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INTRODUCTION
In 2016, two professional organizations, the Academy of Nutrition
and Dietetics (AND) and the German Nutrition Society (DGE), each
issued conflicting with each other statements regarding a vegan
diet. According to AND, 'Well-planned vegan, lacto-vegetarian,
and lacto-ovo-vegetarian (LOV) diets are appropriate for all stages
of the life cycle, including pregnancy and lactation'.1 Yet, just a few
months earlier, DGE has stated that, 'With a pure plant-based diet,
it is difficult or impossible to attain an adequate supply of some
nutrients. The most critical nutrient is vitamin B12. […] The DGE
does not recommend a vegan diet for pregnant women, lactating
women, infants, children or adolescents'.2 To confuse the matter
further, the American Academy of Pediatrics in its Pediatric
Nutrition Handbook, in one place repeated the AND’s position,
while in another place it stated that vegan diets should not be
recommended for children.3 Most recently, the European Society
for Paediatric Gastroenterology, Hepatology, and Nutrition Com-
mittee on Nutrition, in its position paper on complementary
feeding stated that, 'Vegan diets have generally been discouraged
during complementary feeding. Although theoretically a vegan
diet can meet nutrient requirements when mother and infant
follow medical and dietary advice regarding supplementation, the
risks of failing to follow advice are severe, including irreversible
cognitive damage from vitamin B12 deficiency, and death. If a
parent chooses to wean an infant onto a vegan diet this should be
done under regular medical and expert dietetic supervision and
mothers should receive and follow nutritional advice'.4

During pregnancy, vitamin B12 (B12) deficiency and/or hyper-
homocysteinemia, which can be caused by inadequate B12 status,
have been associated with several adverse health outcomes that
include preeclampsia, recurrent fetal losses, intrauterine growth
retardation, preterm delivery, low birth weight and neural tube
defects.5–7 Infants born to mothers with inadequate B12 status
during pregnancy have a high risk of developing a variety of
hematological, neurological and developmental abnormalities
that include growth failure indicative in weight, height and/or
head circumference below 10th or even 5th percentile, anorexia,
involuntary movements, hyperpigmentation, abnormal EEG and
delays in speech development.8

Vegan diets are free of all flesh foods, eggs and dairy products
and sometimes honey. Vegan diets seem to becoming increas-
ingly popular for reasons such as health, animal welfare and the
environment. According to a recent poll based on a nationally
representative sample of 2015 adults, in the United States, an
estimated 3.7% of Americans are vegans.9 According to another
poll from 2010, conducted among 1258 children aged 8–18 years,

about 2% of that population follows a vegan diet (1% who does
not eat honey and another 1% who does).10

VITAMIN B12 STATUS OF VEGAN PREGNANT AND LACTATING
WOMEN, INFANTS AND CHILDREN
Although vegans are at risk of not meeting dietary recommenda-
tions and thus developing inadequate status of more than one
nutrients, such as eicosapentaenoic acid, docosahexaenoic acid,
calcium or iron, B12 is a nutrient of the most concern as, naturally,
B12 does not occur in products of plant origin. Studies with adults
that evaluated B12 status among vegan, vegetarian and non-
vegetarian participants showed a consistent pattern. Vegan
individuals have the lowest serum B12, the highest homocysteine
(Hcy) and the poorest status of other B12 biomarkers, such as
methylmalonic acid (MMA) or holotranscobalamin II (holoTC).
Consequently, a substantial proportion of vegans included in the
various studies have consistently shown to have suboptimal B12
status.11 In published research studies, serum B12 has been
reported in pmol/l, pg/ml (~1.35 × pmol/l) and in ng/l
(~1.35 × pmol/l). A meta-analysis, based on 17 studies (6 cohort
and 11 case–control) with 3230 participants, published by
Obersby et al.12 found the average serum B12 among vegans of
172 pmol/l, compared with 209 pmol/l among vegetarians and
303 pmol/l among non-vegetarians. Vegans had the highest Hcy
concentration from all three groups (mean and s.d. = 16.41
(4.8) μmol/l, compared with 13.91 (3.5) μmol/l among vegetarians
and 11.3 (2.89) μmol/l among non-vegetarians).12

