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Abstract

Vitamin B12 (cobalamin) is essential for normal metabolic function, and even moderate deficiency of  this 
vitamin has negative health effects. Vitamin B12 is found in animal foods, and as vegetarian diets are increas-
ingly popular in Western countries, one might expect a higher prevalence of  vitamin B12 deficiency in the 
Nordic population. Setting recommendations for vitamin B12 intake has proven to be difficult, as uptake 
of  vitamin B12 varies substantially, the clinical deficiency symptoms are often diffuse, and there is no clear 
agreement on the decision limits for vitamin B12 deficiency. Vitamin B12 deficiency is reported to be partic-
ularly common among pregnant women and infants, despite the fact that less than 1% of  Norwegian preg-
nant women have a cobalamin intake below the Nordic Nutrition Recommendations 2012-recommended 
level of  2.0 µg/day. In addition, the assumption that breast milk contains sufficient vitamin B12 for optimal 
health and neurodevelopment during the first 6 months of  life does not comply with the high prevalence 
of  insufficient vitamin B12 status in this age group. Recommended intakes of  vitamin B12 vary among age 
groups and must be based on markers of  cobalamin status, indicating an optimal intracellular biochemical 
status, and not merely absence of  clinical signs of  vitamin B12 deficiency.
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The aim of this scoping review is to describe the 
totality of evidence for the role of vitamin B12 
for health-related outcomes as a basis for set-

ting and updating dietary reference values (DRVs) for 
the Nordic Nutrition Recommendations (NNR) 2023 
(Box 1). Vitamin B12 is the common term for a group of 
cobalt-containing compounds (corrinoids) that are bio-
logically active in humans. Cobalamin is used synony-
mously with vitamin B12.

Vitamin B12 has two metabolic functions. Methylcobalamin 
serves as cofactor for methionine synthase, involved in the 

transfer of a methyl group from folate to homocysteine, 
regenerating methionine. Adenosylcobalamin is a cofac-
tor for methylmalonyl coenzyme A mutase, involved in 
the metabolism of odd-chain fatty acids, amino acids, and 
cholesterol. Insufficient activity of these enzymes, due 
to vitamin B12 deficiency, results in the accumulation of 
homocysteine and/or methylmalonic acid (MMA), which 
therefore are considered functional markers of vitamin 
B12 status (1).

Vitamin B12 is produced by soil bacteria and is 
found in animal food and soil-contaminated food (2). 

Popular scientific summary
•  Vitamin B12 (cobalamin) refers to a group of cobalt-containing compounds, corrinoids, that are 

biologically active in humans.
•  Vitamin B12 is essential for normal development, metabolic and neurological function, and blood 

formation.
•  Vitamin B12 only occurs in animal foods or fortified foods.
•  Since biomarkers for vitamin B12 status have different limitations, recommendations should be 

based on a combination of biomarkers.
•  There is no consensus regarding what levels of vitamin B12 biomarkers should be considered optimal.
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Vegetarian and vegan diets are increasingly popular in 
Western countries, particularly among young women 
(3). Although these diets are considered nutritionally 
adequate and healthy when appropriately planned, spe-
cific nutritional knowledge is needed to achieve an opti-
mal vegetarian diet with regard to vitamin B12 intake and 
status. However, this is not always the case, even among 
well-educated people, and a higher prevalence of  vita-
min B12 deficiency in the Nordic population might be 
expected (4).

Vitamin B12 is essential for normal metabolic function, 
and even moderate deficiency of  this vitamin has nega-
tive health effects, particularly in young infants, where 
vitamin B12 insufficiency is associated with impaired neu-
rodevelopment (5–7). Vitamin B12 deficiency is reported 
to be common among Norwegian pregnant women 
(8) and infants (9). However, only 0.8% of  Norwegian 
mothers in pregnancy week 18 had a vitamin B12 intake 
below the recommended intake (RI) in the NNRs 2012 
of  2.0 µg/day (10), indicating that the recommendations 
may be too low.

Setting recommendations for vitamin B12 intake is dif-
ficult, and there are a number of  uncertainties to con-
sider. The absorption rate of  vitamin B12 varies from 
30 to 90%, reported estimated body stores vary from 2 
to 3 mg, and daily losses range from 1.4 to 5.1 μg. The 
vitamin B12 intake needed just to compensate for daily 
losses is estimated to be in the range from 3.8 to 20.7 µg 
per day (11). In addition, there is no clear agreement on 
what levels of  serum vitamin B12, plasma holotransco-
balamin (holoTC), the metabolic markers plasma total 
homocysteine (tHcy), and serum MMA constitute an 
optimal vitamin B12 status. It is however important to 
remember that vitamin B12 is essential for normal met-
abolic function; as long as vitamin B12 is taken orally, 
either in food or in supplements containing a moderate 
vitamin B12 content, the body will actively regulate the 
uptake in ileum, and there is no evidence that intakes 
up to 100 µg/d from foods and supplements represent a 
health risk (12).

Methods
This scoping review follows the protocol developed within 
the NNR2023 project (13). The sources of evidence 
used in the scoping review follow the eligibility criteria 
described previously (2).

The main literature search for this review was per-
formed in MEDLINE on July 1st, 2022, with a following 
search string: (b12, vitamin[MeSH Terms] OR cobala-
min[MeSH Terms]) AND review[Publication Type] AND 
(‘2011’[Date – Publication] : ‘3000’[Date – Publication]) 
AND Humans[Filter]. The number of hits was 453. Based 
on the title and abstract, a total of 32 articles were picked 
up, of which 18 were considered as relevant (11, 14–30). 
Three additional articles were identified through a sup-
plementary search (31–33). We also identified relevant lit-
erature for this scoping review via ‘snowballing’/citation 
chasing that was relevant for the background informa-
tion. No published articles were considered by the com-
mittee as a qualified systematic review (34), and a de novo 
NNR2023 systematic review was published in 2023 (35).

Physiology
Vitamin B12 refers to a group of cobalt-containing com-
pounds (corrinoids) that are biologically active in humans. 
Corrinoids also include vitamin B12 analogs, which are not 
biologically active, such as cobamides and cobinamides. 
The vitamin B12 molecule consists of a cobalt-containing 
corrin ring, a 5,6-dimethylbenzimidazole base, a sugar, 
and an aminopropanol group. A functional ligand is 
covalently bound to the cobalt at the upper axial posi-
tion, which can either be a methyl-, adenosyl-, cyano-, or 
hydroxyl group.

Absorption and intestinal transport
Dietary vitamin B12 is absorbed via an active receptor-me-
diated physiological process and via a less efficient passive 
diffusion pathway. In the acidic environment of the stom-
ach, dietary protein-bound vitamin B12 is cleaved from the 
protein by gastric enzymes and bound to salivary-derived 
haptocorrin (HC). Stimulated by food intake, intrinsic 

•  This paper is one of many scoping reviews commissioned as part of the Nordic Nutrition Recommendations 2023 
(NNR2023) project (13).

•  The papers are included in the extended NNR2023 report, but, for transparency, these scoping reviews are also pub-
lished in Food & Nutrition Research.

•  The scoping reviews have been peer reviewed by independent experts in the research field according to the standard 
procedures of the journal.

•  The scoping reviews have also been subjected to public consultations (see report to be published by the NNR2023 
project).

•  The NNR2023 committee has served as the editorial board.
•  While these papers are a main fundament, the NNR2023 committee has the sole responsibility for setting dietary 

reference values in the NNR2023 project.

Box 1. The Nordic Nutrition Recommendations (NNR) 2023 proj ect
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factor (IF) is produced by the parietal cells in the stom-
ach, and both IF and the haptocorrin-vitamin B12 com-
plex are transported to the small intestine. In the less 
acidic environment of the upper small intestine, vitamin 
B12 is released from HC, and the free vitamin B12 binds 
to IF. While HC binds all corronoids, IF for all practi-
cal purposes only recognizes and binds biologically active 
cobalamins.

The IF-vitamin B12 complex is transported to the distal 
ileum, where it binds to the cubam receptor and enters 
the enterocytes through endocytosis. The availability of 
cubam receptors is the rate-limiting factor for receptor-me-
diated absorption of cobalamin. It has been reported that 
the fractional absorption decreases with increasing dose 
(14). Bioavailability studies have demonstrated that while 
about 50% of a 1 µg oral dose is absorbed, only 5% of 
a 25 µg dose is retained. Furthermore, during the subse-
quent 4–6 h, active uptake is restricted due to regeneration 
of cubam receptors (14). In total, a maximum of ~2 μg  
vitamin B12 can be absorbed from a meal through the 
active route. Additionally, approximately 1.2% of vitamin 
B12 is absorbed passively (36). Normally, this accounts 
for a small proportion of total vitamin B12 absorption, 
but becomes relevant if  vitamin B12 is consumed in high 
doses (>50 µg). Bioavailability of vitamin B12 from var-
ious foods, as assessed by whole-body retention or fecal 
excretion, ranges from about 20% up to 90% at single 
doses of 0.25 µg to 5 µg (37). It is estimated that approxi-
mately 50% of dietary vitamin B12 is absorbed by healthy 
adults with normal gastric function (38, 39).

Transport in blood and enterohepatic circulation
Upon entering the enterocyte, IF is degraded, and free 
vitamin B12 is released into the cytosol and transported 
into the circulation through multidrug resistance protein 
1 (MRP1). In the circulation, vitamin B12 is transported 
bound to either HC or transcobalamin (TC). About 
70–90% of circulating vitamin B12 is bound to HC, which 
can be taken up by the liver through specific receptors. 
About 20–30% of circulating vitamin B12 is bound to 
TC (holoTC), which is responsible for delivering vitamin 
B12 to all tissues through endocytosis facilitated by the 
transcobalamin receptor (TCR) (14). HC-bound vitamin 
B12 has a half-life of several days compared to the half-
life of about an hour for holoTC (40). HC-bound vitamin 
B12 and vitamin B12 analogues are excreted from the liver 
through bile and cleaved from HC in the intestines. While 
the analogues are excreted in feces, vitamin B12 may be 
reabsorbed, referred to as the enterohepatic circulation.

Intracellular metabolism
Once bound to the TCR on the target cells membrane, the 
holoTC-TCR complex is taken up into the cell by endocy-
tosis. Within the lysosome, vitamin B12 is released, the TC 

is degraded, and the TCR is recycled back to the cell sur-
face. A series of vitamin B12 processing proteins facilitates 
the transport out of the lysosome (CblF/CblJ), removal 
of the upper axial ligand (CblC/CblX), partitioning to the 
cytosolic or mitochondrial compartment (CblD), and the 
formation of the two active cobalamin cofactors methyl-
cobalamin (CblE/CblG) and adenosylcobalamin (CblA/
CblB/CblH/mut) (1).

Molecular functions
Vitamin B12 is a cofactor for only two enzymes in the 
human metabolism (2). Methylcobalamin is a cofactor 
for methionine synthase – the enzyme that catalyzes the 
conversion of homocysteine to methionine. This reaction 
requires the transfer of a methylgroup from 5’-methyl 
tetrahydrofolate. Intracellular deficiency of folate and/
or vitamin B12 therefore results in increased plasma con-
centrations of tHcy. Adenosylcobalamin is a cofactor 
for methylmalonyl-CoA mutase in the isomerization of 
methylmalonyl-CoA to succinyl-CoA. Vitamin B12 insuf-
ficiency therefore results in increased serum MMA con-
centrations (2).

