
  EFSA Journal 20YY;volume(issue):NNNN 

 

Suggested citation: EFSA NDA Panel (EFSA Panel on Dietetic Products, Nutrition and Allergies), 2015. Draft Scientific 

opinion on Dietary Reference Values for cobalamin (vitamin B12). EFSA Journal 20YY; volume(issue):NNNN, 62 pp. 

doi:10.2903/j.efsa.20YY.NNNN  

Available online: www.efsa.europa.eu/efsajournal  

© European Food Safety Authority, 20YY 

DRAFT SCIENTIFIC OPINION 1 

Scientific Opinion on Dietary Reference Values for cobalamin 2 

(vitamin B12)
1
 3 

EFSA Panel Panel on Dietetic Products, Nutrition, and Allergies (NDA)
2,3

 4 

European Food Safety Authority (EFSA), Parma, Italy 5 

 6 

ABSTRACT 7 

Following a request from the European Commission, the Panel on Dietetic Products, Nutrition and Allergies 8 
(NDA) derived Dietary Reference Values (DRVs) for cobalamin (vitamin B12). The Panel considers that the 9 
approach based on a combination of biomarkers of cobalamin status, i.e. serum cobalamin, holotranscobalamin 10 
(holoTC), methylmalonic acid (MMA) and plasma total homocysteine (tHcy), is the most suitable approach to 11 
derive DRVs for cobalamin. The Panel notes the uncertainties with respect to cut-off values for cobalamin 12 
insufficiency of these indicators and that an Average Requirement (AR) cannot be determined from the limited 13 
data available. There is consistent evidence in adults that a cobalamin intake of 4 µg/day and above is associated 14 
with serum concentrations of holoTC and cobalamin within the reference ranges derived from healthy subjects, 15 
together with MMA and tHcy concentrations below proposed cut-off values in adults, which indicates an 16 
adequate cobalamin status. Therefore, the Panel sets an Adequate Intake (AI) for cobalamin at 4 µg/day for 17 
adults based on the data on different biomarkers of cobalamin status and in consideration of observed mean 18 
intakes, which range between 4.2 and 8.6 μg/day in adults in several EU countries. AIs for infants and children 19 
are calculated by extrapolation from the AI for adults using allometric scaling and application of a growth factor. 20 
Estimated AIs range from 1.5 µg/day in infants aged 7–11 months to 4 µg/day in children aged 14–17 years. For 21 
pregnancy and lactation, additional cobalamin intakes related to the accumulation of cobalamin in fetal tissues 22 
and transfer of cobalamin into breast milk were considered and AIs of 4.5 and 5 µg/day, respectively, are 23 
proposed. 24 
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SUMMARY 30 

Following a request from the European Commission, the EFSA Panel on Dietetic Products, Nutrition 31 

and Allergies (NDA) was asked to deliver a scientific opinion on Dietary Reference Values for the 32 

European population, including cobalamin (vitamin B12).  33 

Cobalamin is a metal complex with a central cobalt atom bonded to six ligands. The upper or β-axial 34 

ligand varies (R-group: cyano-, hydroxo-, aquo-, methyl-, or adenosyl-group), giving rise to the 35 

correspondingly named chemical forms of the vitamin. In humans, two reactions are known to require 36 

cobalamin as coenzyme. One is the rearrangement of methylmalonyl-coenzyme A (CoA) to succinyl-37 

CoA in propionate metabolism by methylmalonyl-CoA mutase in mitochondria. The other is the 38 

cytosolic transmethylation of homocysteine by 5-methyl-tetrahydrofolate to methionine by methionine 39 

synthase. The most frequent clinical expression of cobalamin deficiency is megaloblastic anaemia. 40 

Independent of megaloblastic anaemia, neurological dysfunction is another feature of clinical 41 

cobalamin deficiency. Cobalamin insufficiency is characterised by biochemical abnormalities, such as 42 

elevated total homocysteine (tHcy) and/or methylmalonic acid (MMA) concentrations in blood 43 

resulting from impaired cobalamin metabolic activity, with no specific clinical symptoms. 44 

Cobalamin absorption consists of several steps, including its release from proteins, its binding by 45 

gastric intrinsic factor and the absorption of intrinsic factor-cobalamin complexes through receptor-46 

mediated endocytosis in the terminal ileum. Fractional absorption of cobalamin appears to be highly 47 

variable, depending on the dietary source, the amount of cobalamin ingested, the ability to release 48 

cobalamin from food and to the proper functioning of the intrinsic factor system. The Panel considers 49 

a fractional cobalamin absorption of 40 % as a conservative estimate. 50 

In plasma, cobalamin is bound to the cobalamin-binding proteins transcobalamin (TC) and 51 

haptocorrin. HoloTC is the physiologically active form of cobalamin that delivers the vitamin to cells. 52 

Intracellular cobalamin concentration is maintained by modulating the expression of holoTC receptor, 53 

with an efflux system that shunts the excess cobalamin out of the cells. In contrast, cobalamin 54 

accumulates in the liver and kidney. Various studies have indicated losses of 0.1–0.2 % of the 55 

cobalamin pool per day, regardless of the size of the store. The highest losses of cobalamin occur 56 

through the faeces, which include cobalamin secreted in the bile. If the circulating cobalamin exceeds 57 

the cobalamin binding capacity of the blood, the excess is excreted in the urine. 58 

Main biomarkers of cobalamin status include blood concentrations of cobalamin, holoTC and the 59 

metabolites MMA and tHcy. The sensitivity and specificity of these biomarkers can be affected by 60 

factors unrelated to cobalamin status. The limitations of all biomarkers make a combination of 61 

biomarkers necessary to assess cobalamin status. 62 

From experimental data in individuals with pernicious anaemia in remission, an amount of 1.5–2 µg 63 

cobalamin/day represents a minimum requirement for maintenance of a normal haematological status 64 

associated with low body stores of 1–2 mg. Based on a factorial approach and estimating daily 65 

obligatory losses of cobalamin, estimated cobalamin requirement ranges between 4 and 20 µg/day, 66 

which reflects the large uncertainties associated with this approach. The Panel considers the approach 67 

based on a combination of cobalamin biomarkers of status as the most suitable approach to derive 68 