Data regarding B12 status among pregnant and/or lactating
vegan women, infants and/or children are very limited, and most
of the research findings were published more than a decade ago.
Findings published by Carter et al.13 showed all 10 pregnant and 6
lactating women, along with all 44 children from a vegan
community living in the United States on 'the farm', having
inadequate intake of B12. Biochemical assessment showed 8% of
children, 1 month–6 years of age, having B12o80 pg/ml, 17%
having B12 between 81 and 200 pg/ml and 75% having
B124200 pg/ml. Similarly, 24% of pregnant and 17% of lactating
women had a B12 level ⩽ 200 pg/ml. B12 levels were rechecked
3 months after participants ingested B12-fortified soymilk (authors
also stated that the diet of the farm residents changed to what
they described as LOV). Serum B12 was 4200 pg/ml in all
participants. The lowest serum B12 in the follow-up assessment
was 470 pg/ml as opposed to 0 pg/ml prior to ingesting the B12-
fortified soymilk.13

Specker et al.14 compared serum B12 along with MMA
concentrations among 17 macrobiotic vegan breastfeeding
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mothers and 6 of their non-vegetarian counterparts. Among the
vegan mothers, 56% had serum B12 o200 pg/ml. They found the
vegan infants having a statistically significant higher concentra-
tion of urinary MMA (uMMA) adjusted for creatinine compared
with the non-vegan group (P= 0.05). The infants’ uMMA concen-
tration was inversely correlated with maternal serum B12
concentrations (r=− 0.681, Po0.001). Six of the 17 infants
breastfed by vegan mothers had uMMA greater than the 95th
percentile.14,15

In another published manuscript, Specter et al.16 reported B12
concentration in milk of 13 of the 17 vegan lactating mothers from
the original sample and compared it with B12 milk concentration
of 6 omnivorous counterparts. B12 milk concentration correlated
to serum B12 concentration (r= 0.787; Po0.001). Also, among
vegan mothers, B12 milk concentration was inversely correlated
with the length of adherence to a vegan diet (r=− 0.605; P= 0.03).
Most importantly, Specker et al.16 estimated that, at a B12 milk
concentration o362 pmol/l, biochemical B12 deficiency exits
indicative by raised uMMA/creatinine. B12 concentration among
the majority of the 13 vegan women in this study was below this
cutoff value with 6 of the women having B12 milk concentration
considerably o200 pmol/l.16

An important lesson can be drawn from the study by Koebnick
et al.17 Their sample did not include vegan participants but did
include 27 pregnant LOV, 43 pregnant low meat consumers and
39 pregnant controls who consumed a 'Western diet'. Koebnick
et al.17 used the following criteria for what they considered 'low
serum concentration of vitamin B12': o130 pmol/l in the first
trimester, o120 pmol/l in the second trimester, and o100 pmol/l
in the third trimester. The prevalence of B12 deficiency based on
these cutoffs in at least one trimester was found in 39% of ovo-
lacto vegetarians, 9% of low-meat eaters and 3% of the control
group (Po0.001). Also, the odds ratio of having a low serum B12
during at least one trimester was 3.9 (95% confidence interval,
1.9–6.1) times higher among LOV and 1.8 (1.0–3.9) times higher
among low meat consumers, compared with the odds among
women from the control group.
Most importantly, B12 status in this study was reported not only

as serum B12 but also as haptocorrin and holoTC. The data
showed that most of the serum B12 was found in haptocorrin and
that some participants in all diet groups actually had no B12
carried via holoTC. LOV’s median holoTC was 10 pmol/l in the first
trimester, 9 pmol/l in the second trimester and 5 pmol/l in the
third trimester (normal holoTC435 pmol/l). Nexo and Hoffmann-
Lucke18 suggested that holoTC is a better marker of B12 status
than the assessment of serum B12. Morkbak et al.19 came to the
same conclusion. According to Quadros and Sequeira,20 the
demand for B12 in the developing fetus has to be met by
maternal holoTC. Thus the bulk of LOV pregnant women had
holoTC that was vastly inadequate to supply the fetal demand.
Miller et al.21 assessed B12 status among macrobiotic adults and

children who adhered to a macrobiotic, mainly vegan
or vegetarian, diet. They had shown 55% of the 42 children,
1.5–11.7 years, having elevated uMMA/creatinine (44.3 μmol/mol
creatinine). Among those children who consumed a vegetarian
diet during their entire lifetime, 67% had elevated uMMA.21