Specific groups

Infants, children, and adolescents
The vitamin B12 status in the new-born is a result of 
maternal status during pregnancy, gestational age, and 
birth weight. Infants who are born premature or with a 
low birth weight (LBW) or with a vitamin B12 deficient 
mother are prone to develop vitamin B12 deficiency during 
the first weeks of life, something that may impair neuro-
development (5, 9). During the first weeks of life, there is a 
considerable decrease in serum cobalamin, accompanied 
by a marked increase in plasma tHcy and MMA (41–43). 
The lowest vitamin B12 levels and the highest plasma 
tHcy and MMA levels in childhood are seen in infants 6 
weeks to 6 months of age. In older children (>6 months), 
serum vitamin B12 increases and peaks at 3–7 years and 
then decreases, and median plasma tHcy remains low (<6 
μmol/L) and increases from the age of 7 (43, 44).

Pregnancy and lactation
All markers of vitamin B12 status are reduced in pregnant 
compared to non-pregnant women (8). Serum vitamin 
B12 decreases during pregnancy. This is accompanied by a 
gradual increase in the metabolic markers, indicative of a 
functional intracellular vitamin B12 depletion, despite the 
fact that both plasma tHcy and MMA are substantially 
reduced compared to non-pregnant women (8).

Serum vitamin B12 is increased by more than 40% at 
6 weeks postpartum and remains so as long as the moth-
ers are lactating. An additional moderate increase in the 
metabolic markers plasmas tHcy and MMA is observed, 
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suggestive of  maternal intracellular vitamin B12 deple-
tion, despite high serum concentrations (8). Vitamin B12 
concentrations in breast milk decrease during the lac-
tational period with the highest levels seen in the first 
4 weeks (45).

Inborn errors of metabolism
There are several inborn errors of vitamin B12 metab-
olism, which can be roughly divided into genetic muta-
tions affecting absorption and transport, and mutations 
affecting intracellular vitamin B12 processing. The for-
mer category includes Intrinsic factor deficiency and 
Immerslund-Gräsbeck syndrome, which inhibits absorp-
tion either through the lack of intrinsic factor or a 
defect in the cobalamin receptor facilitating intestinal 
uptake, ultimately resulting in vitamin B12 deficiency. 
Haptocorrin deficiency is considered benign and results 
in low serum vitamin B12 and normal concentrations of 
the metabolic markers. The inborn errors affecting intra-
cellular processing are categorized based on whether they 
result in accumulation of Hcy and/or MMA. CblF, CblJ, 
CblC, CblX, or CblD are characterized by increased lev-
els of both tHcy and MMA, and CblE and CblG yield 
isolated hyperhomocysteinemia, whereas CblA and CblB 
yield isolated methylmalonic aciduria. Most inborn errors 
of vitamin B12 metabolism are rare, and the most com-
mon mutation is CblC, which has been reported in >500 
patients (46).

Assessment of nutrient status
Vitamin B12 status is judged based on the estimated dietary 
vitamin B12 intake and relevant symptoms that may sug-
gest vitamin B12 deficiency or insufficiency. Biomarkers of 
vitamin B12 status include serum vitamin B12 and holoTC 
(bioavailable fraction in the circulation), while the func-
tional biomarkers, plasma total tHcy and MMA, reflect 
intracellular vitamin B12 function. Because B12 is essen-
tial for folate metabolism, it is also important to consider 
folate status.

Many laboratories still use the 2.5 percentile, ranging 
from 145 to 200 pmol/L for serum vitamin B12, to define 
B12 deficiency. A reference interval is typically defined as 
the 95% interval between the lower 2.5th and the upper 
97.5th percentiles derived from the distribution of results 
from an apparently healthy reference population (47). 
Reference intervals merely describe the vitamin B12 status 
in a specific population and will differ according to the 
diet in the tested population. One need clinical decision to 
define deficiency.

Clinical decision limits define a value above or below 
a threshold associated with a significantly higher risk 
of  adverse clinical outcomes or diagnostic for the pres-
ence of  a specific disease (47). Vitamin B12 deficiency 
associated with classic hematological and neurological 

manifestations is relatively uncommon, and as clinical 
symptoms of  vitamin B12 deficiency generally are subtle 
and difficult to diagnose, a diagnostic delay of  several 
months is common among infants, children, and adults 
(2, 5), something which is particularly unfortunate in 
young infants.

Various algorithms have been proposed in order to 
separate vitamin B12 insufficiency from deficiency (2); 
however, on the cellular levels, there is a physiologic 
transition from inadequate to clearly deficient states 
of  vitamin B12. In both children and adults, the met-
abolic markers tHcy and MMA start to increase when 
serum vitamin B12 falls below ~500–550 pmol/L, indi-
cating suboptimal intracellular vitamin B12 stores, with 
a steeper increase in both markers when serum vitamin 
B12 falls below 250–275 pmol/L, indicating biochemical 
deficiency (48, 49). Studies in humans show that bio-
markers for DNA damage, such as hypomethylation, 
chromosome breaks, uracil incorporation, and micro-
nucleus formation, are minimized when serum concen-
tration of  vitamin B12 is greater than 300 pmol/L (50), 
indicating that also vitamin B12 insufficiency is harmful 
and should be treated. It is obviously not good medical 
practice to wait until the store of  an essential micronu-
trient is depleted.

In the following, we will comment on the individual 
biomarkers and the biological variations that should 
be taken into account when employing them. All four 
vitamin B12 biomarkers have limitations as standalone 
markers, and there is currently no clear agreement on the 
decision limits for any of these parameters concerning 
vitamin B12 defi ciency or insufficiency (1, 2). Current 
diagnostic practice may be too complicated and focused 
on separating insuf ficiency from deficiency. As vitamin B12 
is an essential micronutrient it is also important to focus 
of what is an adequate status. 

Serum or plasma cobalamin
Serum vitamin B12 is still the primary marker of vitamin 
B12 status among children, adults, and pregnant women 
(2). The assays used to analyze human samples are widely 
available, cheaper than all the other vitamin B12 mark-
ers, and specific for biologically active cobalamins. A 
limitation of this biomarker is that it measures the total 
circulating cobalamin, of which the majority (70–90%) 
is bound to haptocorrin, which may be affected by high 
estrogen levels, cancer, and genetically low haptocorrin 
levels. In these circumstances, serum vitamin B12 concen-
trations may not accurately reflect intracellular vitamin 
B12 status (1, 2).

The serum concentrations are not substantially affected 
by recent dietary intake, meaning prandial status is not a 
major concern when collecting samples. In the longer term 
(months), the concentrations increase with increasing 
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habitual dietary intake and have been reported to plateau 
at vitamin B12 intakes of 7–10 µg (14). A meta-analysis 
of 37 randomized controlled trials (RCTs) and 19 obser-
vational studies aimed to quantify the dose-response 
relationship and reported that each doubling of vitamin 
B12 intake increased circulating concentrations by 11% 
(95% CI 9.4–12.5%). However, substantial heterogeneity 
between the studies, not explained by study design, age, or 
vitamin B12 dose, warrants caution when interpreting the 
reported associations (15).

Diagnostic cutoffs vary from below 148 up to 
300  pmol/L depending on the outcome (2). The lower 
decision levels (<148 pmol/L) are generally based on the 
presence of clinical deficiency symptoms, while studies 
show that DNA damage is minimized when serum vita-
min B12 is >300 pmol/L (50). A steep increase in both 
plasma tHcy and MMA occurs when serum vitamin B12 
falls below 250–275 pmol/L, indicating biochemical insuf-
ficiency and a cellular need for vitamin B12.

All vitamin B12 markers are decreased during preg-
nancy, so specific decision limits must be used. A mater-
nal vitamin B12 concentration >275 pmol/L (measured by 
immunoassay) in week 18 of pregnancy has been recom-
mended to secure an optimal infant vitamin B12 status for 
the first 6 months of life (8, 51).

HoloTC
Circulating holoTC represents the active fraction (10–
30%) of  serum vitamin B12, and the test has been shown 
to provide a somewhat better or an equal discrimina-
tion compared to serum vitamin B12, also depending 
upon the decision limits used (52). Unlike the other bio-
markers, HoloTC increases in the postprandial period 
and is therefore a better indicator of  recent intake (14). 
This is taken advantage of  when evaluating vitamin 
B12 absorption with the CobaSorb test, measuring the 
holoTC response after an oral cyanocobalamin dose 
(53). Circulating concentrations also increases with 
increasing habitual vitamin B12 intakes and stabilizes at 
intakes >4 µg (14, 54).

HoloTC is reported to be affected by genetic polymor-
phisms (55) and renal function (56). There is a lack of 
consensus concerning decision limits with current sug-
gested limits for deficiency in adults <35–40 pmol/L, 
based on the relation between holoTC and serum MMA 
concentration (14). While the other biomarkers of  vita-
min B12 status change during pregnancy, holoTC has been 
reported to be unaffected (14). However, plasma holoTC 
concentrations are reported to be reduced by 24% from 
preconception to pregnancy week 20, with an additional 
17% reduction at labor (57). As long as holoTC decision 
limits for pregnant women and children are missing, 
serum vitamin B12 remains the preferred biomarker in 
these groups.

Plasma MMA
Plasma MMA also accumulates with insufficient intra-
cellular vitamin B12 status, due to reduced activity of 
methylmalonyl-CoA mutase. As this reaction is not 
directly influenced by other micronutrients, MMA has, 
for a long time, been considered the most specific and 
informative of  the vitamin B12 biomarkers. However, 
MMA concentrations are influenced by several other 
factors. Less than 17% of  the MMA concentrations in 
blood are determined by cobalamin, renal function, 
age, and gender, and MMA is therefore not the perfect 
vitamin B12 marker (49). Currently, higher concentra-
tions are seen with impaired renal function and with 
increasing age, especially after 70 years (49). The latter 
is not entirely explained by age-related decline in kidney 
function. Furthermore, two genetic variants have been 
reported to explain 12% of  the variance in circulating 
MMA (58). In a meta-analysis, a 7% decrease (95% CI 
4–10%) in MMA was reported for each doubling in vita-
min B12 intake (15).

In adults with normal kidney functions, clinical decison 
limits in the range >0.376 to >0.271 μmol/L have been 
suggested as markers for vitamin B12 deficiency. In order 
to rule out impaired renal function as the cause of ele-
vated MMA, renal function should be evaluated (14).

MMA has been reported to increase throughout 
pregnancy, indicating vitamin B12 insufficiency (8, 59). 
However, compared to non-pregnant women, lower con-
centrations have been reported in pregnant women (8). In 
infants and toddlers, the MMA concentrations are higher 
across the entire vitamin B12 spectrum compared to older 
children and adults (43), in this age-group tHcy should be 
used as a vitamin B12 marker. In older children age-spe-
cific decision limits should be used.

Plasma tHcy
Plasma tHcy accumulates with insufficient intracellular 
vitamin B12 status, due to reduced function of methionine 
synthase, referred to as hyperhomocysteinemia. Plasma 
tHcy concentrations are not a specific vitamin B12 status 
marker, as it also increases with insufficient intakes of 
folate and to a lesser degree with low intake of vitamin 
B6.

Plasma tHcy concentrations increase with age and 
decreased renal function and are influenced by sex and 
pregnancy, so it is necessary to use age-specific decision 
limits (2). The most common decision limit to define 
hyperhomocysteinemia is >15 µmol/L in adults.