DRVs for cobalamin for adults. The Panel notes the uncertainties with respect to cut-off values for 69 

cobalamin insufficiency of these indicators and that an Average Requirement (AR) cannot be 70 

determined from the limited data available. There is consistent evidence from observational and 71 

intervention studies that a cobalamin intake of 4 µg/day and above is associated with serum 72 

concentrations of holoTC and cobalamin within the reference ranges derived from healthy subjects, 73 

together with MMA and tHcy concentrations below proposed cut-off values in adults, which indicates 74 

an adequate cobalamin status. Therefore, the Panel sets an AI for cobalamin at 4 µg/day for adults 75 

based on the data on different biomarkers of cobalamin status and in consideration of observed mean 76 

intakes, which range between 4.2 and 8.6 μg/day in adults in several EU countries. 77 
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The Panel considers that there are insufficient data to derive an AR for infants and children. Therefore, 78 

AIs are calculated by extrapolation from the AI for adults. Allometric scaling was used on the 79 

assumption that cobalamin requirement is related to metabolically active body mass, and growth 80 

factors were applied. After rounding, estimated AIs range from 1.5 µg/day in infants aged 7–81 

11 months to 4 µg/day in children aged 14–17 years. 82 

For pregnant women, an additional cobalamin intake of 0.5 μg/day compared to the AI for non-83 

pregnant women is proposed in consideration of a fetal accumulation of 0.2 μg cobalamin/day and of 84 

40 % absorption efficiency. This addition results in an AI of 4.5 μg/day for pregnant women. 85 

For lactating women, an increase in the AI is based on the cobalamin intake required to compensate 86 

for the amount of cobalamin secreted in breast milk. Considering a cobalamin concentration of 87 

0.5 μg/L and a mean milk transfer of 0.8 L/day during the first six months of lactation in exclusively 88 

breastfeeding women, an average secretion with breast milk of 0.4 μg cobalamin/day is estimated. 89 

Taking into account 40 % absorption efficiency, a mean cobalamin intake of 1.0 μg/day is required to 90 

replace this amount of cobalamin and results in an AI of 5 μg/day for lactating women. 91 

Based on data from 13 dietary surveys in nine European Union countries, average cobalamin intake 92 

ranges across countries were 0.8–2.1 μg/day in infants < 1 year, 2.2–4.0 μg/day in children aged 1 to 93 

< 3 years, 2.6–5.7 μg/day in children aged 3 to < 10 years, 3.3–6.6 μg/day in children aged 10 to 94 

< 18 years and 4.2–8.6 μg/day in adults.  95 
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BACKGROUND AS PROVIDED BY THE EUROPEAN COMMISSION 171 

The scientific advice on nutrient intakes is important as the basis of Community action in the field of 172 

nutrition, for example, such advice has in the past been used as the basis of nutrition labelling. The 173 

Scientific Committee for Food (SCF) report on nutrient and energy intakes for the European 174 

Community dates from 1993. There is a need to review and, if necessary, to update these earlier 175 

recommendations to ensure that the Community action in the area of nutrition is underpinned by the 176 

latest scientific advice. 177 

In 1993, the SCF adopted an opinion on the nutrient and energy intakes for the European Community.
4
 178 

The report provided Reference Intakes for energy, certain macronutrients and micronutrients, but it did 179 

not include certain substances of physiological importance, for example dietary fibre. 180 

Since then new scientific data have become available for some of the nutrients, and scientific advisory 181 

bodies in many European Union Member States and in the United States have reported on 182 

recommended dietary intakes. For a number of nutrients these newly established (national) 183 

recommendations differ from the reference intakes in the SCF (1993) report. Although there is 184 

considerable consensus between these newly derived (national) recommendations, differing opinions 185 

remain on some of the recommendations. Therefore, there is a need to review the existing EU 186 

Reference Intakes in the light of new scientific evidence, and taking into account the more recently 187 

reported national recommendations. There is also a need to include dietary components that were not 188 

covered in the SCF opinion of 1993, such as dietary fibre, and to consider whether it might be 189 

appropriate to establish reference intakes for other (essential) substances with a physiological effect. 190 

In this context EFSA is requested to consider the existing Population Reference Intakes for energy, 191 

micro- and macronutrients and certain other dietary components, to review and complete the SCF 192 

recommendations, in the light of new evidence, and in addition advise on a Population Reference 193 

Intake for dietary fibre. 194 

For communication of nutrition and healthy eating messages to the public it is generally more 195 

appropriate to express recommendations for the intake of individual nutrients or substances in food-196 

based terms. In this context EFSA is asked to provide assistance on the translation of nutrient based 197 

recommendations for a healthy diet into food based recommendations intended for the population as a 198 

whole. 199 

TERMS OF REFERENCE AS PROVIDED BY THE EUROPEAN COMMISSION 200 

In accordance with Article 29 (1)(a) and Article 31 of Regulation (EC) No 178/2002,
5
 the Commission 201 

requests EFSA to review the existing advice of the Scientific Committee for Food on population 202 

reference intakes for energy, nutrients and other substances with a nutritional or physiological effect in 203 

the context of a balanced diet which, when part of an overall healthy lifestyle, contribute to good 204 

health through optimal nutrition. 205 

In the first instance EFSA is asked to provide advice on energy, macronutrients and dietary fibre. 206 