DISCUSSION
The data on B12 status among vegan pregnant and lactating
vegan women is very limited. The same is true of available data on
infants and children born and breastfed by vegan mothers.
Nonetheless, available data indicate that an inadequate B12 status
among vegan pregnant and lactating women is a real problem.
This conclusion is further supported by several dozens of
published case studies with infants and young children who were
breastfed by their vegan mothers or who adhered to a vegan diet
since weaning and who developed a variety of B12 deficiency

symptoms that often included profound neurological and
developmental delays, including failure to thrive, cognitive and
speech delays.
Although the described-above findings regarding B12 status are

based on data collected more than a decade ago, and even
though since that time additional vegan-friendly B12-fortified
food items have been made available in grocery stores, there are
reasons to believe that these findings still hold true today.
According to data by Haddad,22 45% of vegan adults had
Hcy⩾ 15 μmol/l. B12 is the dominant factor in Hcy status among
vegetarians and vegans.23 Also, Madry et al.24 in a study with
young adults who adopted a vegan diet for a period of 5 years
showed a steady decline in serum B12 concentration that was
much more pronounced among participants who did not ingest
any foods that were fortified with B12 in comparison to those who
ingested such foods. In the only meta-analysis that assessed the
status of homocysteine among vegetarians, Obersby et al.12 stated
that those who choose to omit or restrict animal products are
destined to become B12 deficient and that most vegans can be
classified as being likely to suffer from hyperhomocysteinemia due
to a deficiency of B12.

VITAMIN B12 IN PREGNANCY
There is a strong positive relationship between maternal and fetal
B12 concentrations.25 B12 concentration in the fetal compartment
is almost double the maternal B12 level of the umbilical cord. This
indicates that there is a high demand for B12 during fetal growth
and development. The findings reported by Koebnick et al.17

indicated that vegetarian pregnant women’s B12 concentration in
holoTC was vastly inadequate to meet the high fetal demand for
this vitamin. It is reasonable to assume that vegan pregnant
women may have even poorer B12 status than the LOV
participants from the study by Koebnick et al.,17 unless they use
reliable sources of B12, such as oral supplements. Thus it is
unlikely that pregnant vegan women who do not use B12
supplements have sufficient B12 concentration to meet the
demand of their developing unborn child.

VITAMIN B12 IN LACTATION
Specker et al.16 have showed that B12 milk concentrations are
highly correlated with maternal serum B12 (r= 0.787, Po0.001).
Specker et al.16 also estimated that biochemical B12 deficiency in
breastfed infants develops when B12 milk concentration is
o362 pmol/l. B12 breast milk concentrations are lower than
maternal serum B12 concentrations.26 This finding indicates that
in order to have adequate B12 concentration in milk, vegan
lactating women need to have serum B12 considerably
4362 pmol/l. Such high serum B12 among vegan adults is
seldom observed. It is very likely that, unless oral B12 supplements
are utilized, vegan breastfeeding women may not be able to
achieve such high serum B12.

INFANTS AND CHILDREN
Reports of cases of B12 deficiency among infants and children
breastfed by vegan mothers are not rare.27 Similarly, several cases
of infant and/or toddler deaths due to B12 deficiency have been
reported. Compromised B12 status among these infants is
attributed to maternal B12 depletion.27 Symptoms usually occur
within 4–10 months of infancy, although they sometimes are seen
earlier in life and are also seen in older children. Dror and Allen27

identified the following most common symptoms seen in such
infants: 'Irritability, failure-to-thrive including a falling-off in growth
rate, apathy, anorexia, refusal of solid foods, megaloblastic anemia,
and developmental regression'. However, an array of other
symptoms may also be seen in these children. They include
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hypotonia, muscular weakness, delays in speech development,
lack of responses to stimuli, lack of interaction with people,
involuntary movements, hyperpigmentation, enlarged liver and
spleen, diarrhea, low bone mineral density and pancytopenia.28