Plasma tHcy is the preferable metabolic marker for 
vitamin B12 status in infants and toddlers, whereas in older 
children and adults, tHcy is primarily a folate marker, and 
MMA is the preferable vitamin B12 marker (2). In infants 
and toddlers up to 3 years, a plasma tHcy concentration 
>6.5 μmol/L indicates vitamin B12 deficiency (41, 44).
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Dietary intake in Nordic and Baltic countries
Vitamin B12 only occurs in foods of  animal origin and 
in fortified foods. Meat, liver, eggs, dairy products, fish, 
and shellfish are particularly good sources and are the 
main vitamin B12 sources in the average diet.

The average vitamin B12 intake in the Nordic coun-
tries, according to national dietary surveys, ranged 
from 4.0–6.4 to 5.5–8.9 µg per day in adult women and 
men, respectively (60).

Vegans/Vegetarians
Vegetarian and, especially, vegan diets tend to contain 
low or no amounts of  vitamin B12, and these diets are 
associated with an increased risk of  vitamin B12 defi-
ciency unless adequate vitamin supplementation is 
implemented (23, 61–64). Many vegan organizations 
have set detailed instructions for taking a supplement, 
and the main principle is that the less often the vita-
min B12 supplement is taken, the greater the dose must 
be; non-prescription vitamin B12 supplements contain-
ing up to 1,000 µg vitamin B12 per tablet are currently 
available in pharmacies.

Plant foods might contain trace amounts due to bac-
terial or soil contamination or as a result of  fermenta-
tion. The amounts of  vitamin B12 in seaweeds cannot 
be considered a reliable or relevant source of  vitamin 
B12 for humans (65). Some plant-based milk substitutes 
are fortified with vitamin B12 and can be an important 
source of  vitamin B12 in vegans. The nutritional quality 
of  plant-based meat analogues on the Swedish mar-
ket was assessed and published in 2022. The authors 
showed that vitamin B12 contents in fortified products 
differed and were lower, similar, or higher compared to 
meat references (66).

A recent study of  vitamin B12 status in Norwegian  
vegans and vegetarians showed that average daily sup-
plement use and older age were predictors of  higher 
serum B12 concentrations. In this study, none of  the par-
ticipants were considered to be B12 depleted; however, 
low serum B12 concentration was found in 14% of  the  
participants (67).

Pregnant women
In pregnancy week 18, women from the Norwegian 
Mother, Father and Child Cohort Study (MoBa) had a 
median vitamin B12 intake of 8.5 µg/day from diet and 
supplements (10).

Vitamin B12 in breast milk and formula and intake in infants
In breast milk from Danish mothers, most of  them took 
daily multivitamin supplements containing 1.0–4.5 μg 
cobalamin, the median (25th to 75th percentile)  vitamin 
B12 concentration at 2 weeks was 0.76 (0.21–1.88)  
nmol/L, at 4 months was 0.29 (0.14–0.69) nmol/L, and 
at 9 months was 0.44 (0.16–1.94) nmol/L (45). In breast 
milk from Norwegian mothers, users of  supplements 
versus non-users, the median (25th to 75th percentile) vita-
min B12 concentration at 6 weeks was 0.34 (0.23–0.46) 
versus 0.29 (0.16–0.36) nmol/L, at 4 months was 0.31 
(0.21–0.40) versus 0.27 (0.18–0.48) nmol/L, and at 
6 months was 0.35 (0.22–0.54) versus 0.24, (0.19–0.47) 
nmol/L. Mean vitamin B12 content in 11 different for-
mula milk was 2.2 µg/L in a Danish study published 
in 2016 (68). Table 1 shows the estimated vitamin B12 
intake in infants from breast milk from these Danish 
and Norwegian mothers and from formula milk. Based 
on these data, formula-fed infants receive from 2.1  
(at 2 weeks) up to 5.2 (at 4 months) times more vitamin 
B12 per day compared to breast-fed infants.

Despite a higher milk intake with increasing age, daily 
vitamin B12 intake is reduced from 2 weeks to 6 months 
in exclusively breast-fed infants (8, 45, 69, 70).

In a Norwegian study, the estimated vitamin  
B12 intake at 12 months was median 1.7 (IQR 1.1–
2.2) μg per day from solid food and breastmilk  
versus 2.3 (1.8–3.0) μg per day from solid food and  
formula (70).

Infants born premature or with LBW
Infants born premature or with a low birthweight 
have smaller vitamin B12 stores and an increased 
risk of  deficiency during the first year of  life (71). 
However, as many premature and LBW infants have 

Table 1. Median (IQR) vitamin B12 intake from breast milk versus formula milk in infants

Parameters 2 weeks 6 weeks 4 months 6 months 9 months

Mean weight, kg 3.7 4.8 6.7 7.6 8.6

Mean milk intake/day 150 ml/kg 130 ml/kg 120 ml/kg 120 ml/kg 100 ml/kg

Median infant vitamin B12 intake from:

Danish mothers, +Suppl. (45) 0.57 µg/day 0.31 µg/day 0.51 µg/day

Norwegian mothers (8)
+Suppl. 0.29 µg/day 0.34 µg/day 0.43 µg/day

−Suppl. 0.24 µg/day 0.29 µg/day 0.30 µg/day

Formula (68) 1.22 µg/day 1.37 µg/day 1.77 µg/day 2.00 µg/day 1.89 µg/day
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problems breastfeeding, this group is often mainly  
formula fed, something which will increase their 
vitamin B12 intake and improve their status (7). In 
exclusively breast-fed premature or low birthweight 
infants, one must be aware of  development of  vitamin 
deficiency.

Elderly
Dietary surveys in the Nordic countries suggest that vita-
min B12 intake in the elderly is slightly higher com pared 
to younger adults, with estimated intakes rang ing from 
5.2–6.6 to 5.2–10.8 μg/day in women and men, respec-
tively. However, with increasing age, the production of 
both hydrochloric acid and intrinsic factor declines, 
putting elderly at increased risk of  developing vitamin 
B12 deficiency or insufficiency (2). It has been estimated 
that 10–30% of elderly have some form of  vitamin B12 
malabsorption due to atrophic gastritis, which is often 
undiagnosed.

Health outcomes relevant for Nordic and Baltic 
countries

Deficiency
There is currently no clear agreement on what symp-
toms constitute clinical vitamin B12 deficiency and what 
deci sion limits for vitamin B12 status one should use 
(2), but one guiding principle is that if  the symptoms 
are alleviated by treatment with cobalamin, then it is 
likely that there was a degree of  vitamin B12 insuffi-
ciency. An adequate supply of  vitamin B12 is essential 
for normal development, neurological function, and 
blood formation (2). Vitamin B12 deficiency in adults 
may result in neurologi cal and psychiatric symp-
toms and/or macrocytic and meg aloblastic anemia (2, 
72, 91). Lindenbaum et al. reported vitamin B12 defi-
cient patients with psychiatric symptoms, but without 
anemia or macrocytosis (72). The reason why some 
patients mainly present with megaloblastic anemia and 
others with neurologic symptoms remains unknown. 
Neurological manifestations, such as numbness and 
paraesthesia in the extremities; loss of  position and 
vibratory sensation; difficulty walking; depression 
and irritability; diminished cognitive function; and  
psychosis may be observed in the absence of  hemato-
logic disease, (72, 73). Subclinical deficiency detected 
by metabolic markers i.e. increased tHcy and MMA 
homocysteine and MMA, which are predictors of 
developmental and degenerative diseases, is much more 
common in the general population (50). The observed 
biochemical insufficiency at B12 levels below ~500–550 
pmol/L raises the question whether such vitamin B12 
insufficiency has clinical consequences (48). A review 
has shown a high prevalence of  vitamin B12 insufficiency  

in the world and has identified several examples of 
adverse clinical outcomes, mainly in relation to func-
tions of  the nervous system (74). Others have suggested 
that vitamin B12 deficiency/insufficiency is related to 
increased prooxidant and reduced antioxidant status 
(32). 

Vitamin B12 deficiency during pregnancy and infancy
Vitamin B12 deficiency in women of  fertile age is associ-
ated with infertility, early pregnancy loss (75), increased 
prevalence of  preeclampsia, preterm birth (76) possibly 
LBW (27, 29), and a moderate risk of  neural tube defects 
(77). A review published including 23 studies from 1961 
to 2017 reported a positive effect of  vitamin B12 on semen 
quality, including increasing sperm count, enhanced 
sperm motility, and reduced sperm DNA damage (78).

Maternal vitamin B12 deficiency during pregnancy is 
associated with vitamin B12 deficiency in the infant (8). 
Symptoms of vitamin B12 deficiency in children differ with 
age, presenting a continuum from subtle developmental 
delay to life-threatening clinical conditions. The first months 
of life is the most rapid period of brain development, with a 
brain growth ranging per day from 1% per day and gradu-
ally decreasing to 0.4% at 3 months (79). An optimal micro-
nutrient status is particularly important during this period. 
In infants, symptoms of vitamin B12 deficiency include irri-
tability, failure to thrive, apathy, anorexia, gastrointestinal 
reflux, constipation, and developmental delay and regres-
sion (5, 6), all of which respond remarkably and rapidly to 
supplementation (6). Symptoms of vitamin B12 deficiency 
are difficult to detect in all age groups, but particularly 
in infants, and there tends to be a diagnostic delay up to 
4 months in this age group (5, 9). Several reports show that 
even moderate deficiency in children may be harmful, and 
long-term consequences of neurological deterioration may 
persist after vitamin B12 deficiency has been treated (9). Even 
in well-nourished children, a low vitamin B12 concentration 
has been associated with a lower score for psychomotor 
development. A randomized controlled vitamin B12 inter-
vention study in infants with moderate B12 demonstrated 
significantly improved mootor development in only 3 weeks 
(6). In Danish children aged 36 months with a mean (SD) 
serum vitamin B12 concentration of 653 (240) pmol/L, an 
increase of 100 pmol/l in serum vitamin B12 corresponded 
with a 1.5 increase in total Ages and Stages Questionnaire 
(ASQ) score, a measure of psychomotor development, rais-
ing a question about what is the optimal  serum vitamin 
B12 concentration in young children. Children in the lowest 
vitamin B12 quartile had about 10 ASQ scores lower com-
pared to the other quartiles (80).

Toxicity
As long as vitamin B12 is taken orally, either in food or in 
supplements containing a moderate vitamin B12 content 
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(<50 µg), the body will actively regulate the uptake in 
ileum, and excess vitamin B12 will be excreted in urine. 
To patients with confirmed vitamin B12 deficiency due to 
absorption problems, a peroral dose of 4,000 cyanocobal-
amin µg daily for 1 month, followed by 1–2,000 µg per 
day, is now recommended as an alternative to vitamin B12 
injection therapy. There are intake known severe adverse 
effects of excess vitamin B12 (12). Potential negative 
effects of megadoses, i.e. on the microbiome, are largely 
unknown, but one study reported that vitamin B12 supple-
mentation may give acne development due to changes in 
the skin microbiome (81).

Obesity
The association between circulating vitamin B12 concen-
trations and the body mass index (BMI) was investigated 
in a systematic review of  19 observational studies includ-
ing 7,055 participants (33). Overall, it was reported that 
those with BMI categorized as overweight or obese 
had mean 21–56 pmol/L lower serum vitamin B12 con-
centrations compared to those with normal weight. In 
meta-regression analyses, no inverse or J-shaped asso-
ciation was established, but the authors concluded that 
the results from the direct pairwise comparisons sup-
ported further investigation on the association between 
vitamin B12 status and overweight/obesity. Lower vita-
min B12 levels with higher BMI are also reported in preg-
nant women (82).