Specifically advice is requested on the following dietary components:  207 

 Carbohydrates, including sugars; 208 

 Fats, including saturated fatty acids, polyunsaturated fatty acids and monounsaturated fatty 209 

acids, trans fatty acids; 210 

                                                      
4  Scientific Committee for Food, Nutrient and energy intakes for the European Community, Reports of the Scientific 

Committee for Food 31st series, Office for Official Publication of the European Communities, Luxembourg, 1993. 
5  Regulation (EC) No 178/2002 of the European Parliament and of the Council of 28 January 2002 laying down the general 

principles and requirements of food law, establishing the European Food Safety Authority and laying down procedures in 

matters of food safety. OJ L 31, 1.2.2002, p. 1-24. 
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 Protein; 211 

 Dietary fibre. 212 

Following on from the first part of the task, EFSA is asked to advise on population reference intakes 213 

of micronutrients in the diet and, if considered appropriate, other essential substances with a 214 

nutritional or physiological effect in the context of a balanced diet which, when part of an overall 215 

healthy lifestyle, contribute to good health through optimal nutrition. 216 

Finally, EFSA is asked to provide guidance on the translation of nutrient based dietary advice into 217 

guidance, intended for the European population as a whole, on the contribution of different foods or 218 

categories of foods to an overall diet that would help to maintain good health through optimal nutrition 219 

(food-based dietary guidelines). 220 

221 
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ASSESSMENT 222 

1. Introduction 223 

Vitamin B12 is the generic descriptor for those corrinoid compounds exhibiting qualitatively the 224 

biological activity of cobalamin. The term cobalamin will be used throughout this opinion. 225 

In 1993, the Scientific Committee for Food (SCF) adopted an opinion on the nutrient and energy 226 

intakes for the European Community and derived a Lowest Threshold Intake (LTI), an Average 227 

Requirement (AR) and a Population Reference Intake (PRI) for cobalamin for adults (SCF, 1993). The 228 

SCF also set PRIs for infants aged 6–11 months and for children. The SCF proposed additional intakes 229 

for pregnant and lactating women to be added to the PRI for non-pregnant non-lactating women.  230 

2. Definition/category 231 

2.1. Chemistry 232 

Cobalamin is a metal complex of ~ 1 300–1 500 Da, constituted by a corrin ring and a central cobalt 233 

(III) ion bonded to six ligands, four of which are reduced pyrroles forming the corrin ring. The α-axial 234 

ligand, extending below the corrin ring, is a 5,6-dimethylbenzimidazole linked through a 235 

phosphoribosyl moiety to the corrin ring. The upper or β-axial ligand varies and may be a methyl-, 236 

adenosyl-, hydroxo-, aquo- or cyano-group, giving rise to the correspondingly named chemical forms 237 

of the vitamin. The cobalt ion cycles from Co(III) to Co(II) and to Co(I) during its catalytic activity 238 

(Froese and Gravel, 2010). 239 

Methylcobalamin (MeCbl) and 5′-deoxyadenosylcobalamin (AdoCbl) are the forms that function as 240 

coenzymes for metabolic reactions. Hydroxocobalamin (OHCbl) or aquocobalamin are intermediates 241 

formed during the synthesis of the coenzyme forms (Green, 2012). Cyanocobalamin (CNCbl) is a 242 

stable synthetic form that does not occur in living organisms naturally, but is used for addition to food 243 

and food supplements and in drugs. 244 

Other forms including sulfito-, nitrite-, and glutathionyl-derivatives of cobalamin have also been 245 

described (Green, 2012). 246 

2.2. Function of cobalamin 247 

2.2.1. Biochemical functions 248 

In humans, two reactions are known to require cobalamin as coenzyme. One is the rearrangement of 249 

methylmalonyl-coenzyme A (CoA) to succinyl-CoA in propionate metabolism by methylmalonyl-250 

CoA mutase in mitochondria. The other is the cytosolic transmethylation of homocysteine by 5-251 

methyl-tetrahydrofolate (5-methyl-THF) to methionine by methionine synthase (Ludwig and 252 

Matthews, 1997; Matthews et al., 1998). 253 

Cobalamin and folate interact in the latter reaction. Without adequate supplies of both vitamins, the 254 

synthesis of methionine and its derivative S-adenosyl-methionine (SAM) is disrupted, with profound 255 

effects on normal cellular function. Methionine is an essential amino acid, whose availability for its 256 

various metabolic functions depends critically on recycling through the remethylation pathway. SAM 257 

is the universal methyl donor in over 100 transmethylation reactions involving amino acid, nucleotide, 258 

neurotransmitter, and phospholipid metabolism, as well as detoxification reactions. Tetrahydrofolate 259 

(THF), the fully reduced form of folate, is another product of the methionine synthase reaction (Scott, 260 

1999). 261 
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2.2.2. Health consequences of deficiency and excess 262 

2.2.2.1. Deficiency 263 

The most frequent clinical expression of cobalamin deficiency is megaloblastic anaemia, which affects 264 

red blood cells and all other blood cells (Chanarin, 1969; Carmel, 2009). The later stages feature 265 

symptoms resulting from impaired oxygen delivery, such as fatigue or shortness of breath. Because of 266 

the interrelated functions of cobalamin and folate, anaemia and its mechanisms are identical in 267 

deficiencies of both vitamins, but the onset occurs later in cobalamin deficiency (Herbert, 1962; 268 

Chanarin, 1969; Carmel, 2009). 269 

Independent of megaloblastic anaemia, neurological dysfunction (including symptoms such as sensory 270 

and motor impairment, ataxia, memory impairment, depression, delirium) is another feature of clinical 271 

cobalamin deficiency due to progressive lesions of the spinal cord termed funicular myelosis. In 272 

infants, cobalamin deficiency results in a number of neuromuscular and developmental symptoms and 273 

may be associated with cerebral atrophy (Dror and Allen, 2008). 274 

Cobalamin insufficiency is characterised by biochemical abnormalities, such as elevated total 275 

homocysteine (tHcy) and/or methylmalonic acid (MMA) concentrations in blood and urine resulting 276 

from impaired metabolic cobalamin activity with no specific clinical symptoms (Allen et al., 1993; 277 

