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Abstract

Vitamin B, is an essential nutrient that is not made by plants; consequently, unfortified plant-based foods are not a reli-
able supply. Recent estimates suggest high rates of vitamin B, deficiency among the vegetarian and vegan populations,
particularly in pregnant women or women of child-bearing age who, for ethical and health reasons, are shifting towards
higher consumption of plant-based foods in ever-increasing numbers. Vitamin B, plays crucial metabolic roles across the
life-course and in particular during pregnancy and in early development (first 1000 days of life). Evidence now implicates
vitamin B, deficiency with increased risk to a range of neuro, vascular, immune, and inflammatory disorders. However,
the current UK recommended nutrient intake for vitamin B,, does not adequately consider the vitamin B, deficit for those
choosing a plant-based diet, including vegetarianism and in particular veganism, representing a hidden hunger. We provide
a cautionary note on the importance of preventing vitamin B, deficits for those individuals choosing a plant-based diet and
the health professionals advising them.
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Key Recommendations to prevent vitamin B12

deficits for individuals choosing a plant-based
diet:

A daily vitamin B12 supplement taken with other foods
for optimal absorption.

Check food packaging labels for vitamin B12 fortified
products when opting for plant-based animal alternative
diets.

Be aware that vitamin B12 deficiency can occur without
developing anaemia and often neurological symptoms are
more commonly observed (fatigue, memory impairment,
cognitive changes, and depression).

Have your blood vitamin B12 levels monitored, particu-
larly if no B12-containing supplements have been taken
in the last 3-6 months.

Seek expert advice to support planning a plant-based
diet or if you are: [a] transitioning to a vegan diet, [b]
planning to become pregnant, or [c] older than 60 years
of age.

Introduction

Plant-based diets, in any form, are becoming increasingly
common in Western society [1], whether motivated by envi-
ronmental and/or animal welfare concerns or simple dietary
preferences. Dietary trends, however, should be considered
in the broader context of overall nutrition, where both
undernutrition and overnutrition increasingly have adverse
impacts on both public and planetary health, termed “The
Global Synergy” [2]. Given the steep population rise and
inevitable strains on global food supply (e.g., it is anticipated
that by 2050, the supply of animal-based products will need
to rise by 44% to sustain demands based on current global
consumption), plant-based diets offer a potentially healthier
and more sustainable solution [3].

The adoption of sustainable diets that have a positive
planetary impact implicate a reduced consumption of animal
produce [4] and with it, an insufficient intake of vitamin B,
(<4-20 pg/day). For example, the EAT-Lancet report rec-
ommends a 70% reduction in meat consumption compared
to the standard omnivore diet in the UK, and a move towards
more diverse largely plant-based diets [5]. The consequent
drop in vitamin B, intake in increasingly sustainable diets
is more rapid and severe if the person moves to a vegan
diet (and faster still if they transition from vegetarianism
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to veganism). Dietary vitamin B, intake decreases with a
greater plant-based diet, with average daily B, intake esti-
mated to be 7.2 pg in meat-eaters but only 0.4 pg in vegans
[6]. The overall reduced intake of animal produce and con-
sequently vitamin B, suggests a hidden hunger, referring to
the phenomenon of inadequacy or imbalance of one or more
nutrients in diet, despite eating plenty of food. A spectrum
of opportunity exists wherein individuals can contribute to
sustainability (consuming less animal products and more
plant-based foods, Fig. 1) while minding the importance of
monitoring and supplementing with vitamin B, to prevent
its deficiency across the life-course.

Definitions of plant-based diets

Various forms of plant-based diets exist, offering consumers
different options depending upon the food groups that are
being excluded. One of the strictest forms of plant-based
diet is a vegan diet, which eliminates all animal foods (both
meats and products, such as milk, eggs, and cheese), along
with less obvious by-products, including gelatine and honey.
Other plant-based diet categories include lacto-ovo-vegetar-
ians, who eat dairy and eggs but exclude meat and fish, ovo-
vegetarians who include eggs but exclude all other animal
products, lacto-vegetarians who consume dairy products but
exclude all other forms of animal products (including eggs),
and pescatarians who eat fish and shellfish [7]. In addition,
other popular terms are emerging, with some individuals flu-
idly labelling themselves as flexitarian, occasionally eating
fish or animal products yet primarily following a plant-based
diet. Figure 1 presents the described combination of food
intake in differing diets. With a greater inclusion of unforti-
fied plant-based foods, diets become more sustainable yet
poorer in vitamin B, content.