Cardiovascular disease (CVD) and diabetes type 2
In a Cochrane review of 15 RCTs, Marti-Carvajal et al. 
reported on the effect of homocysteine-lowering interven-
tion with B-vitamin supplements (vitamin B6, folate, and 
vitamin B12 alone or in combination) on cardiovascular 
disease outcomes and mortality (20). Compared to pla-
cebo, they reported reduced risk of stroke (RR [95% CI] 
0.90 [0.82–0.99]), but no effect on myocardial infarction 
risk (1.02 [0.95–1.10]) or all-cause mortality (1.01 [0.96–
1.06]). Rafnsson et al. performed a systematic review of 
7 cohort studies found only very limited evidence for the 
associations between low serum vitamin B12 and increased 
risk of mortality and morbidity from either cardiovascu-
lar dis eases or type 2 diabetes in adults (26).

Cancer
Observational studies have found an association between 
higher circulating vitamin B12 concentrations and 
increased risk of prostate (83) and total cancers (84), and 
a high serum vitamin B12 has been proposed as a cancer 
biomarker (85). The elevated vitamin B12 levels appear 
to be due to increased haptocorrin concentrations and 
not to raised holoTC (83, 86). Furthermore, clinical tri-
als do not support an association between higher vita-
min B12 intakes and cancer risk (87–89). A meta-analysis 

of  18  RCTs including approximately 75,000 individuals 
found that supplements containing B vitamins, including 
20 to 2,000 µg/day vitamin B12, had little or no effect on 
cancer incidence, cancer deaths, or all-cause mortality 
(88). A dose-response meta-analysis including data from 
10,600 patients suggested an inverse association between 
both total and dietary vitamin B12 intakes and colorectal 
cancer risk (90). This was supported in a meta-analysis 
of  13 case-control studies, reporting an inverse associa-
tion between circulating vitamin B12 and colorectal cancer 
risk (not statistically significant), and a positive associa-
tion with circulating tHcy (30). However, a meta-analy-
sis of  10 observational studies with 3,164 cases observed 
a higher risk of esophageal cancer when comparing the 
highest vs lowest intake (OR [95% CI] 1.30 [1.05–1.62]), 
and a linear dose-response per 1 µg/d increment (1.02 
[1.00–1.03]) (25).

Osteoporosis and bone health
The association of vitamin B12 status with bone mineral 
density and osteoporotic fractures was investigated in a 
systematic review by Macedo et al., including 6 longitudi-
nal studies, 9 cross-sectional studies, and two RCTs (19). 
The authors concluded that the potential effect of vitamin 
B12 deficiency on bone health and the underlying mech-
anisms warrant further research, especially in vulnerable 
groups such as postmenopausal and elderly women.

Mental health
Whereas most studies question the effect of  vitamin B12 
on mental helth in the elderly, positive associations are 
reported in children (80). Data on vitamin B12 status and 
associated cognitive function and depression in elderly 
people are conflicting. A Cochrane review from 2003 
found that the evidence for any effect of  vitamin B12 on 
improving the cognitive function of  people with demen-
tia and low serum vitamin B12 levels was insufficient 
(92). The same conclusion was reached in a systematic 
review and meta-analysis of  19 RCTs (16), concluding 
that supplementation of  cobalamin, vitamin B6, or folic 
acid alone, or in combination, did not appear to improve 
cognitive functions in individuals with or without cog-
nitive impairment at baseline. The same authors per-
formed an updated systematic review of  31 RCTs, and 
in a meta-analysis of  12 RCTs using the Mini Mental 
State Examination, they observed no meaningful effect 
in individuals with, and no effect in individuals without, 
cognitive impairment at baseline (31). Accordingly, there 
is limited evidence from observational studies to sug-
gest an association of  vitamin B12 status with cognitive 
decline or dementia in elderly people (21, 93). In a sys-
tematic review of  observational studies, the authors con-
cluded that there was insufficient evidence to establish an 
overall association, but it was highlighted that all four 
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studies that used more specific biomarkers of  vitamin B12 
status (MMA and holoTC) showed  consistent associa-
tions between poor vitamin B12 status and increased risk 
of  cognitive decline or dementia diagnosis (22). Another 
systematic review identified poor vitamin B12 status as 
being associated with increased risk of   vascular demen-
tia, primarily based on cross-sectional studies (24). 
Treatment with a combination of  folic acid and vitamin 
B12 has also shown cognitive benefits in people with mild 
cognitive impairment (94, 95).

Vitamin B12 insufficiency has been found to increase 
the risk of depression in the elderly (96), and a recent 
review concluded that early vitamin B12 supplementation 
can delay the onset of depression and improve the effect 
of anti-depressants (97). On the other hand, a system-
atic review of 11 RCTs concluded that short-term treat-
ment with folic acid and/or vitamin B12 did not improve 
depressive symptoms. However, the results suggested that 
longer-term treatment may decrease the risk of relapse 
or onset of symptoms in those at increased risk (98). A 
systematic review pooling data from 10 observational 
studies reported consistently lower circulating vitamin B12 
concentrations in patients with Parkinson’s disease (over-
all standardized mean difference [95% CI] -0.38 [-0.51, 
-0.25]) (28). However, no association was observed for 
dietary vitamin B12 intake and Parkinson’s disease risk.

Eye disease
In a systematic review and meta-analysis of  11 case- 
control studies, including 1,072 cases, Huang et  al. 
reported that tHcy was higher (mean difference [95% 
CI] 2.67 [1.6–3.74] µmol/L), and serum vitamin B12 was 
lower (64.2 [19.3–109] pmol/L) in age-related macular 
degeneration (AMD) cases compared to controls (17). 
Another systematic review and meta-analysis by Li et al. 
included 9 studies reporting on the serum vitamin B12 
levels and different types of  glaucoma (18). In ran-
dom-effect meta-analyses, they reported no statistically 
significant differences in serum vitamin B12 between cases 
and controls.

Requirement and RIs
The RI of vitamin B12 published in NNR 2004 and 2012 
was largely based on a study published in 1958, where 
20 patients with pernicious anemia were treated with an 
intramuscular dose of 0.5–2.0 µg vitamin B12 per day, and 
the outcome parameter was normalizing of hematologi-
cal status (99). An average physiological requirement of 
vitamin B12 was set at 0.7 μg/day, based on this and other 
studies (38, 100). With correction for absorption effi-
ciency (50%), the average requirement (AR) was set at 1.4 
μg/day for adults. By assuming a CV of 15% and adding 
two SD to allow for individual variation, the RI for adults 
was set at 2 μg/day. The same recommendations applied 

to elderly and pregnant women, while an additional 0.6 
µg/day was recommended to lactating women. The rec-
ommendations for children were based on an assumed 
requirement of 0.05 µg/kg body weight/day, and the RIs 
were set at 0.8 (2–5y), 1.3 (6–9y), and 2.0 (10–13y) µg/day. 
The NNR2012 RI was unchanged from the recommenda-
tions in NNR2004.

The NNR2012 DRVs were comparable to most other 
vitamin B12 intake recommendations by authoritative sci-
entific bodies worldwide (14), with one notable exception. 
In 2015, the EFSA Panel concluded that it is impossible 
to determine an AR and RI and, therefore, set an ade-
quate intake (AI) for vitamin B12 at 4 μg/day for men and 
women >14y, based on available data on different vitamin 
B12 biomarkers (101). An additional 0.5 µg/d was added 
for pregnancy (AI 4.5 µg/day), and 1 µg/day was added 
during lactation (AI 5.0 µg/day) based on fetal accumula-
tion of vitamin B12 and excretion through breast milk. For 
children, the AIs were extrapolated from adult  values and 
were set at 1.5 µg/day from 7 months of age.

The de novo NNR2023 systematic review concluded 
that for all included populations (pregnancy, lactation, 
infants, elderly, and vegetarians and vegans), there was 
insufficient evidence to assess whether habitual intakes in 
line with the previously RIs (NNR2012) were sufficient 
to maintain adequate status (35). No eligible studies were 
identified for young adults or children other than breast-
fed infants.

Adults
Daily vitamin B12 losses in apparently healthy adults 
and elderly probably range from 1.4 to 5.1 μg. A sys-
tematic review estimated that the vitamin B12 intakes 
needed to compensate for these losses ranged from 3.8 to  
20.7 μg (11). However, these estimates should be inter-
preted with caution, as the rate-limited absorption from 
a single dose was not considered. To better estimate the 
dose needed, both the bioavailability and the division of 
the dose throughout the day must be considered. Based 
on biomarker concentrations, it has been reported that in 
healthy young adults and postmenopausal women, circu-
lating concentrations of cobalamin, homocysteine, and 
MMA appears to plateau at intakes of 4–10 µg/day (54, 
102, 103). This suggests that previous RIs (NNR2012) 
may be insufficient to maintain optimal biomarker sta-
tus. Based on available data on different biomarkers of  
vitamin B12 status, a vitamin B12 intake in the range of  
5–7 μg/day seems to be adequate for adults; however, no 
consensus exists regarding what should be considered 
optimal in terms of metabolic profile.

Elderly
In NNR2012, the RI for elderly was the same as for 
younger adults. This is in line with the Institute of 
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Medicine (IOM), who emphasize that because dietary 
vitamin B12 can be assumed to be poorly absorbed due 
to atrophic gastritis, increasing the recommendations was 
unlikely to be sufficient.

Vegetarian and vegan diets
As vitamin B12 only occurs in foods of animal origin, 
vegan diets will eventually result in vitamin B12 deficiency 
unless supplemented. However, lower intake and status 
are also observed with less restrictive diets limiting animal 
food (104). It should be emphasized that symptoms of 
deficiency may not occur until years after adopting such 
diets. As repleting the body stores through supplements 
would take a long time, initial treatment with injections is 
warranted once symptoms of deficiency are present.

Pregnancy and lactation
A maternal vitamin B12 concentration >275 pmol/L in 
week 18 of pregnancy has been recommended to ensure an 
adequate infant vitamin B12 status for the first 6 months of 
life (8, 49). Additionally, serum vitamin B12 concentration 
above 300 pmol/L in early pregnancy has been associated 
with lower incidence of neural tube defects (105).

In pregnancy week 18, women from the Norwegian 
MoBa study reported a median vitamin B12 intake of 
8.5 µg/day from diet and supplements (10). Median (IQR) 
serum vitamin B12 concentration in 2,911 women from the 
MoBa study was 309 (249–378) pmol/L (106). This study 
may suggest that a vitamin B12 intake of 8.5 µg/d can be 
expected to give more than 50% of the women a sufficient 
vitamin B12 status in pregnancy week 18.

Infants

Infants born at term with an appropriate weight for 
gestational age
The calculated AI for infants aged 0–6 months ranges 
from 0.3 to 0.5 μg/day and is based on the assumption that 
breast milk contains sufficient vitamin B12 for optimal 
health during this period of life. The data for  estimated 
AI include an average intake of breast milk (~800 ml/d) 
and an average vitamin B12 concentration in breast milk 
(~0.45 μg/L).

Only 28% of infants at 6 weeks and 34% at 4 months 
achieve the RI of 0.4 µg per day from breast milk (8). 
Additionally, whether this amount of vitamin B12 is 
enough will also depend on the infant vitamin B12 stores, 
which will be low in infants born to women with vitamin 
B12 deficiency due to gastrointestinal disease or a diet with 
a low content of animal food. Formula-fed infants receive 
from 1.2 to 2 µg vitamin B12 per day from 2 weeks to 
6 months (Table 1) and are reported to have lower plasma 
tHcy concentrations, indicating a better vitamin B12 status 
compared to exclusively breast-fed infants (9).