Ubbink, 1997). Increases in tHcy and/or MMA are observed in conditions of mild malabsorption of 278 

food-bound cobalamin that may not inevitably progress to the advanced deficiency stages resulting in 279 

anaemia and/or funicular myelosis as is the case in severe intrinsic factor-related malabsorption 280 

(pernicious anaemia). The pathogenic potential related to such abnormalities is unclear (Carmel, 281 

2011). 282 

Causes of clinical deficiency are inherited (Imerslund-Gräsbeck syndrome) or acquired defects such as 283 

pernicious anaemia resulting in malabsorption, or the impairment of transport of the vitamin within the 284 

body. Dietary deficiency is rare in adults living in developed countries, but is more often reported in 285 

vegans (Pawlak et al., 2013) or those living in less developed countries (Stabler and Allen, 2004). 286 

The neonatal period is thought to be a period of special vulnerability to cobalamin insufficiency and 287 

clinical deficiency (Molloy et al., 2008). Maternal and infant cobalamin status, as measured by serum 288 

cobalamin, holotranscobalamin (holoTC), MMA and tHcy concentrations, have been reported to be 289 

strongly associated at birth and six months of age (Doscherholmen et al., 1978; Doets et al., 2013a). A 290 

summary of case studies on infants from mothers with undetected pernicious anaemia or adhering to 291 

strict veganism indicates that clinical symptoms of deficiency appear in infants at around four to seven 292 

months of age (Dror and Allen, 2008). After treatment with cobalamin injection (typically 1 mg 293 

intramuscularly for four days), reversal of neuromuscular manifestations was observed in most cases, 294 

while psychomotor and cognitive developmental delays were reported not to be reversed in about 40–295 

50 % of cases. In all cases, the infants were exclusively breast-fed indicating that the low cobalamin 296 

concentration of breast milk due to veganism or pernicious anaemia in some of the mothers was a 297 

contributing factor.  298 

Frequent causes of a decline in cobalamin status and/or clinical cobalamin deficiency in older adults 299 

are malabsorption of cobalamin bound to food as a consequence of atrophic gastritis (Carmel, 1997) 300 

and pernicious anaemia (Matthews, 1995; Andres et al., 2004; Bizzaro and Antico, 2014). Besides 301 

Helicobacter pylori infection (Andres et al., 2005), long-term ingestion of H2-blockers or proton 302 

pump inhibitors (Howden, 2000; Andres et al., 2003) and biguanides (Bauman et al., 2000) are 303 

common causes of atrophic gastritis in older adults. The frequency of cobalamin-related biochemical 304 

abnormalities is 5–15 % in older adults (Lindenbaum et al., 1994; Carmel et al., 1999; Clarke et al., 305 

2007). The prevalence of pernicious anaemia has been reported to usually occur after the age of 30 306 

years, to increase with age (Bizzaro and Antico, 2014) and to account for 15–20 % of cases of 307 

cobalamin deficiency (Andres et al., 2004). 308 
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2.2.2.2. Excess 309 

As reported by the SCF (2000), no adverse effects have been associated with excess cobalamin intake 310 

from food or supplements in healthy individuals. Long-term oral or parenteral administration of daily 311 

cobalamin doses between 1 and 5 mg given to patients with compromised cobalamin absorption did 312 

not reveal adverse effects. There is no evidence relating cobalamin to teratogenicity or adverse effects 313 

on fertility or post-natal development. Cobalamin has not been found to be carcinogenic or genotoxic 314 

in vitro or in vivo. Thus, no adverse effects were identified that could be used as a basis for deriving a 315 

Tolerable Upper Intake Level (UL) (SCF, 2000). 316 

2.3. Physiology and metabolism 317 

2.3.1. Intestinal absorption 318 

Cobalamin absorption consists of several steps, defects of which can result in reduced or absent uptake 319 

of dietary cobalamin. 320 

Cobalamin in foods is generally complexed with proteins. The release of cobalamin from food takes 321 

place largely in the stomach under the influence of hydrochloric acid and pepsin. During this process, 322 

salivary haptocorrins bind with food cobalamin. In the duodenum, cobalamin is released from its 323 

complex with haptocorrin through the combined effects of pancreatic bicarbonate and proteolytic 324 

enzymes. Free cobalamin is then bound by gastric intrinsic factor (IF). In the terminal ileum, IF-325 

cobalamin complexes are absorbed through receptor-mediated endocytosis. Cobalamin is then released 326 

and IF degraded in lysosomes. Cobalamin is finally metabolised to its methyl- and deoxyadenosyl-327 

derivatives. The vitamin enters plasma primarily in the form of MeCbl (Green, 2012). 328 

The intestinal absorption mediated by IF is estimated to be saturated at about 1.5–2.0 μg cobalamin 329 

per meal under physiological conditions (Chanarin, 1969). Agents that stimulate acid secretion are 330 

supposed to stimulate IF secretion and an excess of IF is generally available with normal gastric 331 

secretion (Chanarin, 1969). Besides the amount of IF, the number of intestinal receptors for the 332 

cobalamin-IF complex is one of the factors that limit the absorption of cobalamin ingested in 333 

physiological quantities (Grasbeck and Salonen, 1976). Under favourable conditions, healthy persons 334 

may absorb more than 10 μg cobalamin/day (Grasbeck, 1984). When increasing doses of cobalamin 335 

are given orally, the fraction absorbed decreases rapidly and the amount absorbed approaches a 336 

plateau (Glass et al., 1954; Adams et al., 1971). When the IF system capacity is exceeded, cobalamin 337 

absorption becomes dependent on passive, nonspecific mechanisms which are much less efficient (1– 338 

2 % of the dose) (Berlin et al., 1968; Chanarin, 1969). 339 

In a recent systematic review on cobalamin absorption and losses, the results of eight studies using 340 

intrinsic cobalamin radiolabelling (
57

Co, 
58

Co or 
60

Co) of various foods were considered, including a 341 

total of 115 tests in healthy subjects and subjects with a disease not affecting cobalamin absorption 342 