Factors that underpin plant-based diets as a food
choice

Apart from cultural influences, the main factors that govern
intentions to follow a plant-based diet include ecological,
ethical, and health concerns [8, 9]. There is also a growing
influence of perceived societal norms as a factor underpin-
ning plant-based diets as a food choice, adding to the pres-
sure to preserve planetary and human health [10]. These
trends in turn affect the food industry in high-income coun-
tries, where the plant-based sector has seen a 49% increase
in sales since 2018 [3]. This upsurge in the availability and
visibility of plant-based alternatives [e.g., for sources of pro-
tein], with shifts in societal norms and lifestyle, have con-
tributed to a cultural shift towards consuming plant-based
foods and fewer animal products, perceived as being more
viable, healthier, sustainable, and more economical [11].



European Journal of Nutrition (2023) 62:1551-1559

1553

Ovo-
vegetarians

Lacto-

Vegan .
& vegetarians

Lacto-ovo

. Omnivore
vegetarians

Pescatarian | Flexitarian*

Fruits,
vegetables,
legumes, and
nuts

Dairy
products

Eggs

Fish and
seafood

Meat

QOO
QOO0 O
Q00O

QOO0 O
Q0000

Vitamin B1,

found from | None

o
>

foods in [

diet*!

Sustainability | High

Lo

H

of diet

Fig. 1 Presents the pattern of consumption for different food components ranging from a vegan to omnivore diet. *A flexitarian diet may occa-
sionally consume fish, seafood and animal products but likely limit their consumption of these foods for environmental and health reasons.
* IShows the gradient of vitamin B,, found in foods from differing diets, ranging from none in vegan diets to high in omnivore (without the

intake of supplements or fortified foods).
Key: ® = avoided in diet

Fig. 1 has taken inspiration from Fig. 1 in review [19]

Dietary planning and risk of vitamin B,, deficiency
in plant-based diets

In the 2018 UK Food Standards Agency’s ‘Food and You’
survey, 3% of participants self-identified as vegetarian and
1% as vegan [12]. Importantly, a similar profile is also seen
in Western Europe and North America [8, 13, 14].

Below are quotes from different global societies of Nutri-
tion and Dietetics, which have published their expert posi-
tion statements on plant-based diets.

UK—*“Carefully planned plant-based diets can support
healthy living at every age and life stage. Plant-based diets
can help to manage weight and may reduce the risk of type 2
diabetes and other chronic diseases. You can get all essential
nutrients from plant foods but vegans need to ensure a reli-
able source of vitamin B,.” [7]

US—"“It is the position of the Academy of Nutrition and
Dietetics that appropriately planned vegetarian, including
vegan, diets are healthful, nutritionally adequate, and may
provide health benefits in the prevention and treatment of
certain diseases. These diets are appropriate for all stages

= occasionally consumed in diet ° = consumed in diet

of the life cycle, including pregnancy, lactation, infancy,
childhood, adolescence, older adulthood, and for athletes.
Plant-based diets are more environmentally sustainable than
diets rich in animal products because they use fewer natural
resources and are associated with much less environmental
damage”...... “Vegans need reliable sources of vitamin B ,,
such as fortified foods or supplement”- [14]
France—[Bulletin French Academy of Medicine]: “Veg-
etarian diets increase the risk of vitamin B, deficiency,
mainly in infants of vegetarian mothers, pregnant women,
and the elderly. The effects of vegetarian diets on B, status
in these age groups requires special attention. On the other
hand, there is a protective effect of vegetarian diets on the
risk of pathological obesity, of the other components of the
metabolic syndrome including diabetes and hypertension
and on the risk of cardiovascular diseases” [15].
Italy—“Well-planned vegetarian diets that include a
wide variety of plant foods, and a reliable source of vitamin
B,,, provide adequate nutrient intake. Government agen-
cies and health/nutrition organizations should provide more
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educational resources to help Italians consume nutritionally
adequate vegetarian diets” [16]