For infants aged 7–12 months, the recommended AI 
ranges from 0.7 to 1.5 μg/day. EFSA has the highest AI 
(1.5 μg/day), based on an extrapolation from the AI for 
adults using allometric scaling and applying a growth fac-
tor (93). At 12 months, infants with median vitamin B12 
intake of 2.3 (25th–75th percentile 1.8–3.0) μg per day had 
a lower geometric mean plasma tHcy: 4.5 (95%CI 4.1–4.9) 
µmol/L, compared to infants with a lower median vitamin 
B12 intake (1.7 (1.1–2.2) μg per day) plasma tHcy 5.5 (5.1–
5.8) µmol/L. This study suggests that a vitamin B12 intake 
of approximately 2.3 μg per day should be sufficient for 
most infants aged 12 months.

Infants born premature or with LBW (<2,500 g)
Infants born premature or with a LBW have an 
increased risk of  vitamin B12 deficiency during the first 
year of  life (71). One study showed that breast-fed and 
formula-fed LBW infants had similar plasma tHcy until 
20 postnatal days; after this, plasma tHcy subsequently 
increased in breast-fed infants, but not in formula-fed 
infants (107). The vitamin B12 intake would be 0.17 to 
0.23 µg vitamin B12 per day (based on a vitamin B12 con-
centration in breast milk of  ~0.45 µg/L and 0.4–0.5 L 
milk intake/day) in the breast-fed infant. A formula-fed 
infant would get 0.8 to 1 µg vitamin B12 per day (based 
on 2.2  µg/L vitamin B12 and 0.4–0.5 L milk intake/
day) during the period from 3  to 6 weeks. As plasma 
tHcy did not increase in the formula-fed infants, 0.8 to 
1.0 µg vitamin B12 per day seems to be the necessary 
amount of  vitamin B12 intake for LBW infants aged 3 
to 6 weeks.

Among Norwegian infants with a birth weight between 
2 and 3 kg, those who were exclusively breast-fed for 
>1  month had lower vitamin B12 and higher tHcy lev-
els at 4 and 6 months compared to infants who were fed 
formula. Additionally, the breast-fed infants had lower 
gross motor scores at 6 months compared to the formu-
la-fed infants (7), indicating that even moderate vitamin 
B12 insufficiency may impair neurodevelopment. Given a 
vitamin B12 concentration in formula of 2.2 µg/L and a 
milk intake of 0.120 L/kg/day, the estimated vitamin B12 
intake associated with a better metabolic status and neu-
rodevelopment would range from 1.1 µg/day at 4 months 
to 1.5 µg/day at 6 months.

Children
In healthy, non-breast-fed Norwegian toddlers at age 
24 months, a plateau in serum vitamin B12 and holoTC 
was reached at a vitamin B12 intake of ~3 μg/day (108). 
Neither MMA nor tHcy concentrations decreased with 
increasing vitamin B12 intakes, which may indicate that a 
vitamin B12 intake of ~3 μg/day at this age secures an ade-
quate vitamin B12 status.
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In a survey published in 2015, Ungkost 3 (109), vitamin 
B12 intake in Norwegian children aged 9 years was mean 
4.9 (SD 2.2) μg/day, and that of  aged 13 years was mean 
5.3 (SD 3.7) μg/day (Ungkost 3, 2015). In a study pub-
lished in 2003 (110), Norwegian children aged 1–10 years 
had a median serum vitamin B12 of 551 (25th–75th per-
centile 456, 683) pmol/L, for the age group 10.5–15 years, 
it was 436 (295, 529) pmol/L, and for the age group 15.5–
19 years, it was 369 (294, 452) pmol/L. As a serum vitamin 
B12 >300 pmol/L indicates an adequate vitamin B12 status, 
approximately 25% of the older children (>10.5 years) 
had a risk of vitamin B12 deficiency, whereas this was not 
an issue for the younger children. In Canadian children 
aged 6 years and adolescents, a daily consumption of vita-
min B12 supplements was associated with higher serum 
vitamin B12 concentrations, with no additional increase in 
serum vitamin B12 at doses above 10 μg/day (111).

Based on these studies, a vitamin B12 intake from 3 to 
4.9 μg/day may be adequate for younger children, whereas 
children >10 years may need a vitamin B12 intake in the 
range of 5.3–10 μg/day.

Conflict of interest and funding
The authors have not received any funding or benefits 
from industry or elsewhere to conduct this study.

References

 1. Hannibal L, Lysne V, Bjørke-Monsen AL, Behringer S, Grünert 
SC, Spiekerkoetter U, et al. Biomarkers and algorithms for the 
diagnosis of vitamin B12 deficiency. Front Mol Biosci 2016; 3: 
27. doi: 10.3389/fmolb.2016.00027

 2. Green R, Allen LH, Bjorke-Monsen AL, Brito A, Gueant JL, 
Miller JW, et al. Vitamin B12 deficiency. Nat Rev Dis Prim 2017; 
3: 17040. doi: 10.1038/nrdp.2017.40

 3. Allès B, Baudry J, Méjean C, Touvier M, Péneau S, Hercberg 
S, et al. Comparison of Sociodemographic and Nutritional 
Characteristics between Self-Reported Vegetarians, Vegans, and 
Meat-Eaters from the NutriNet-Santé Study. Nutrients. 2017; 
9(9): 1023. doi: 10.3390/nu9091023. PMID: 28926931; PMCID: 
PMC5622783.

 4. Sanne, I., Bjørke-Monsen, AL. Lack of nutritional knowledge 
among Norwegian medical students concerning vegetarian 
diets. J Public Health (Berl.) 2022; 30: 495–501. doi: 10.1007/
s10389-020-01327-7

 5. Dror DK, Allen LH. Effect of vitamin B12 deficiency 
on neurodevelopment in infants: current knowledge and 
possible mechanisms. Nutr Rev 2008; 66(5): 250–5. doi: 
10.1111/j.1753-4887.2008.00031.x

 6. Torsvik I, Ueland PM, Markestad T, Bjorke-Monsen AL. 
Cobalamin supplementation improves motor development and 
regurgitations in infants: results from a randomized interven-
tion study. Am J Clin Nutr 2013; 98(5): 1233–40. doi: 10.3945/
ajcn.113.061549

 7. Torsvik IK, Ueland PM, Markestad T, Midttun O, Monsen AL. 
Motor development related to duration of exclusive breastfeed-
ing, B vitamin status and B12 supplementation in infants with 
a birth weight between 2000–3000 g, results from a randomized 

intervention trial. BMC Pediatr 2015; 15(1): 218. doi: 10.1186/
s12887-015-0533-2

 8. Varsi K, Ueland PM, Torsvik IK, Bjorke-Monsen AL. Maternal 
serum cobalamin at 18 weeks of pregnancy predicts infant 
cobalamin status at 6 months – a prospective, observational 
study. J Nutr 2018; 148(5): 738–45. doi: 10.1093/jn/nxy028

 9. Bjorke-Monsen AL, Ueland PM. Cobalamin status in chil-
dren. J Inherit Metab Dis 2011; 34(1): 111–19. doi: 10.1007/
s10545-010-9119-1

 10. Haugen M, Brantsaeter AL, Alexander J, Meltzer HM. Dietary 
supplements contribute substantially to the total nutrient intake 
in pregnant Norwegian women. Ann Nutr Metab 2008; 52(4): 
272–80. doi: 10.1159/000146274

 11. Doets EL, In ‘t Veld PH, Szczecinska A, Dhonukshe-Rutten 
RA, Cavelaars AE, van’t Veer P, et al. Systematic review on daily 
vitamin B12 losses and bioavailability for deriving recommen-
dations on vitamin B12 intake with the factorial approach. Ann 
Nutr Metab 2013; 62(4): 311–22. doi: 10.1159/000346968

 12. SCF. Scientic Committee on Food. Opinion of the Scientific 
Committee on Food on the Tolerable Upper Intake Level of 
Vitamin B12 2000. https://ec.europa.eu/food/sites/food/files/
safety/docs/sci-com_scf_out80d_en.pdf. Accessed 04 March 
2021.

 13. Blomhoff R, Andersen R, Arnesen EK, Christensen JJ, Eneroth 
H, Erkkola M, et al. Nordic Nutrition Recommendations 2023. 
Copenhagen: Nordic Council of Ministers; 2023.

 14. Allen LH, Miller JW, de Groot L, Rosenberg IH, Smith AD, 
Refsum H, et  al. Biomarkers of nutrition for development 
(BOND): vitamin B-12 review. J Nutr 2018; 148(Suppl_4): 
1995S–2027S. doi: 10.1093/jn/nxy201

 15. Dullemeijer C, Souverein OW, Doets EL, van der Voet H, van 
Wijngaarden JP, de Boer WJ, et  al. Systematic review with 
dose-response meta-analyses between vitamin B-12 intake and 
European micronutrient recommendations aligned’s prioritized 
biomarkers of vitamin B-12 including randomized controlled 
trials and observational studies in adults and elderly persons. Am 
J Clin Nutr 2013; 97(2): 390–402. doi: 10.3945/ajcn.112.033951

 16. Ford AH, Almeida OP. Effect of homocysteine lowering treat-
ment on cognitive function: a systematic review and meta-anal-
ysis of randomized controlled trials. J Alzheimers Dis 2012; 
29(1): 133–49. doi: 10.3233/JAD-2012-111739

 17. Huang P, Wang F, Sah BK, Jiang J, Ni Z, Wang J, et  al. 
Homocysteine and the risk of age-related macular degeneration: 
a systematic review and meta-analysis. Sci Rep 2015; 5: 10585. 
doi: 10.1038/srep10585

 18. Li S, Li D, Shao M, Cao W, Sun X. Lack of Association between 
Serum Vitamin B6, Vitamin B12, and Vitamin D Levels with 
Different Types of Glaucoma: A Systematic Review and Meta-
Analysis. Nutrients. 2017; 9(6): 636. doi: 10.3390/nu9060636. 
PMID: 28635642; PMCID: PMC5490615.