(Doets et al., 2013b). Subjects were between 17 and 55 years of age or described as “young” apart 343 

from four subjects described as “old”. By the faecal excretion method, estimates of fractional 344 

absorption obtained ranged from 10 % (coefficient of variation [CV] = 84 %) at a dose of ~ 3 µg from 345 

rabbit liver to 65 % (CV = 13 %) at a dose of ~ 0.5 μg from chicken meat (Reizenstein and Nyberg, 346 

1959; Doscherholmen and Swaim, 1973; Doscherholmen et al., 1975, 1976, 1978; Doscherholmen et 347 

al., 1981; Kittang et al., 1985). By whole body counting, values from 4.5 % (CV = 38 %) at a dose of 348 

~ 38 µg from mutton liver to 83 % (CV = 11 %) at a dose of ~ 3 μg from mutton meat were reported 349 

(Heyssel et al., 1966). Two studies observed cobalamin absorption of more than 50 % with doses 350 

ranging between 0.42 and 5.11 μg cobalamin (Heyssel et al., 1966; Doscherholmen et al., 1978), while 351 

it was lower in the other studies. Overall, the absolute amount of cobalamin absorbed (Ai) appears to 352 

increase with increasing doses of cobalamin (Di), while fractional absorption decreases. The 353 

relationship was estimated as ln(Ai) = 0.7694 × ln(Di) – 0.9614 (r
2 
= 0.78). Considering usual 354 

cobalamin intakes among adults across Europe of 3.5–9.3 μg/day (Vinas et al., 2011), and assuming 355 

that each day three meals contribute equal amounts of cobalamin (i.e. 1.2–3.1 μg per meal), the 356 

authors estimated that the fractional cobalamin absorption from diet ranges between 29 % and 37 %. 357 
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The Panel notes that the regression equation by Doets et al. (2013b) is based on cobalamin absorption 358 

measures from varying foods and doses in small numbers of subjects, which limit the robustness of the 359 

relationship derived from these data. At a given dose level, fractional absorption has been observed to 360 

be rather variable and may depend on the dietary source and other factors. Absorption data were 361 

available from a small number of food categories and did not include, for example, milk and dairy 362 

products. 363 

On the basis of the same experimental data, other expert bodies have generally assumed that around 364 

50 % of cobalamin in a typical meal is actively absorbed if the IF system is intact (Netherlands Food 365 

and Nutrition Council, 1992; IOM, 1998; WHO/FAO, 2004; D-A-CH, 2013). 366 

The Panel notes that the fractional absorption of cobalamin appears to be highly variable, depending 367 

on the dietary source, the amount ingested, the ability to release cobalamin from food and to the 368 

proper functioning of the IF system. No studies have assessed the fractional absorption of cobalamin 369 

from specific diets or as a function of cobalamin status. Despite of its limitations, the analysis by 370 

Doets et al. (2013b) suggests that the generally assumed fractional cobalamin absorption of 50 % from 371 

a typical meal may overestimate cobalamin absorption at habitual cobalamin intake levels in Europe. 372 

Given the uncertainties and shortcomings inherent in available estimates of cobalamin absorption, the 373 

Panel considers a fractional cobalamin absorption of 40 % as a more conservative estimate. 374 

2.3.2. Transport in blood 375 

In plasma, cobalamin is bound to the cobalamin-binding proteins transcobalamin (TC) and 376 

haptocorrin. TC has a half-life of about 18 hours and is sensitive to changes in cobalamin intake (Hom 377 

and Olesen, 1969). Most cells can synthesise TC including the vascular endothelium. Especially the 378 

latter is assumed to maintain the concentration of this protein in the circulation (Quadros et al., 1989; 379 

Quadros and Sequeira, 2013). TC combines with cobalamin at the ileal cell to holoTC and rapidly 380 

delivers cobalamin to tissues (Nexø and Gimsing, 1975). Newly ingested cobalamin, as holoTC, can 381 

first be detected in the blood 3 hours after intake with a maximum plasma concentration occurring at 382 

8–12 hours (Hom and Olesen, 1969; Nexø and Gimsing, 1975). Once in the circulation, holoTC has a 383 

short half-life of 60–90 minutes (Quadros and Sequeira, 2013). HoloTC is the critical fraction of 384 

serum cobalamin, as only TC-bound cobalamin can be taken up by body cells, notably by rapidly 385 

proliferating cells including bone marrow precursors (Seetharam and Li, 2000). Usually, holoTC 386 

accounts for 10–30 % of total plasma cobalamin and values for TC saturation have been reported 387 

between 3.8 % and 17.9 % (5
th
 – 95

th
 percentiles) (Refsum et al., 2006). 388 

The major residual fraction of plasma cobalamin (~ 70–90 %) is attached to haptocorrins (formerly 389 

named transcobalamin I and III) (Nexø et al., 2002; Refsum et al., 2006), which are largely saturated 390 

with cobalamin, including metabolically inert cobalamin analogues (Hardlei and Nexø, 2009), and 391 

have a half-life of 9–10 days (Hom and Olesen, 1969). A high expression of haptocorrin mRNA has 392 

been shown in bone marrow, salivary gland and stomach, while there are inconsistencies with regard 393 

to the occurrence of haptocorrin mRNA in a number of other tissues (Mørkbak et al., 2007c). The 394 

function of haptocorrins is largely unknown; apart from their involvement in cobalamin storage, a role 395 

in the clearance of cobalamin analogues has been suggested (Ermens et al., 2003). 396 

2.3.3. Distribution to tissues  397 

HoloTC rapidly delivers cobalamin to all tissues and is internalised by endocytosis through the 398 

specific, calcium-dependent transcobalamin receptor (TCblR), which is ubiquitous in the body (Hall 399 

and Finkler, 1963; Finkler and Hall, 1967; Quadros et al., 2009; Jiang et al., 2010; Quadros and 400 