Germany [childhood and adolescence]—*“Vitamin B,
should be supplemented in people of all age groups who fol-
low a strict vegan diet without consuming animal products.
A vegetarian diet in childhood and adolescence requires
good information and supervision by a paediatrician, if nec-
essary, in cooperation with an appropriately trained dietary
specialist.”[17]

Spain [infants and children]—“A vegetarian or a vegan
diet, as in any other kind of diet, needs to be carefully
designed. After reviewing current evidence, even though
following a vegetarian diet at any age does not necessarily
mean it is unsafe, it is advisable for infant and young chil-
dren to follow an omnivorous diet or, at least, an ovo-lacto-
vegetarian diet.”

They also mention the need to use B, supplements at all
ages, as well as other nutrients (iodine, iron, vitamin D5, and
poly-unsaturated fatty acid n-3), when required [18].

All these statements identify vitamin B, deficiency as
arisk to health and wellbeing in both vegetarian and vegan
diets and clearly state that adopting such diets, especially a
vegan diet, requires adequate planning and continuous moni-
toring. Among the statements, Spain and Germany adopt
the most conservative position, in particular warning against
adherence to vegan diets in children. The UK statement is
less explicit, which is in line with the general UK approach
to recommendations for B, (see later). Nonetheless, they
all emphasise proper dietary planning and regular monitor-
ing as being a sensible precaution. In agreement with the
statements, we highlight the need to seek expert advice on
how to carefully plan and implement a healthful vegan diet.

Vegan diet in health and disease

Regarding vitamin B,,, we believe a cautionary note and
further clarity is required to accompany the health benefits
associated with plant-based diets, with particular attention
to vegan diets.

Vegetarian and vegan diets are associated with benefi-
cial effects on the blood lipid profile and a reduced risk of
negative health outcomes, including diabetes, ischemic heart
disease, and cancer risk [19]. While it is commonly rec-
ognised that a healthy vegan diet is associated with better
general health, independent studies on all-cause mortality
have yielded contrasting results [20—23]. Notably, there is
increased risk of micronutrient deficiencies within an unsup-
plemented vegan diet, potentially offsetting any health ben-
efits; however, more comprehensive studies are required
to establish this relationship [13, 24-27]. Specifically, an
unsupplemented diet lacks adequate amounts of a number
of micronutrients and minerals that are insufficiently found
in plants or may have low(er) bioavailability. These include
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iron, calcium, iodine, and selenium [13, 19], but the best
example is offered by vitamin B,,, also known as cobalamin.
This complex compound is only found in substantial quanti-
ties in animal products, passed through the food chain from
the bacteria that make it. In contrast, plants neither need
nor synthesise vitamin B,. Although the nutrient is often
detected routinely in algae, that is seaweeds (or sea vegeta-
bles) such as nori or microalgal products, this is again as a
result of association with B,-producing microbes [28]. As
a consequence, the bioavailability of vitamin B, may differ
from each batch sold, making them an unreliable source of
intake. Consequently, the only reliable food sources contain-
ing vitamin B, are from animal produce and adequately
fortified plant-based foods.

Vitamin B, is an integral cofactor for two vital cellular
metabolic reactions [29] and is essential for the synthesis of
blood cells and brain nerve tissue [30]. Low vitamin B, sta-
tus and overt vitamin B, deficiency among vegans and veg-
etarians are more commonly observed and reported, largely
due to low dietary exposure [13, 19, 25]. Individuals who
adhere to a vegan and vegetarian diet since birth show higher
rates of vitamin B, deficiency in comparison to vegetar-
ians who adopt such a diet later in life [19, 33]. Moreover,
existing data show a greater rate of vitamin B, deficiency
among vegans than vegetarians, although prevalence among
vegetarians is still substantial [34].