 19. Macedo LLG, Carvalho C, Cavalcanti JC, Freitas B. Vitamin 
B12, bone mineral density and fracture risk in adults: a sys-
tematic review. Rev Assoc Med Bras 2017; 63(9): 801–9. doi: 
10.1590/1806-9282.63.09.801

 20. Marti-Carvajal AJ, Sola I, Lathyris D, Dayer M. Homocysteine-
lowering interventions for preventing cardiovascular events. 
Cochrane Database Syst Rev 2017; 8: CD006612. doi: 
10.1002/14651858.CD006612.pub5

 21. Miles LM, Mills K, Clarke R, Dangour AD. Is there an associ-
ation of vitamin B12 status with neurological function in older 
people? A systematic review. Br J Nutr 2015; 114(4): 503–8. doi: 
10.1017/S0007114515002226

http://dx.doi.org/10.29219/fnr.v67.10257
https://doi.org/10.3389/fmolb.2016.00027
https://doi.org/10.1038/nrdp.2017.40
https://doi.org/10.3390/nu9091023
https://doi.org/10.1007/s10389-020-01327-7
https://doi.org/10.1007/s10389-020-01327-7
https://doi.org/10.1111/j.1753-4887.2008.00031.x
https://doi.org/10.3945/ajcn.113.061549
https://doi.org/10.3945/ajcn.113.061549
https://doi.org/10.1186/s12887-015-0533-2
https://doi.org/10.1186/s12887-015-0533-2
https://doi.org/10.1093/jn/nxy028
https://doi.org/10.1007/s10545-010-9119-1
https://doi.org/10.1007/s10545-010-9119-1
https://doi.org/10.1159/000146274
https://doi.org/10.1159/000346968
https://ec.europa.eu/food/sites/food/files/safety/docs/sci-com_scf_out80d_en.pdf
https://ec.europa.eu/food/sites/food/files/safety/docs/sci-com_scf_out80d_en.pdf
https://doi.org/10.1093/jn/nxy201
https://doi.org/10.3945/ajcn.112.033951
https://doi.org/10.3233/JAD-2012-111739
https://doi.org/10.1038/srep10585
https://doi.org/10.3390/nu9060636
https://doi.org/10.1590/1806-9282.63.09.801
https://doi.org/10.1002/14651858.CD006612.pub5
https://doi.org/10.1017/S0007114515002226


Citation: Food & Nutrition Research 2023, 68: 10257 - http://dx.doi.org/10.29219/fnr.v67.1025712
(page number not for citation purpose)

Anne-Lise Bjørke Monsen and Vegard Lysne

 22. O’Leary F, Allman-Farinelli M, Samman S. Vitamin B(1)(2) 
status, cognitive decline and dementia: a systematic review of 
prospective cohort studies. Br J Nutr 2012; 108(11): 1948–61. 
doi: 10.1017/S0007114512004175

 23. Obersby D, Chappell DC, Dunnett A, Tsiami AA. Plasma total 
homocysteine status of vegetarians compared with omnivores: 
a systematic review and meta-analysis. Br J Nutr 2013; 109(5): 
785–94. doi: 10.1017/S000711451200520X

 24. Perez L, Heim L, Sherzai A, Jaceldo-Siegl K, Sherzai A. 
Nutrition and vascular dementia. J Nutr Health Aging 2012; 
16(4): 319–24. doi: 10.1007/s12603-012-0042-z

 25. Qiang Y, Li Q, Xin Y, Fang X, Tian Y, Ma J, et al. Intake of 
Dietary One-Carbon Metabolism-Related B Vitamins and the 
Risk of Esophageal Cancer: A Dose-Response Meta-Analysis. 
Nutrients. 2018; 10(7): 835. doi: 10.3390/nu10070835. PMID: 
29954131; PMCID: PMC6073467

 26. Rafnsson SB, Saravanan P, Bhopal RS, Yajnik CS. Is a low 
blood level of vitamin B12 a cardiovascular and diabetes risk 
factor? A systematic review of cohort studies. Eur J Nutr 2011; 
50(2): 97–106. doi: 10.1007/s00394-010-0119-6

 27. Rogne T, Tielemans MJ, Chong MF, Yajnik CS, Krishnaveni 
GV, Poston L, et al. Associations of maternal vitamin B12 con-
centration in pregnancy with the risks of preterm birth and low 
birth weight: a systematic review and meta-analysis of individ-
ual participant data. Am J Epidemiol 2017; 185(3): 212–23. doi: 
10.1093/aje/kww212

 28. Shen L. Associations between B vitamins and Parkinson’s 
disease. Nutrients 2015; 7(9): 7197–208. doi: 10.3390/nu70 
95333

 29. Sukumar N, Rafnsson SB, Kandala NB, Bhopal R, Yajnik CS, 
Saravanan P. Prevalence of vitamin B-12 insufficiency during 
pregnancy and its effect on offspring birth weight: a system-
atic review and meta-analysis. Am J Clin Nutr 2016; 103(5): 
1232–51. doi: 10.3945/ajcn.115.123083

 30. Sun M, Sun M, Zhang L, Shi S. Colorectal polyp risk is linked 
to an elevated level of homocysteine. Biosci Rep. 2018; 38(2): 
699. doi: 10.1042/BSR20171699. PMID: 29581245; PMCID: 
PMC5968185

 31. Ford AH, Almeida OP. Effect of vitamin B supplementation 
on cognitive function in the elderly: a systematic review and 
meta-analysis. Drugs Aging 2019; 36(5): 419–34. doi: 10.1007/
s40266-019-00649-w

 32. van de Lagemaat EE, de Groot LCPGM, van den Heuvel 
EGHM. Vitamin B12 in Relation to Oxidative Stress: A 
Systematic Review. Nutrients. 2019; 11(2): 482. doi: 10.3390/
nu11020482

 33. Wiebe N, Field CJ, Tonelli M. A systematic review of the vita-
min B12, folate and homocysteine triad across body mass index. 
Obes Rev 2018; 19(11): 1608–18. doi: 10.1111/obr.12724

 34. Høyer A, Christensen JJ, Arnesen EK, Andersen R, Eneroth 
H, Erkkola M, et al. The Nordic Nutrition Recommendations 
2022 - prioritisation of  topics for de novo systematic reviews. 
Food Nutr Res. 2021; 65: 7828. doi: 10.29219/fnr.v65.7828

 35. Bärebring L, Lamberg-Allardt C, Thorisdottir B, et al. Intake of 
vitamin B12 in relation to vitamin B12 status in groups suscepti-
ble to deficiency: a systematic review. Food Nutr Res. 2023; 67: 
8626. doi: 10.29219/fnr.v67.8626

 36. Wang H, Li L, Qin LL, Song Y, Vidal-Alaball J, Liu TH. Oral 
vitamin B12 versus intramuscular vitamin B12 for vitamin B12 
deficiency. Cochrane Database Syst Rev 2018; 3: CD004655. 
doi: 10.1002/14651858.CD004655.pub3

 37. Allen LH. Bioavailability of vitamin B12. Int J Vitam Nutr Res 
2010; 80(4–5): 330–5. doi: 10.1024/0300-9831/a000041

 38. Herbert V. Recommended dietary intakes (RDI) of vitamin 
B-12 in humans. Am J Clin Nutr 1987; 45: 671–8. doi: 10.1093/
ajcn/45.4.671

 39. Russell RM, Baik H, Kehayias JJ. Older men and women effi-
ciently absorb vitamin B-12 from milk and fortified bread. J 
Nutr 2001; 131(2): 291–3. doi: 10.1093/jn/131.2.291

 40. Chatthanawaree W. Biomarkers of cobalamin (vitamin B12) 
deficiency and its application. J Nutr Health Aging 2011; 15(3): 
227–31. doi: 10.1007/s12603-010-0280-x

 41. Bjorke Monsen AL, Ueland PM, Vollset SE, Guttormsen AB, 
Markestad T, Solheim E, et al. Determinants of cobalamin sta-
tus in newborns. Pediatrics 2001; 108(3): 624–30. doi: 10.1542/
peds.108.3.624

 42. Minet JC, Bisse E, Aebischer CP, Beil A, Wieland H, Lutschg J. 
Assessment of vitamin B-12, folate, and vitamin B-6 status and 
relation to sulfur amino acid metabolism in neonates. Am J Clin 
Nutr 2000; 72(3): 751–7. doi: 10.1093/ajcn/72.3.751

 43. Monsen AL, Refsum H, Markestad T, Ueland PM. Cobalamin 
status and its biochemical markers methylmalonic acid and 
homocysteine in different age groups from 4 days to 19 years. Clin 
Chem 2003; 49(12): 2067–75. doi: 10.1373/clinchem.2003.019869

 44. Bjørke-Monsen AL, Torsvik I, Saetran H, Markestad T, 
Ueland PM. Common metabolic profile in infants indicat-
ing impaired cobalamin status responds to cobalamin sup-
plementation. Pediatrics 2008; 122(1): 83–91. doi: 10.1542/
peds.2007-2716

 45. Greibe E, Lildballe DL, Streym S, Vestergaard P, Rejnmark L, 
Mosekilde L, et al. Cobalamin and haptocorrin in human milk 
and cobalamin-related variables in mother and child: a 9-mo 
longitudinal study. Am J Clin Nutr 2013; 98(2): 389–95. doi: 
10.3945/ajcn.113.058479

 46. Watkins D, Rosenblatt DS. Inborn errors of cobalamin absorp-
tion and metabolism. Am J Med Genet C Semin Med Genet 
2011; 157C(1): 33–44. doi: 10.1002/ajmg.c.30288

 47. Ozarda Y, Sikaris K, Streichert T, Macri J, IFCC Committee 
on Reference intervals and Decision Limits (C-RIDL). 
Distinguishing reference intervals and clinical decision limits 
– a review by the IFCC committee on reference intervals and 
decision limits. Crit Rev Clin Lab Sci 2018; 55(6): 420–31. doi: 
10.1080/10408363.2018.1482256

 48. Smith AD, Refsum H. Do we need to reconsider the desirable 
blood level of vitamin B12? J Intern Med 2012; 271(2): 179–82. 
doi: 10.1111/j.1365-2796.2011.02485.x

 49. Vogiatzoglou A, Oulhaj A, Smith AD, Nurk E, Drevon CA, 
Ueland PM, et al. Determinants of plasma methylmalonic acid 
in a large population: implications for assessment of vitamin 
B12 status. Clin Chem 2009; 55(12): 2198–206. doi: 10.1373/
clinchem.2009.128678

 50. Fenech M. Folate (vitamin B9) and vitamin B12 and their func-
tion in the maintenance of nuclear and mitochondrial genome 
integrity. Mutat Res 2012; 733(1–2): 21–33. doi: 10.1016/j.
mrfmmm.2011.11.003

 51. Bjørke-Monsen AL. Assessment of cobalamin status. Utredning 
av kobalaminstatus. Tidsskr Nor Laegeforen. 2020; 140(9): 
0589. doi: 10.4045/tidsskr.19.0589

 52. Murphy MJ, Brandie F, Ebare M, Harrison M, Dow E, Bartlett 
WA, et al. Personalising laboratory medicine in the ‘real world’: 
assessing clinical utility, by clinical indication, of serum total 
B12 and active-B12(R) (holotranscobalamin) in the diagnosis of 
vitamin B12 deficiency. Ann Clin Biochem 2021; 58(5): 445–51. 
doi: 10.1177/00045632211003605

 53. Hardlei TF, Morkbak AL, Bor MV, Bailey LB, Hvas AM, 
Nexo E. Assessment of vitamin B(12) absorption based on 

http://dx.doi.org/10.29219/fnr.v67.10257
https://doi.org/10.1017/S0007114512004175
https://doi.org/10.1017/S000711451200520X
https://doi.org/10.1007/s12603-012-0042-z
https://doi.org/10.3390/nu10070835
https://doi.org/10.1007/s00394-010-0119-6
https://doi.org/10.1093/aje/kww212
https://doi.org/10.3390/nu7095333
https://doi.org/10.3390/nu7095333
https://doi.org/10.3945/ajcn.115.123083
https://doi.org/10.1042/BSR20171699
https://doi.org/10.1007/s40266-019-00649-w
https://doi.org/10.1007/s40266-019-00649-w
https://doi.org/10.3390/nu11020482
https://doi.org/10.3390/nu11020482
https://doi.org/10.1111/obr.12724
https://doi.org/10.29219/fnr.v65.7828
https://doi.org/10.29219/fnr.v67.8626
https://doi.org/10.1002/14651858.CD004655.pub3
https://doi.org/10.1024/0300-9831/a000041
https://doi.org/10.1093/ajcn/45.4.671
https://doi.org/10.1093/ajcn/45.4.671
https://doi.org/10.1093/jn/131.2.291
https://doi.org/10.1007/s12603-010-0280-x
https://doi.org/10.1542/peds.108.3.624
https://doi.org/10.1542/peds.108.3.624
https://doi.org/10.1093/ajcn/72.3.751
https://doi.org/10.1373/clinchem.2003.019869
https://doi.org/10.1542/peds.2007-2716
https://doi.org/10.1542/peds.2007-2716
https://doi.org/10.3945/ajcn.113.058479
https://doi.org/10.1002/ajmg.c.30288
https://doi.org/10.1080/10408363.2018.1482256
https://doi.org/10.1111/j.1365-2796.2011.02485.x
https://doi.org/10.1373/clinchem.2009.128678
https://doi.org/10.1373/clinchem.2009.128678
https://doi.org/10.1016/j.mrfmmm.2011.11.003
https://doi.org/10.1016/j.mrfmmm.2011.11.003
https://doi.org/10.4045/tidsskr.19.0589
https://doi.org/10.1177/00045632211003605