Sequeira, 2013). Megalin, another calcium-dependent multiligand receptor for holoTC, has been 401 

identified in kidneys, intestine, yolk sac and other tissues (Moestrup and Verroust, 2004). 402 

Intracellular cobalamin concentration is maintained by modulating the expression of the receptor, with 403 

highest expression in actively proliferating cells and an efflux system that shunts the excess cobalamin 404 

out of the cells (Quadros and Sequeira, 2013). In contrast, cobalamin accumulates in the liver and 405 
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kidney. Cobalamin accumulation in the kidney may be attributed to binding of holoTC to megalin 406 

receptors (Moestrup et al., 1996; Moestrup and Verroust, 2001). Uptake of cobalamin bound to 407 

haptocorrin by the asialoglycoprotein receptor has been suggested to be the mechanism for cobalamin 408 

accumulation in hepatocytes (Ashwell and Morell, 1974; Alpers, 1999). Haptocorrins are involved in 409 

cellular cobalamin uptake solely in hepatocytes (Mørkbak et al., 2006). 410 

The transfer of cobalamin to the fetal circulation in humans appears to involve holoTC binding sites 411 

on the trophoblast cell surface which modulate holoTC uptake. No such binding appears mandatory 412 

for the uptake of free cobalamin. The human placenta is capable not only of concentrating cobalamin 413 

but also of binding cobalamin to placental haptocorrins and TC for release back into the maternal or 414 

fetal circulation, thus regulating the transplacental movement of cobalamin (Miller et al., 1993; Perez-415 

D'Gregorio and Miller, 1998). 416 

2.3.4. Storage 417 

The average cobalamin content of the body was estimated to be 2–3 mg in healthy adults (range: 1–418 

6 mg), using whole-body counting after oral or parenteral administration of radioactive cobalamin 419 

(Reizenstein et al., 1966; Adams, 1970); lower mean body stores were found in patients with 420 

pernicious anaemia (Adams et al., 1972; Bessent et al., 1980). Earlier mean estimates obtained post 421 

mortem from patients with various diseases varied between 2 and 5 mg (Grasbeck et al., 1958; Adams, 422 

1962; Heinrich, 1964). Studies included small numbers of subjects (n = 4–22), and large inter-423 

individual variability was observed. 424 

Around 50 % of total body cobalamin is found in the liver, with a mean cobalamin concentration of 425 

about 1.0 µg/g of liver tissue in healthy adults (Kato et al., 1959; Stahlberg et al., 1967). Haptocorrin-426 

bound cobalamin is assumed to account for most of the stored cobalamin in liver (Alpers, 1999). 427 

Significant amounts of cobalamin are also found in the kidneys (Moestrup et al., 1996; Birn, 2006; 428 

Swartzlander et al., 2012). In contrast, cobalamin does not appear to accumulate in most tissues, but is 429 

rather recycled by an active transport mechanism (Quadros and Jacobsen, 1995; Beedholm-Ebsen et 430 

al., 2010) (Section 2.3.3). 431 

As very little cobalamin is distributed as free cobalamin in the tissues, it is assumed to be mostly 432 

bound to methionine synthase and methylmalonyl-CoA mutase (Quadros, 2010) and to proteins 433 

involved in the synthesis of these enzymes and respective intracellular cobalamin trafficking 434 

(Gherasim et al., 2013). The mechanism of cobalamin release from its storage sites under cobalamin-435 

deficient conditions is not known. Typically, a decrease in serum cobalamin concentration precedes 436 

the fall in liver stores (Booth and Spray, 1960). 437 

2.3.5. Metabolism 438 

The initial step in the synthesis of cobalamin coenzymes is the removal of the upper axial ligand 439 

attached to the central cobalt ion, irrespective of the form of cobalamin transported into the cell, as 440 

shown by efficient and rapid interconversion of labelled CNCbl, AdoCbl and MeCbl (Quadros et al., 441 

1979), by cobalamin reductases (Watanabe and Nakano, 1997). In the cytoplasm, cobalamin exists 442 

primarily as MeCbl, which serves as a cofactor for methionine synthase; in mitochondria it is present 443 

as AdoCbl, the cofactor of methylmalonyl-CoA mutase. AdoCbl is the predominant form of 444 

cobalamin in all tissues, with lower amounts of OHCbl. MeCbl is the major form of cobalamin in the 445 

plasma and is disproportionately reduced in cobalamin deficiency. Higher MeCbl concentrations have 446 

been observed in fetal tissues in association with higher methionine synthase activity (Linnel, 1975). 447 

Cobalamin is continuously secreted in the bile. Three studies reported on the rate of cobalamin 448 

secretion in bile, indicating amounts of 1.1 and 1.5 % of body stores per day (Grasbeck et al., 1958; 449 

Reizenstein, 1959a; el Kholty et al., 1991). It has been assumed that 50–80 % is normally reabsorbed, 450 

presumably bound to IF (Grasbeck et al., 1958; Reizenstein et al., 1966; el Kholty et al., 1991; Castle, 451 

1998), whereas the remainder is lost in the faeces, along with most corrinoid analogues. In the absence 452 
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of IF, all cobalamin from the bile is excreted in the stool and deficiency develops more rapidly than in 453 

case of insufficient dietary intake. 454 

On account of the small losses of cobalamin relative to the body store of the vitamin due to the 455 

enterohepatic circulation in healthy subjects on mixed diets, development of cobalamin deficiency can 456 

take years, even in case of complete absence of intake or absorption of cobalamin (WHO/FAO, 2004; 457 

Green, 2012). 458 

2.3.6. Elimination 459 

2.3.6.1. Faeces and urine 460 

Various studies have indicated losses of 0.1–0.2 % of the cobalamin pool per day, regardless of the 461 

size of the store (Bozian et al., 1963; Heinrich, 1964; Heyssel et al., 1966; Reizenstein et al., 1966; 462 