A vegan diet is associated with higher fracture risk, likely
due to low BMI (Body Mass Index) and other nutrient defi-
ciencies [35, 36]. Metabolic signs of vitamin B, deficiency
may be associated with accelerated bone turnover in those
following a vegetarian diet, potentially causing adverse
effects on bone health [37]. In addition, there is some evi-
dence showing an adverse relationship between mental
health and a vegan and vegetarian diets, particularly depres-
sion [38]. Low vitamin B, status is associated with risk of
developing neuropsychiatric and neurological disorders [39]

Vitamin B,, deficiency

It is currently unknown how long it takes for vitamin B,
deficiency to occur in individuals adopting a vegan diet.
At first, the symptoms may be subtle and often ascribed to
stress or other lifestyle events [40]. Even as more symp-
toms manifest, they may be misinterpreted, because vitamin
B, deficiency can occur without serum levels being below
the usual diagnostic cut-off for ‘deficiency’ or without an
associated diagnosis of megaloblastic anaemia [31]. Signs
and symptoms include cognitive changes (such as depres-
sion, memory impairment, confusion, psychosis, and tired-
ness) and dyspnoea, whilst the neurological complications
may cause loss of sensation, postural hypotension, muscle
weakness, or loss of mental and physical drive [41, 42]. In
any diet, low vitamin B, status warrants attention given its
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association with increased risk of a myriad of clinical conse-
quences, including the neurological conditions noted above.
It is also associated with pregnancy complications, includ-
ing developmental anomalies, spontaneous abortions, preec-
lampsia, and low birth weight (<2500 g)[43, 44]. Adequate
vitamin B, status periconceptionally and during pregnancy
is vital for neural myelination, brain, and cognitive devel-
opment and growth in the infant. Deficiency during these
critical times may result in adverse effects that may be irre-
versible [45]. In older adults, vitamin B, deficiency is more
commonly observed due to the high rate of atrophic gastritis,
accompanying vitamin B, malabsorption and the increasing
incidence of pernicious anaemia with increasing age, which
can occur irrespective of their dietary choices [46].

Current recommendations for vitamin B,, in the UK
and beyond

The UK's recommended nutrient intake (RNI) for vitamin
B, is currently set at 1.5 pg/day for adults and is unaltered
for pregnancy [47]. However, this differs in the USA, where
the RNI for adults is 2.4 pg/day and is modified for pregnant
and lactating women to 2.6 and 2.8 pg/day, respectively [48].
Within the European Union, the estimated average require-
ment (EAR) is 4 pg/day for adults and increases for preg-
nant and lactating women to 4.5 and 5 pg/day, respectively
[49]. Thus, the current UK recommendations for vitamin
B, are both inadequate and incomplete. Not only are they
significantly lower than in other developed countries, but
they are also unaltered for different at-risk population groups
(e.g., women of child-bearing age and pregnant women),
which are likely to have substantially higher requirements
as defined in the report issued by The Institute of Medicine
(US) Standing Committee on the Scientific Evaluation of
Dietary Reference Intakes and its Panel on Folate, Other B
Vitamins, and Choline [50]. Evidence from clinical stud-
ies shows that healthy individuals require a daily intake
of approximately 6 pg/day to optimize all biomarkers of
vitamin B, deficiency [51, 52]. As outlined in the ESPEN
micronutrient guidelines, increased physiological needs for
B, occur also with ageing, certain chronic illnesses, and the
use of certain medications [53]. Thus, a recommendation of
4-20 pg/day is more appropriate to prevent B, deficiency
across the life-course [51, 54-56].

Biomarkers of vitamin B,, status

There are several factors affecting vitamin B, status across
the life-course. Serum vitamin B, is the most common way
to measure vitamin B, levels [30]. Other serum biomark-
ers used alone or in combination—low holotranscobalamin
(holo-TC) and elevated methylmalonic acid (MMA) and
homocysteine concentrations—provide further ways to

assess status and detect vitamin B, deficiency [57]. It
should be noted, however, that metabolic evidence of vita-
min B, deficiency may be found at serum vitamin B,
levels up to as high as 350 pmol/L [31]. Previous research
has shown that individuals following a vegan diet without
consuming vitamin B,, supplements (Fig. 1) are at a much
higher risk of having low concentrations of serum vitamin
B,,, although this may not equate to cellular deficiency, and
measurement of a biomarker of cellular metabolism (such as
MMA) is needed to establish actual deficiency [58]. There-
fore, it has been suggested to use holo-TC accompanied with
MMA or homocysteine as appropriate biomarkers to identify
those exhibiting vitamin B, deficiency [59, 60].