Citation: Food & Nutrition Research 2023, 67: 10257 - http://dx.doi.org/10.29219/fnr.v67.10257 13
(page number not for citation purpose)

Vitamin B12 – a scoping review

the accumulation of orally administered cyanocobalamin on 
transcobalamin. Clin Chem 2010; 56(3): 432–6. doi: 10.1373/
clinchem.2009.131524

 54. Bor MV, von Castel-Roberts KM, Kauwell GP, Stabler SP, Allen 
RH, Maneval DR, et al. Daily intake of 4 to 7 microg dietary 
vitamin B-12 is associated with steady concentrations of vitamin 
B-12-related biomarkers in a healthy young population. Am J 
Clin Nutr 2010; 91(3): 571–7. doi: 10.3945/ajcn.2009.28082

 55. Riedel BM, Molloy AM, Meyer K, Fredriksen A, Ulvik A, 
Schneede J, et al. Transcobalamin polymorphism 67A->G, but 
not 776C->G, affects serum holotranscobalamin in a cohort 
of healthy middle-aged men and women. J Nutr 2011; 141(10): 
1784–90. doi: 10.3945/jn.111.141960

 56. Herrmann W, Obeid R, Schorr H, Geisel J. The usefulness of 
holotranscobalamin in predicting vitamin B12 status in differ-
ent clinical settings. Curr Drug Metab 2005; 6(1): 47–53. doi: 
10.2174/1389200052997384

 57. Murphy MM, Molloy AM, Ueland PM, Fernandez-Ballart JD, 
Schneede J, Arija V, et al. Longitudinal study of the effect of 
pregnancy on maternal and fetal cobalamin status in healthy 
women and their offspring. J Nutr 2007; 137(8): 1863–7. doi: 
10.1093/jn/137.8.1863

 58. Molloy AM, Pangilinan F, Mills JL, Shane B, O’Neill MB, 
McGaughey DM, et al. A common polymorphism in HIBCH 
influences methylmalonic acid concentrations in blood inde-
pendently of cobalamin. Am J Hum Genet 2016; 98(5): 869–82. 
doi: 10.1016/j.ajhg.2016.03.005

 59. Greibe E, Andreasen BH, Lildballe DL, Morkbak AL, Hvas 
AM, Nexo E. Uptake of cobalamin and markers of cobala-
min status: a longitudinal study of healthy pregnant women. 
Clin Chem Lab Med 2011; 49(11): 1877–82. doi: 10.1515/
CCLM.2011.682

 60. Lemming EW, Pitsi T. The Nordic Nutrition Recommendations 
2022 - food consumption and nutrient intake in the adult popu-
lation of the Nordic and Baltic countries. Food Nutr Res. 2022; 
66: 8572. doi: 10.29219/fnr.v66.8572

 61. Davey GK, Spencer EA, Appleby PN, Allen NE, Knox KH, Key 
TJ. EPIC-Oxford: lifestyle characteristics and nutrient intakes in 
a cohort of 33 883 meat-eaters and 31 546 non meat-eaters in 
the UK. Public Health Nutr 2003; 6(3): 259–69. doi: 10.1079/
PHN2002430

 62. Larsson CL, Johansson GK. Dietary intake and nutritional sta-
tus of young vegans and omnivores in Sweden. Am J Clin Nutr 
2002; 76: 100–6. doi: 10.1093/ajcn/76.1.100

 63. Leblanc JC, Yoon H, Kombadjian A, Verger P. Nutritional 
intakes of vegetarian populations in France. Eur J Clin Nutr 
2000; 54(5): 443–9. doi: 10.1038/sj.ejcn.1600967

 64. Neufingerl N, Eilander A. Nutrient Intake and Status in 
Adults Consuming Plant-Based Diets Compared to Meat-
Eaters: A Systematic Review. Nutrients. 2021; 14(1): 29. 
doi: 10.3390/nu14010029

 65. Zugravu CA, Macri A, Belc N, Bohiltea R. Efficacy of supple-
mentation with methylcobalamin and cyancobalamin in main-
taining the level of serum holotranscobalamin in a group of 
plant-based diet (vegan) adults. Exp Ther Med 2021; 22(3): 993. 
doi: 10.3892/etm.2021.10425

 66. Bryngelsson S, Moshtaghian H, Bianchi M, Hallstrom E. 
Nutritional assessment of plant-based meat analogues on the 
Swedish market. Int J Food Sci Nutr 2022; 73(7): 889–901. doi: 
10.1080/09637486.2022.2078286

 67. Henjum S, Groufh-Jacobsen S, Allen LH, Raael E, Israelsson 
AM, Shahab-Ferdows S, et al. Adequate vitamin B12 and folate 
status of Norwegian vegans and vegetarians [published online 

ahead of print, 2022 Sep 27]. Br J Nutr. 2022; 129(12): 1–8. doi: 
10.1017/S0007114522002987

 68. Greibe E, Nexo E. Forms and amounts of vitamin B12 in infant 
formula: a pilot study. PLoS One 2016; 11(11): e0165458. doi: 
10.1371/journal.pone.0165458

 69. Ford C, Rendle M, Tracy M, Richardson V, Ford H. Vitamin 
B12 levels in human milk during the first nine months of lacta-
tion. Int J Vitam Nutr Res 1996; 66(4): 329–31.

 70. Henjum S, Manger M, Hampel D, Brantsæter AL, Shahab-
Ferdows S, Bastani NE, et al. Vitamin B12 concentrations in 
milk from Norwegian women during the six first months of 
lactation. Eur J Clin Nutr. 2020; 74(5): 749–756. doi: 10.1038/
s41430-020-0567-x. Epub 2020 Jan 30. PMID: 32001810; 
PMCID: PMC7214247.

 71. Elizabeth KE, Krishnan V, Vijayakumar T. Umbilical cord blood 
nutrients in low birth weight babies in relation to birth weight & 
gestational age. Indian J Med Res 2008; 128(2): 128–33.

 72. Lindenbaum J, Healton EB, Savage DG, Brust JC, Garrett 
TJ, Podell ER, et  al. Neuropsychiatric disorders caused by 
cobalamin deficiency in the absence of anemia or macro-
cytosis. N Engl J Med 1988; 318(26): 1720–8. doi: 10.1056/
NEJM198806303182604

 73. Dharmarajan TS, Adiga GU, Norkus EP. Vitamin B12 defi-
ciency. Recognizing subtle symptoms in older adults. Geriatrics 
2003; 58(3): 30–4, 7–8.

 74. Smith AD, Warren MJ, Refsum H. Vitamin B12. Adv Food 
Nutr Res 2018; 83: 215–79. doi: 10.1016/bs.afnr.2017.11.005

 75. Bennett M. Vitamin B12 deficiency, infertility and recurrent 
fetal loss. J Reprod Med 2001; 46(3): 209–12.

 76. Bondevik GT, Schneede J, Refsum H, Lie RT, Ulstein M, Kvale 
G. Homocysteine and methylmalonic acid levels in pregnant 
Nepali women. Should cobalamin supplementation be con-
sidered? Eur J Clin Nutr 2001; 55(10): 856–64. doi: 10.1038/
sj.ejcn.1601236

 77. Kirke PN, Molloy AM, Daly LE, Burke H, Weir DG, Scott JM. 
Maternal plasma folate and vitamin B12 are independent risk 
factors for neural tube defects. Q J Med 1993; 86(11): 703–8.

 78. Banihani SA. Vitamin B12 and Semen Quality. Biomolecules. 
2017; 7(2): 42. doi: 10.3390/biom7020042

 79. Holland D, Chang L, Ernst TM, Curran M, Buchthal SD, Alicata 
D, et al. Structural growth trajectories and rates of change in the 
first 3 months of infant brain development. JAMA Neurol 2014; 
71(10): 1266–74. doi: 10.1001/jamaneurol.2014.1638

 80. Larnkjær A, Christensen SH, Lind MV, Michaelsen KF, 
Mølgaard C. Plasma vitamin B12 concentration is positively 
associated with cognitive development in healthy Danish 3-year-
old children: the SKOT cohort studies. Br J Nutr. 2022; 128(10): 
1946–1954. doi: 10.1017/S0007114521004888

 81. Kang D, Shi B, Erfe MC, Craft N, Li H. Vitamin B12 modu-
lates the transcriptome of the skin microbiota in acne patho-
genesis. Sci Transl Med 2015; 7(293): 293ra103. doi: 10.1126/
scitranslmed.aab2009

 82. Bjørke-Monsen AL, Ulvik A, Nilsen RM, Midttun Ø, Roth C, 
Magnus P, et al. Impact of  Pre-Pregnancy BMI on B Vitamin 
and Inflammatory Status in Early Pregnancy: An Observational 
Cohort Study. Nutrients 2016; 8(12): 776. doi:  10.3390/
nu8120776. PMID: 27916904; PMCID: PMC5188431

 83. Collin SM, Metcalfe C, Refsum H, Lewis SJ, Zuccolo L, 
Smith GD, et  al. Circulating folate, vitamin B12, homocyste-
ine, vitamin B12 transport proteins, and risk of prostate can-
cer: a case-control study, systematic review, and meta-analysis. 
Cancer Epidemiol Biomarkers Prev 2010;19(6):1632–42. doi: 
10.1158/1055-9965.EPI-10-0180

http://dx.doi.org/10.29219/fnr.v67.10257
https://doi.org/10.1373/clinchem.2009.131524
https://doi.org/10.1373/clinchem.2009.131524
https://doi.org/10.3945/ajcn.2009.28082
https://doi.org/10.3945/jn.111.141960
https://doi.org/10.2174/1389200052997384
https://doi.org/10.1093/jn/137.8.1863
https://doi.org/10.1016/j.ajhg.2016.03.005
https://doi.org/10.1515/CCLM.2011.682
https://doi.org/10.1515/CCLM.2011.682
https://doi.org/10.29219/fnr.v66.8572
https://doi.org/10.1079/PHN2002430
https://doi.org/10.1079/PHN2002430
https://doi.org/10.1093/ajcn/76.1.100
https://doi.org/10.1038/sj.ejcn.1600967
https://doi.org/10.3390/nu14010029
https://doi.org/10.3892/etm.2021.10425
https://doi.org/10.1080/09637486.2022.2078286
https://doi.org/10.1017/S0007114522002987
https://doi.org/10.1371/journal.pone.0165458
https://doi.org/10.1038/s41430-020-0567-x
https://doi.org/10.1038/s41430-020-0567-x
https://doi.org/10.1056/NEJM198806303182604
https://doi.org/10.1056/NEJM198806303182604
https://doi.org/10.1016/bs.afnr.2017.11.005
https://doi.org/10.1038/sj.ejcn.1601236
https://doi.org/10.1038/sj.ejcn.1601236
https://doi.org/10.3390/biom7020042
https://doi.org/10.1001/jamaneurol.2014.1638
https://doi.org/10.1017/S0007114521004888
https://doi.org/10.1126/scitranslmed.aab2009
https://doi.org/10.1126/scitranslmed.aab2009
https://doi.org/10.3390/nu8120776
https://doi.org/10.3390/nu8120776
https://doi.org/10.1158/1055-9965.EPI-10-0180