Adams and Boddy, 1968; Boddy and Adams, 1968, 1972; Amin et al., 1980). In a systematic review, 463 

publications reporting daily cobalamin losses were collected (Doets et al., 2013b), including a pooled 464 

analysis of five studies measuring cobalamin losses with whole-body counting (Bozian et al., 1963; 465 

Heyssel et al., 1966; Reizenstein et al., 1966; Adams and Boddy, 1968; Boddy and Adams, 1968). 466 

Data were available from 52 subjects, comprising healthy subjects, patients with or without pernicious 467 

anaemia or “low cobalamin status”. A mean daily loss of 0.13 ± 0.03 % (CV = 23 %) of total body 468 

stores was estimated (95 % CI = 0.10–0.15). The heterogeneity between studies was high (I
2
 = 91.5 %, 469 

p < 0.001). 470 

The highest losses of cobalamin occur through the faeces. Sources of faecal cobalamin include 471 

unabsorbed cobalamin from food or bile, desquamated cells, gastric and intestinal secretions, and 472 

cobalamin synthesised by bacteria in the colon. Microorganisms of the gastrointestinal tract appear to 473 

convert a large portion of ingested cobalamin to cobalamin analogues which account for > 98 % of the 474 

total of cobalamin plus cobalamin analogues measured in the faeces (Allen and Stabler, 2008). 475 

The 24-hour urinary excretion of cobalamin is not correlated with recent dietary intake (Fukuwatari et 476 

al., 2009; Tsuji et al., 2010, 2011). Proximal tubule receptor-mediated reabsorption of filtered holoTC, 477 

mediated by megalin, efficiently prevents urinary losses of the vitamin and is a saturable process 478 

(Birn, 2006). If the circulating cobalamin exceeds the cobalamin binding capacity of the blood, the 479 

excess is excreted in the urine (Birn, 2006). Urinary cobalamin was shown to increase 1.3 times with a 480 

high oral dose of 1.5 mg of cobalamin (Fukuwatari et al., 2009) and 3 times with a dose of 3 mg 481 

(Raccuglia et al., 1969). 482 

Losses in faeces (Reizenstein, 1959b) and urine (Mollin and Ross, 1952; Heinrich, 1964; Adams, 483 

1970) decrease when cobalamin stores decrease. 484 

2.3.6.2. Breast milk 485 

The cobalamin concentration of breast milk reflects maternal cobalamin concentration in blood and it 486 

falls progressively during the lactation period (Bjorke-Monsen and Ueland, 2011). 487 

The SCF (1993) referred to a mean (range) concentration of cobalamin in breast milk of 0.38 (0.12–488 

0.48) nmol/L (0.51 (0.16–0.64) µg/L) calculated from 10 studies in unsupplemented mothers from 489 

Western countries (Bates and Prentice, 1988). The SCF also noted that there is no, or only a small 490 

increase in the concentration of cobalamin in breast milk following supplementation of cobalamin-491 

replete women. 492 

Cobalamin in breast milk is tightly bound to haptocorrin and has to be released from this binding to be 493 

measured accurately (Allen, 2012). Breast milk also contains substantial amounts of unsaturated 494 

haptocorrin (apo-haptocorrin) (> 100 times higher than in serum), which has been found to interfere 495 

with measurement of cobalamin by IF binding assays, due to their competitive affinity for cobalamin 496 

(Lildballe et al., 2009). Depending on the design of the assay, under- or overreporting of the amount of 497 
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the vitamin in breast milk has been observed, due to the trapping of the sample cobalamin or of the 498 

labelled cobalamin used for measurement, respectively, by apo-haptocorrin. A method using a 499 

cobinamide-sepharose column to remove unsaturated haptocorrin has been shown to overcome this 500 

issue (Lildballe et al., 2009). Three studies report cobalamin concentrations in breast milk using this 501 

method. Mean concentration in breast milk of a group of 24 healthy Californian women, most of 502 

whom had consumed supplements containing 6 µg cobalamin/day during pregnancy, was 0.57 (range 503 

0.16–3.70) nmol/L (0.8 (0.2–5.0 µg/L) (measured between one and three months post partum) 504 

(Lildballe et al., 2009). In a sample of 183 women of low socio-economic status in peri-urban 505 

Guatemala City, breast milk cobalamin concentrations were below the limit of detection (LOD) of 506 

0.05 nmol/L (0.07 µg/L) in 65 % of the participants whose serum cobalamin was < 220 pmol/L; 507 

median (range) breast milk concentration was 0.06 (below LOD–1.30) nmol/L (0.08 (below LOD–508 

1.75) µg/L) in mothers with an “adequate cobalamin status” as defined by a serum cobalamin 509 

concentration > 220 pmol/L (n = 55) (Deegan et al., 2012). In the latter sample, breast milk cobalamin 510 

concentration was reported to be positively associated (p < 0.05) with maternal cobalamin intake 511 

measured by semi-quantitative food frequency questionnaire (FFQ) (r = 0.26) and maternal serum 512 

cobalamin concentration (r = 0.30). In a recent longitudinal study, cobalamin concentration of breast 513 

milk from 25 Danish women was measured at two weeks, four months and nine months of lactation 514 

(Greibe et al., 2013). Most women were taking daily multivitamin supplements containing 1.0–4.5 µg 515 

cobalamin. Median (range) concentrations of cobalamin in hindmilk
6
 were 0.76 (0.21–1.88) nmol/L 516 

(1.0 (0.3–2.5) µg/L), 0.29 (0.14–0.69) nmol/L (0.4 (0.2–0.9) µg/L), and 0.44 (0.16–1.94) nmol/L (0.6 517 

(0.2–2.6) µg/L) at two weeks, four months, and nine months, respectively. Slightly lower 518 

concentrations were found in foremilk.
7
 519 

The Panel notes that a mean breast milk cobalamin concentration of 0.38 nmol/L (0.51 μg/L) has been 520 

found in 10 studies in unsupplemented mothers from Western countries. The accuracy of the analytical 521 

methods used in these studies is uncertain. Recent data based on a more accurate method report a 522 

mean concentration of 0.57 nmol/L (0.8 μg/L) in a group of Californian women and median 523 

concentrations of 0.29–0.76 nmol/L (0.4–1.0 μg/L), depending on the lactation stage, in a group of 524 

