficiency has
been reached.” Herbert (as well as others) also suggested
that more than one assessment technique should be used
to determine B12 status. As reported by Antony,"
researchers who reported B12 status among vegetarians
based on the use of serum B12 level as a marker of B12
status likely underestimated the rate of deficiency due to
the inherent inaccuracy of this assessment method. The
goal of the present review was to assess B12 depletion and
deficiency among people adhering to different types of
vegetarian diets based on studies that reported B12 status
from measurements of serum holo-TCII and/or serum or
urinary MMA.

To achieve this goal, a PubMed search was performed
using the following key words: B12, cobalamin, vegetar-
ians, vegans, and deficiency. The titles and abstracts of the
resulting publications were then screened to identify
manuscripts in which reports of B12 status among veg-
etarians were based on the use of holo-TCII, MMA, or
both. The reference lists of manuscripts selected initially
were then checked to search for additional manuscripts
that may not have been identified in the initial PubMed
search. Research manuscripts that reported the use of
either of the two assessment techniques, but reported
only means or medians without percentages of the
sample with abnormal values, were excluded.

RESULTS

A total of 18 manuscripts meeting the inclusion criteria
were identified."*® The studies included very heteroge-
neous samples that incorporated pregnant women,"
infants,”” children,***® adolescents,'"**** adults, and the
elderly.'*'*'>?* They included male and female partici-
pants who adhered to different types of vegetarian diets:
semi-vegetarian, macrobiotic, lacto-vegetarian (LV) or
lacto-ovo-vegetarian (LOV), vegan, and vegan raw food.
Two of the reviewed manuscripts utilized urinary MMA,
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eight used serum MMA, one used both urinary and
serum MMA, while seven reported the use of both MMA
and holo-TCII (four of these studies reported separate
rates for depletion and deficiency, while three described a
rate for participants who had both low holo-TCII and
elevated MMA). Assessment of what constituted defi-
ciency was the same across studies for holo-TCII
(<35 pmol/L) and urinary MMA (>4.0 ug/mg creati-
nine), while the serum MMA cutoff value varied widely,
from >260 umol/L to >0.75 pmol/L. Assessment subjects
included individuals of various ethnic backgrounds and
living in a variety of countries, such as China (including
Hong Kong),”* Germany,'*?*** Ethiopia," India,*
New Zealand,”® the Netherlands,'>'®"***** Norway,”
Oman,"” and the United States.”

Pregnant women

Only one of the studies included pregnant women." This
study was conducted in Ethiopia and included partici-
pants whose diet was based on either maize or enset. The
reported prevalence of B12 deficiency, defined as MMA
>271 nmol/L, was 62%.

Infants and children

One study reported the prevalence of B12 deficiency
among 41 Norwegian infants.” Deficiency (MMA
>0.43 umol/L) was detected among 85.4% of the sample.
Two studies, one from the United States” and the other
from New Zealand (evaluating Asian Indian migrants),*
examined the prevalence of B12 deficiency among chil-
dren. The American children followed a macrobiotic diet,
while the Asian Indians in New Zealand were LOVs. The
prevalence of B12 deficiency was estimated to be 55%
among US children (67% among children who followed a
vegetarian diet all their life versus 25% among other veg-
etarian children) and 50% among children of Asian
Indian origin. B12 deficiency was defined as urinary
MMA >4.0 mmol/mol creatinine in the US study and
serum MMA >430 nmol/L in the New Zealand study.