Citation: Food & Nutrition Research 2023, 68: 10257 - http://dx.doi.org/10.29219/fnr.v67.1025714
(page number not for citation purpose)

Anne-Lise Bjørke Monsen and Vegard Lysne

 84. Arendt JFH, Sorensen HT, Horsfall LJ, Petersen I. Elevated 
vitamin B12 levels and cancer risk in UK primary care: a THIN 
database cohort study. Cancer Epidemiol Biomarkers Prev 2019; 
28(4): 814–21. doi: 10.1158/1055-9965.EPI-17-1136

 85. Arendt JF, Pedersen L, Nexo E, Sorensen HT. Elevated plasma 
vitamin B12 levels as a marker for cancer: a population-based 
cohort study. J Natl Cancer Inst 2013; 105(23): 1799–805. doi: 
10.1093/jnci/djt315

 86. Arendt JF, Nexo E. Cobalamin related parameters and disease 
patterns in patients with increased serum cobalamin levels. PLoS 
One 2012; 7(9): e45979. doi: 10.1371/journal.pone.0045979

 87. Andreeva VA, Touvier M, Kesse-Guyot E, Julia C, Galan P, 
Hercberg S. B vitamin and/or omega-3 fatty acid supplemen-
tation and cancer: ancillary findings from the supplementation 
with folate, vitamins B6 and B12, and/or omega-3 fatty acids 
(SU.FOL.OM3) randomized trial. Arch Intern Med 2012; 
172(7): 540–7. doi: 10.1001/archinternmed.2011.1450

 88. Zhang SL, Chen TS, Ma CY, Meng YB, Zhang YF, Chen 
YW, et al. Effect of vitamin B supplementation on cancer inci-
dence, death due to cancer, and total mortality: a PRISMA-
compliant cumulative meta-analysis of randomized controlled 
trials. Medicine (Baltimore) 2016; 95(31): e3485. doi: 10.1097/
MD.0000000000003485

 89. Zhang SM, Cook NR, Albert CM, Gaziano JM, Buring JE, 
Manson JE. Effect of combined folic acid, vitamin B6, and vita-
min B12 on cancer risk in women: a randomized trial. JAMA 
2008; 300(17): 2012–21. doi: 10.1001/jama.2008.555

 90. Sun NH, Huang XZ, Wang SB, Li Y, Wang LY, Wang HC, et al. 
A dose-response meta-analysis reveals an association between 
vitamin B12 and colorectal cancer risk. Public Health Nutr 
2016; 19(8): 1446–56. doi: 10.1017/S136898001500261X

 91. Moore E, Mander A, Ames D, Carne R, Sanders K, Watters D. 
Cognitive impairment and vitamin B12: a review. Int Psychogeriatr 
2012; 24(4): 541–56. doi: 10.1017/S1041610211002511

 92. Malouf R, Areosa Sastre A. Vitamin B12 for cognition. 
Cochrane Database Syst Rev 2003; (3): CD004326. doi: 
10.1002/14651858.CD004326

 93. Smith AD. The worldwide challenge of the dementias: a 
role for B vitamins and homocysteine? Food Nutr Bull 2008;  
29(2 Suppl): S143–72. doi: 10.1177/15648265080292S119

 94. Douaud G, Refsum H, de Jager CA, Jacoby R, Nichols TE, 
Smith SM, et  al. Preventing Alzheimer’s disease-related gray 
matter atrophy by B-vitamin treatment. Proc Natl Acad Sci U S 
A 2013; 110(23): 9523–8. doi: 10.1073/pnas.1301816110

 95. Ma F, Zhou X, Li Q, Zhao J, Song A, An P, et al. Effects of 
folic acid and vitamin B12, alone and in combination on cogni-
tive function and inflammatory factors in the elderly with mild 
cognitive impairment: a single-blind experimental design. Curr 
Alzheimer Res 2019; 16(7): 622–32. doi: 10.2174/1567205016666
190725144629

 96. Kim JM, Stewart R, Kim SW, Yang SJ, Shin IS, Yoon JS. 
Predictive value of folate, vitamin B12 and homocysteine levels 
in late-life depression. Br J Psychiatry 2008; 192(4): 268–74. doi: 
10.1192/bjp.bp.107.039511

 97. Sangle P, Sandhu O, Aftab Z, Anthony AT, Khan S. Vitamin 
B12 supplementation: preventing onset and improving prog-
nosis of depression. Cureus 2020; 12(10): e11169. doi: 10.7759/
cureus.11169

 98. Almeida OP, Ford AH, Flicker L. Systematic review and 
meta-analysis of randomized placebo-controlled trials of folate 
and vitamin B12 for depression. Int Psychogeriatr 2015; 27(5): 
727–37. doi: 10.1017/S1041610215000046

 99. Darby WJ, Bridgforth EB, Le Brocquy J, Clark SL, Jr., 
De Oliveira JD, Kevany J, et  al. Vitamin B12 require-
ment of  adult man. Am J Med 1958; 25(5): 726–32. doi: 
10.1016/0002-9343(58)90010-X

 100. Herbert V. Vitamin B12: plant sources, requirements, and assay. 
Am J Clin Nutr 1988; 48: 852–8. doi: 10.1093/ajcn/48.3.852

 101. EFSA. EFSA Panel on Dietetic Products, Nutrition, and Allergies 
(NDA). Scientific Opinion on Dietary Reference Values for cobal-
amin (vitamin B12) 2015. EFSA Journal 13: 4150. Available from: 
file:///C:/Temp/j.efsa.2015.4150.pdf. accessed 04 March 2022.

 102. Bor MV, Lydeking-Olsen E, Moller J, Nexo E. A daily intake 
of approximately 6 microg vitamin B-12 appears to saturate 
all the vitamin B-12-related variables in Danish postmeno-
pausal women. Am J Clin Nutr 2006; 83(1): 52–8. doi: 10.1093/
ajcn/83.1.52

 103. Vogiatzoglou A, Smith AD, Nurk E, Berstad P, Drevon CA, 
Ueland PM, et  al. Dietary sources of vitamin B-12 and their 
association with plasma vitamin B-12 concentrations in the gen-
eral population: the Hordaland Homocysteine Study. Am J Clin 
Nutr 2009; 89(4): 1078–87. doi: 10.3945/ajcn.2008.26598

 104. Pellinen T, Paivarinta E, Isotalo J, Lehtovirta M, Itkonen ST, 
Korkalo L, et al. Replacing dietary animal-source proteins with 
plant-source proteins changes dietary intake and status of vita-
mins and minerals in healthy adults: a 12-week randomized 
controlled trial. Eur J Nutr 2022; 61(3): 1391–404. doi: 10.1007/
s00394-021-02729-3

 105. Schorah CJ, Smithells RW, Scott J. Vitamin B12 and anenceph-
aly. Lancet 1980; 1: 880. doi: 10.1016/S0140-6736(80)91381-1

 106. Bjorke-Monsen AL, Roth C, Magnus P, Midttun O, Nilsen RM, 
Reichborn-Kjennerud T, et  al. Maternal B vitamin status in 
pregnancy week 18 according to reported use of folic acid sup-
plements. Mol Nutr Food Res 2013; 57(4): 645–52. doi: 10.1002/
mnfr.201200114

 107. Fokkema MR, Woltil HA, van Beusekom CM, Schaafsma A, 
Dijck-Brouwer DA, Muskiet FA. Plasma total homocysteine 
increases from day 20 to 40 in breastfed but not formula-fed 
low-birthweight infants. Acta Paediatr 2002; 91(5): 507–11. doi: 
10.1111/j.1651-2227.2002.tb03268.x

 108. Hay G, Trygg K, Whitelaw A, Johnston C, Refsum H. Folate 
and cobalamin status in relation to diet in healthy 2-y-old 
children. Am J Clin Nutr 2011; 93(4): 727–35. doi: 10.3945/
ajcn.110.003426

 109. Folkehelseinstituttet. UNGKOST 3 Landsomfattende kost-
holdsundersøkelse blant elever i 4. -og 8. klasse i. 2015. Available 
from: https://www.fhi.no/globalassets/dokumenterfiler/rapporter/ 
2016/ungkost-rapport-24.06.16.pdf. accessed 04 March 2022.

 110. Bjørke Monsen AL, Ueland PM. Homocysteine and methyl-
malonic acid in diagnosis and risk assessment from infancy to 
adolescence. Am J Clin Nutr 2003; 78(1): 7–21. doi: 10.1093/
ajcn/78.1.7

 111. MacFarlane AJ, Shi Y, Greene-Finestone LS. High-dose com-
pared with low-dose vitamin B-12 supplement use is not asso-
ciated with higher vitamin B-12 status in children, adolescents, 
and older adults. J Nutr 2014; 144(6): 915–20. doi: 10.3945/
jn.113.190256

*Anne-Lise Bjørke Monsen
Department of Medical Biochemistry and Pharmacology
Haukeland University Hospital
Bergen, Norway
Email: almo@helse-bergen.no

http://dx.doi.org/10.29219/fnr.v67.10257
https://doi.org/10.1158/1055-9965.EPI-17-1136
https://doi.org/10.1093/jnci/djt315
https://doi.org/10.1371/journal.pone.0045979
https://doi.org/10.1001/archinternmed.2011.1450
https://doi.org/10.1097/MD.0000000000003485
https://doi.org/10.1097/MD.0000000000003485
https://doi.org/10.1001/jama.2008.555
https://doi.org/10.1017/S136898001500261X
https://doi.org/10.1017/S1041610211002511
https://doi.org/10.1002/14651858.CD004326
https://doi.org/10.1177/15648265080292S119
https://doi.org/10.1073/pnas.1301816110
https://doi.org/10.2174/1567205016666190725144629
https://doi.org/10.2174/1567205016666190725144629
https://doi.org/10.1192/bjp.bp.107.039511
https://doi.org/10.7759/cureus.11169
https://doi.org/10.7759/cureus.11169
https://doi.org/10.1017/S1041610215000046
https://doi.org/10.1016/0002-9343(58)90010-X
https://doi.org/10.1093/ajcn/48.3.852
http://file:///C:/Temp/j.efsa.2015.4150.pdf
https://doi.org/10.1093/ajcn/83.1.52
https://doi.org/10.1093/ajcn/83.1.52
https://doi.org/10.3945/ajcn.2008.26598
https://doi.org/10.1007/s00394-021-02729-3
https://doi.org/10.1007/s00394-021-02729-3
https://doi.org/10.1016/S0140-6736(80)91381-1
https://doi.org/10.1002/mnfr.201200114
https://doi.org/10.1002/mnfr.201200114
https://doi.org/10.1111/j.1651-2227.2002.tb03268.x
https://doi.org/10.3945/ajcn.110.003426
https://doi.org/10.3945/ajcn.110.003426
https://www.fhi.no/globalassets/dokumenterfiler/rapporter/2016/ungkost-rapport-24.06.16.pdf
https://www.fhi.no/globalassets/dokumenterfiler/rapporter/2016/ungkost-rapport-24.06.16.pdf
https://doi.org/10.1093/ajcn/78.1.7
https://doi.org/10.1093/ajcn/78.1.7
https://doi.org/10.3945/jn.113.190256
https://doi.org/10.3945/jn.113.190256
mailto:almo@helse-bergen.no