RECOMMENDED VITAMIN B12 INTAKE
It is unclear what constitutes a sufficient intake of B12 whether via
foods fortified with B12 or by oral B12 supplement to maintain
adequate B12 status. As described above, findings reported by
Carter et al.13 showed that switching from a vegan to LOV diet and
ingesting B12-fortified soymilk resulted in a profound increase in
serum B12. No data on the actual intake of B12 after switching to
such dietary pattern was reported. Several studies have shown
that the current Institute of Medicine’s recommendation for B12
intake (2.6 μg/day for pregnant and 2.8 μg/day for lactating
women) are underestimated.29 Cases of infants with B12
deficiency born to mothers who ingested the amount of B12
consistent with the above recommendation have been described.
For example, according to Guez et al.,30 despite the fact that a
mother was treated with a multivitamin preparation that provided
2.5 μg/day of B12, in the first month of life her infant showed
clinical signs clearly attributable to B12 deficiency that included
failure to thrive and pallor. The newest recommendations for B12
intake issued by the European Food Safety Authority (EFSA) call for
intake of 4.5 μg/day during pregnancy and 5 μg/day during
lactation.31 Such amounts can be supplied via foods fortified with
B12 but the actual amount ingested depends on specific food
selections.
In the United States, foods that have been fortified with B12,

such as cereal and some soybean products, including soymilk, tofu
and soy meat substitutes, contain between as much as 6 μg to as
little as about 0.5 μg per serving.32 Thus the contribution of B12-
fortified foods to the overall intake depends on specific food
selection. In the United States, a multivitamin usually contains
6 μg and prenatal supplements usually contain between 4 and
12 μg. In combination with B12 from foods fortified with this
vitamin, taking either of these supplements would greatly
enhance B12 intake and status. Considering the importance of
adequate B12 during pregnancy and lactation, and considering
that B12 is considered non-toxic, a weekly or perhaps even
biweekly ingestion of a higher dose of B12 supplement (for
example, 250 μg) would further ensure that the status of this
vitamin is not compromised.
EFSA set adequate intake for children 7 months–6 years as

1.4 μg/day. In the United States, baby cereal products contain
considerably lower amounts of B12, 0.12–0.15 μg per serving.31

Thus suitable for infants foods fortified with B12 will unlikely
provide adequate B12. Unfortunately, few if any additional dietary
B12 sources exists for parents who want their children to follow a
vegan diet. Parents of infants may need to utilize children’s
multivitamin in order to meet the EFSA recommendation. Toddlers
should be able to ingest adequate B12 amounts from foods
fortified with B12, such as those listed in the previous paragraph.
In order to optimize intake of B12 and other nutrients, vegan
mothers would greatly benefit from dietary advice by a registered
dietitian.

SUMMARY AND CONCLUSIONS
To summarize, limited available literature shows that B12 status
among vegan pregnant or lactating women is inadequate to
supply adequate amounts of this vitamin to their fetus and/or
breastfed children. It should thus be concluded that, unless
pregnant and/or lactating vegan women habitually use reliable
B12 sources, they place their offspring at risk of B12 deficiency.
Although it might be possible to ingest enough B12 to maintain
adequate B12 status from fortified foods, the easiest way to ensure

these women have optimal B12 status is by using oral B12
supplements. Also, infants and toddlers who were weaned should
be given reliable B12 sources. It is likely that foods fortified with
B12, such as cereal, soymilk and/or other soy products, may
provide sufficient amounts of B12 for growing and developing
young children but not for infants whose B12 sources are limited.
In order to optimize intake of B12 and other nutrients, vegan
mothers would greatly benefit from dietary advice by a registered
dietitian.
It should be thus concluded that vegan diets are appropriate for

pregnant and lactating women only if these women habitually use
reliable B12 sources, preferably oral supplements. In light of
available research findings, it is also correct to conclude that the
recommendation stated in the DGE position paper: 'Persons who
nevertheless wish to follow a vegan diet should permanently
take a vitamin B12 supplement' seems prudent. Additional
well-designed studies need to be conducted to further clarify
the efficacy of concerns raised by the DGE and/or confirm the
efficacy of AND’s position.
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