Adolescents

Two of the reviewed studies assessed B12 deficiency
among children and adolescents (ages 9-15 years).'"* In
both cases, participants adhered to a macrobiotic diet in
the first 6 years of their lives and subsequently switched to
an LV, LOV, or omnivorous diet. Prevalence of deficiency
was 41% in one of the two studies, with deficiency defined
as MMA >290 nmol/L; in the other study, deficiency
prevalence was 21% with deficiency defined as MMA
>410 nmol/L.
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Adults and the elderly

Twelve studies assessed B12 deficiency in non-pregnant
adults, including young adults and the elderly.'>'>'>* The
prevalence of depletion or deficiency was reported as
follows: 32% and 43% among young adult LVs or LOVs
and vegans, respectively, with deficiency defined as MMA
>271 nmol/L; 47% among raw food vegans, with defi-
ciency defined as MMA >4.0 ug/mg creatinine; from 30%
through 76% of adults depending on the definition of
deficiency (MMA >4.0 ug/mg creatinine versus MMA
>0.260 pmol/L); and 90% among vegans (depletion
defined as holo-TCII <35 pmol/L). Prevalence among
vegans in the United Kingdom was 11%. However, the
criterion for deficiency used in this study was two to three
times higher than in most other studies.

Detailed features of the studies, including rates of
depletion and deficiencies, are listed in Table 1.

DISCUSSION

In this review, the rates of B12 depletion and deficiency
were assessed through an evaluation of published studies
that included participants adhering to different types of
vegetarian diets. One of the main findings is that vegetar-
ians develop B12 deficiency (assessed with holo-TCII,
MMA, or both) regardless of demographic characteris-
tics, place of residency, age, or the type of vegetarian diet
consumed. In the past, it was assumed that only strict
vegetarians (vegans) were at risk for B12 deficiency, but
for some time now, and as this review confirms, it has
been known that not only vegans commonly develop B12
depletion or deficiency.”*” Depending on the criterion
used, the prevalence of B12 depletion or deficiency
among vegetarians ranged from about 11 to 90%. Lower
rates were reported in studies that used less stringent
deficiency criteria (e.g, MMA >0.75umol/L vs
>0.271 umol/L) and in studies in which participants met
two different deficiency criteria (e.g., low holo-TCII and
elevated MMA). In three of the four studies that reported
rates of depletion (low holo-TCII) and deficiency
(elevated MMA) separately, the rate was higher for holo-
TCII than for MMA.

The deficiency rate among infants and children was
at least equal to that of adults and the elderly. Higher rates
were reported among children who followed a vegetarian
lifestyle from birth, compared to those who adopted it
later in life."”?* This finding is likely due to low maternal
B12 stores that resulted in low stored B12 in offspring
during infancy and childhood.

Two of the reviewed studies reported B12 deficiency
separately among LVs or LOVs and vegans.'®"” Herrmann
etal. 2001" found that 32% of the LOVs and LVs were
B12 deficient, while the rate was 43% among vegans.
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Herrmann et al. 2003" additionally found that 31% of the
LOVs and LVs who took B12-containing supplements
were deficient, compared to 68% of LOVs and LVs who
did not take such supplements. Surprisingly, the rate of
deficiency was higher among vegans who used B12-
containing supplements (88%) than among those who
did not use them (83%). On the other hand, in a study by
Gilsing et al.,"” the prevalence of B12 deficiency was the
lowest (11%) among vegans, 19% of whom used B12
supplements.”” However, Gilsing et al.,”” used the least
stringent criteria of B12 deficiency (MMA >0.75 umol/L
versus 271 nmol/L in several other studies). The fact that
even supplement users were diagnosed with deficiency
may be due to two factors: 1) using them less frequently
than needed and 2) using supplements with a lower dose
than needed to maintain adequate B12 status. While
supplements have been shown to be effective in correct-
ing B12 deficiency,'*****" according to one study, the
dose of B12 in a supplement should be about 100 times
higher than the RDA.? Also, in cases of deficiency, a dose
that is at least 200 times higher than the RDA may need to
be ingested to achieve the most desirable results.”
Although B12 deficiency is associated with a host of
adverse symptoms, Herrmann et al.,"” indicated that none
of the vegetarians included in their study had clinical
symptoms despite the fact that about two-thirds of the
sample had B12 depletion or deficiency, as indicated by
both low holo-TCII and elevated MMA. According to the
stages of B12 deficiency developed by Herbert,” although
this is not always the case, clinical manifestations of B12
deficiency (stage IV) develop after biochemical deficiency
is present (stage III). In addition, Herbert suggested that
low holo-TCII is an indication of B12 depletion and
elevated MMA indicates a deficiency.’ Thus, symptoms of
deficiency, at least the severe symptoms, may not be seen
with low values of holo-TCII or even in higher-than-
normal values of MMA. However, one has to be careful
with concluding that biochemical indicators of B12 defi-
ciency in vegetarians are not associated with any adverse
symptoms. Deficiency symptoms of this vitamin may be
mild to severe. Mild symptoms, such as lethargy or for-
getfulness may not even be detected or may be associated
with other issues, such as aging or tiredness due to other
reasons. One should also keep in mind that even some
hematological symptoms, such as elevated mean corpus-
cular volume of erythrocytes, may not be shown in bio-
chemical assessments. This is because such symptoms
may be masked by either iron deficiency or high intake of
folate. Vegetarians are more likely to have both. In addi-
tion, Herbert suggested that while it may take a relatively
long time for B12 stores to be depleted, once depleted,
symptoms of deficiency, of which some are irreversible,
may occur rapidly.” Furthermore, Herrmann and Geisel®
suggested that the function of B12-dependent enzymes,
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methionine synthase and methylmalonyl-CoA mutase,
are already impaired at stage III deficiency. This may lead
to a variety of problems, including hyperchomocysteine-
mia, which is associated with many health problems.