Population groups adhering to a vegan diet
at higher risk of vitamin B,, deficiency

Women of child-bearing age, pregnant, and lactating women
adhering to an unsupplemented vegan diet are at a much
higher risk of vitamin B, deficiency, and their offspring
are at elevated risk of low birth weight and preterm births
[44, 61, 62]. Prevalence of deficiency among vegetarian and
vegan pregnant women are estimated to be 17-39% in lower
socioeconomic countries [32], but we need current and more
representative data, particularly among UK dwelling adults.
The most at-risk population are vegans who do not take any
form of vitamin B, supplements [33]. There could also be
a much greater risk to vegetarian individuals, with already
low vitamin B, status, who change to a vegan diet.

Ensuring adequate B,, intake among those
adhering to vegan diets

The British Dietetic Association (BDA) advises that those
following a vegan diet should use good manufacturing prac-
tice (GMP) certified vitamin B, supplements and consume
B, fortified foods [7]. GMP certified status supplements
prove that supplements meet the highest standards for manu-
facturing products regulated by the Food and Drug Adminis-
tration (FDA) and the European Medicines Agency (EMA).
Data from the Quadram Institute Food Databanks National
Capability from studies of the macro/micronutrient com-
position of available vegan products in the UK supermar-
kets have shown that most do not commonly or adequately
fortify their products with vitamin B, [Unpublished data:
Zhang L, Langlois E, Nikolaeva A, et al. (2021) The macro
and micronutrient composition of vegan diet and links to
health benefits]. For example, milk substitutes were found
to be far less likely to be fortified with vitamin B, than cal-
cium. UK vegans consuming typical [31] vegan diets were
found to have dietary vitamin B, intakes considerably lower
than recommended levels, consuming only 0.5 +0.08 pg/
day, approximately 10% of the B,, intakes provided in the
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average UK diet [63]. Overall, a general lack of vitamin
B,,, along with selenium and iodine, was found within
plant-based substituted foods currently available on the UK
market, indicating that they are generally not reliable alter-
natives for meeting human vitamin B, requirements. This
highlights an urgent demand for mandatory and adequate
fortification of plant-based dairy and meat alternative foods
in the UK, in particular to combat deficits in vitamin B,.
Other reports from the Food Databanks National Capabil-
ity (2019) have shown that currently available animal pro-
duce, specifically pork-derived products, have significantly
lower vitamin B, and iodine content (around one-third less)
compared with the early 1990s [64]. This is most likely due
to pigs no longer being fed animal offal, i.e., B, status in
animals is lower when provided with less animal-based
food. Using supplements within a well-planned vegan diet
or plant-based diet is likely to provide a more effective and
sustainable method to prevent overt vitamin B, deficiency
[65]. A few studies have investigated the rate of vitamin
B, supplementation practices among sub-groups following
vegan diets; this is an area for future investigation as these
sub-groups are most at risk.

Conclusions

Vitamin B, is an essential nutrient that is absent from
unfortified plant-based foods. We have aimed to provide a
cautionary note on the importance of vitamin B, to those
individuals seeking to adopt a plant-based diet and in par-
ticular a vegan diet. An appropriately planned vegan diet
has the potential to uphold a healthy and sustainable life,
but consideration of a complete diet is essential to ensure
the adequate provision of this limiting nutrient. Adverse
health effects are associated with long-term inadequate vita-
min B, status, which is more commonly observed among
those adhering to unsupplemented and unfortified wholly
plant-based diets. We specifically highlight women of
child-bearing age, pregnant and lactating women, and older
adults, as well as those individuals who are already follow-
ing a plant-based diet (vegetarians) and who transition to a
vegan diet, as these population sub-groups are most at risk.
Prevention of vitamin B, deficiency through supplementa-
tion offers an effective, economical, and sustainable way to
avoid the adverse health consequences in such situations.
We, therefore, encourage people planning for a vegan diet
to take a certified supplement of vitamin B, at a mealtime
and seek professional guidance should any symptoms relat-
ing to a possible vitamin B,, deficiency occur. Considering
the above caution, we support well-planned plant-based diets
enhanced with vitamin B, which have the ability to posi-
tively impact both human and planetary health.
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