Food sources of B12

The Institute of Medicine’s recommended dietary allow-
ance (RDA) of B12 needed to meet an adult’s require-
ment as 2.4 ug per day. B12 is synthesized only by
microorganisms, and this is why natural food sources
of B12 are limited to meats and foods of animal origin.
Clams and beef liver are the highest sources of B12, con-
taining about 84 and 71 ug of B12 in a 3 oz serving.® The
amount of B12 found in a chicken varies from about
3.3 ug in the entire chicken liver to 0.03 ug in a chicken’s
neck® Pork contains between 0.3 ug of B12 in each
sausage patty to about 11.4 ug in pork liver.® The content
of B12 in fish ranges from about 9 [Lg in one half of a fillet
of sockeye salmon to about 0.5 ug in a 3 oz serving of
yellowfin tuna.®

Vegetarian sources of B12 include milk, which con-
tains between 0.3 and 0.4 ug/100g of B12, with an
absorption rate of about 65%. The B12 content of cheese
or cottage cheese ranges from 20 to 60% that of milk. The
amount of B12 in a whole egg is between 0.9 and 1.4 ug/
100 g. B12 can be destroyed by heat and, thus, boiling
milk can destroy 30-50% of B12, depending on the dura-
tion of cooking.>***

In the United States, many commercial food prod-
ucts are fortified with B12, including a variety of breakfast
cereals, soy milk, and certain soy meat analogs. These
foods contain B12 in amounts ranging from less than the
RDA to more than 200% of the RDA.

Supplements and fortified foods. In the United States and
some other countries, pharmacies and health food stores
alike offer B12-containing supplements, mostly as cyano-
cobalamin. Other forms of this vitamin, such as methyl-
cobalamin and hydroxycobalamin, are also available. The
doses of cyanocobalamin used in supplements include
100, 250, 500, 1,000, 3,000 and 5,000 ng. Nutritional yeast
may also be fortified with B12, and approximately two
tablespoons typically contains the amount equal to the
US RDA. Results of a study conducted by Donaldson'
showed, however, that supplements were more effective
than nutritional yeast in correcting deficiency.

Prevention and treatment of deficiency

Vegetarians have very limited and vegans have no food
sources that naturally contain B12.? Biochemical values of
B12 deficiency among vegetarians correlate with B12
intake.”**® While it is theoretically possible to ingest an

Nutrition Reviews® Vol. 71(2):110-117

adequate amount of B12 from milk, dairy products, and
eggs or from foods fortified with B12, not all vegetarians
and few vegans consume the required amount of these
products. Also, as indicated by this review, B12 deficiency
is common among people adhering to all types of veg-
etarian diets, which could indicate that adequate intake
might be much harder to achieve than it may seem or that
other factors, in addition to relatively low intake, play a
role in deficiency development. It should be emphasized
that a study performed in the New England region of the
United Stated found that deficiency among macrobiotic
vegans reached 30% in adults and 55% in children.” This
is important because many foods including cereal or soy
products are fortified with B12 in this country. Thus,
while B12 deficiency can theoretically be avoided by con-
suming milk, dairy, eggs, foods fortified with B12 and by
using nutritional yeast, a prudent strategy to prevent B12
deficiency should include the use of B12 supplements.
Supplements, when taken in an adequate dose, are very
effective in both the prevention and treatment of B12
deficiency and are very cost effective.'> However, many
vegetarians, for different reasons, refuse to take B12
supplements.”” This is largely due to various misconcep-
tions, including the belief that it takes many years for B12
deficiency to develop.” This belief assumes that most
people have adequate stores of B12%; however, this is very
unlikely, especially in long-term vegetarians and vegans.
Results of studies that included either Asian Indians or
children consuming a macrobiotic diet, with both groups
consuming a vegetarian diet from birth, showed they had
higher rates of B12 deficiency than subjects who adhered
to vegetarianism for a shorter time period."”*®

Studies do not support the position that it takes up to
20 or 30 years to develop a deficiency.” According to
Donaldson,"> 47% of the sample developed a deficiency,
and most of these individuals had adhered to a raw vegan
diet for between 23 and 49 months or about 2-4 years. In
a study conducted by Herrmann et al."” 66% of German
participants who had adhered to a vegetarian diet for at
least 2 years were found to be B12 deficient.

A healthy enterohepatic circulation is needed for
efficient B12 absorption.” B12 is secreted with bile and
can be reabsorbed. As pointed out by Herbert,’ the rate of
reabsorption of B12 can reach up to 100%; however, B12
can only be reabsorbed in the presence of intrinsic factor.
Vegetarians can be considered a group at high risk for
atrophic gastritis, which affects intrinsic factor synthesis.
This is, in part, due to the fact that vegetarians are at
higher risk for iron deficiency. Iron deficiency can con-
tribute to gastric mucosa damage, which leads to atrophic
gastritis. Atrophic gastritis is associated with synthesis of
weaker hydrochloric acid and an inability to synthesize
intrinsic factor. Both conditions can lead to a reduced or
absent ability to absorb B12.
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Many people who adopt a vegetarian or vegan life-
style do so for health reasons. Since B12 deficiency is
associated with higher risk of some of the very health
conditions vegetarians are trying to avoid (e.g., occlusive
vascular disease, Alzheimer’s disease/dementia, osteo-
porosis, etc.),”>* this knowledge might encourage veg-
etarians to take B12 supplements. Thus, public health
campaigns targeting vegetarians should include mes-
sages conveying the risk of developing specific health
conditions due to B12 deficiency.

Some scientists have proposed that flour be fortified
with B12. Fortification of flour with folic acid contributed
to increases in the folic acid content of red blood cells,
decreases in total homocysteine, and consequent reduc-
tions in rates of neural tube defects.” It is reasonable to
assume that a similar preventive measure with B12 would
have the same effect in terms of reducing rates of B12
deficiency. B12 deficiency is associated with a variety of
health issues, including low mineral density,"” increased
risk for heart disease,”® and neural tube defects.*>*
Thus, the fortification of flour with B12 could prove to be
the most cost-effective solution in terms of prevention of
these and other B12 deficiency-related symptoms and
conditions.

CONCLUSION

The present review of the literature regarding B12 status
among vegetarians shows that the rates of B12 depletion
and deficiency are high. It is, therefore, recommended
that health professionals alert vegetarians about the risk
of developing subnormal B12 status. Vegetarians should
also take preventive measures to ensure adequate intake
of this vitamin, including the regular intake of B12
supplements to prevent deficiency. Considering the low
absorption rate of B12 from supplements, a dose of at
least 250 ug should be ingested for the best results.’
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