Danish women. The Panel notes the limited number of studies that used this analytical method, their 525 

small sample sizes and the inclusion of women receiving cobalamin supplements. 526 

2.3.7. Interaction with other nutrients 527 

There are no known interactions of cobalamin with other nutrients as regards absorption or excretion. 528 

There is a close metabolic interaction with folate which has led to the “methyl-trap hypothesis” (Shane 529 

and Stokstad, 1985; EFSA NDA Panel, 2014b). Cobalamin deficiency usually results in a rise of 5-530 

methyl-THF and thus serum folate concentration, whereas the tissues and red blood cells are depleted 531 

of 5-methyl-THF. Folate deficiency has been associated with lower plasma cobalamin concentration 532 

(Klee, 2000; Gibson, 2005). Deficiencies of both vitamins induce an increase in plasma tHcy 533 

concentration (Selhub et al., 2008). 534 

2.4. Biomarkers 535 

Main biomarkers of cobalamin status include haematological changes and blood concentrations of 536 

cobalamin, holoTC and the metabolites MMA and tHcy. Cobalamin, holoTC and MMA can be 537 

measured in serum or plasma with equivalent results. In this section and concluding paragraphs of 538 

other sections the term “serum” refers to either serum or plasma concentrations of these compounds. 539 

2.4.1. Haematological changes 540 

Macrocytosis or macrocytic anaemia with megaloblastic changes and neutrophil hypersegmentation 541 

are present in 70–80 % of cases of clinical cobalamin deficiency. Megaloblastic changes are a late 542 

event in the development of clinical cobalamin deficiency (Herbert, 1994).  543 

                                                      
6  Hindmilk: milk secreted during the later part of breastfeeding. 
7  Foremilk: milk secreted in the initial part of breastfeeding. 
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Macrocytosis is easily detected and quantified by measuring the mean corpuscular volume (MCV) of 544 

erythrocytes. Nuclear hypersegmentation of neutrophils is the earliest recognisable abnormality of 545 

megaloblastic anaemia. Megaloblastosis produces ineffective haematopoiesis. Biochemical markers of 546 

massive, premature cell death, notably serum bilirubin and lactate dehydrogenase elevation, become 547 

prominent as anaemia advances. 548 

Macrocytosis or macrocytic anaemia with megaloblastic changes are not specific markers of clinical 549 

cobalamin deficiency, as their causes are many, including alcohol abuse, folate deficiency, liver 550 

disease, and use of medication (Carmel, 2008, 2009). 551 

The Panel notes that macrocytosis or macrocytic anaemia with megaloblastic changes are sensitive but 552 

not specific markers of clinical cobalamin deficiency. 553 

2.4.2. Serum cobalamin concentration 554 

Serum cobalamin is the most widely used biomarker of cobalamin status comprising the total amount 555 

of cobalamin, i.e. both the metabolic active cobalamin bound to TC and the fraction bound to 556 

haptocorrin. Haptocorrin is almost fully saturated with cobalamin and carries the major part of 557 

circulating cobalamin as well as the inactive cobalamin analogues (Section 2.3.2). 558 

Sex may affect serum concentration of cobalamin, although data are not consistent. In a study that 559 

controlled for factors that could affect serum cobalamin concentration (e.g. age, folate status, use of 560 

oral contraceptives, pregnancy), higher cobalamin concentrations were found in women than in men 561 

(Fernandes-Costa et al., 1985), whereas similar concentrations for men and women have also been 562 

reported (Wahlin et al., 2002). A decline in serum cobalamin concentrations throughout childhood and 563 

adolescence has been observed in several studies (De Laet et al., 1999; Pfeiffer et al., 2005; 564 

Papandreou et al., 2006). An increased prevalence of low serum cobalamin concentrations has been 565 

observed in older adults (Lindenbaum et al., 1994; Clarke et al., 2007), due to atrophic gastritis 566 

associated with a decrease in gastric acidity and to pernicious anaemia and subsequent cobalamin 567 

malabsorption (Section 2.2.2.1). An age-related decrease in cobalamin intake may be an additional 568 

factor (Johnson et al., 2003). A steady fall in serum cobalamin concentration has been observed during 569 

pregnancy, starting from the first trimester, due to the transfer of the vitamin to the fetal circulation 570 

and to plasma volume expansion (Allen, 1994; Koebnick et al., 2002; Milman et al., 2006; Mørkbak et 571 

al., 2007a; Murphy et al., 2007; Greibe et al., 2011). Other factors which influence serum cobalamin 572 

concentration include genetic polymorphisms (e.g. haptocorrin gene), as well as liver diseases, renal 573 

failure, some blood disorders (e.g. chronic myelogenous leukemia) and cancers, which may lead to 574 

elevated serum cobalamin concentrations (Carmel, 2011; Green, 2011; Andres et al., 2013). 575 

The type of cobalamin assay used may affect serum cobalamin measurements. Earlier radioisotopic 576 

dilution assays also measured some of the non-functional analogues of cobalamin and thus may have 577 

overestimated serum cobalamin concentration (Kolhouse et al., 1978). Specific assays based on 578 

purified IF improved accuracy (Kubasik et al., 1980). Immunoenzymatic luminescence methods have 579 

then been developed and have replaced isotopic assays (O'Sullivan et al., 1992; Carmel, 2011). 580 

Immunoenzymatic assays have appeared to lack sensitivity, especially to identify low cobalamin 581 

concentrations in patients suffering from pernicious anaemia (Carmel et al., 2000; Carmel, 2011). 582 

Dietary intakes of omnivores are not strongly related to serum cobalamin concentrations (correlation 583 

coefficient around 0.10) (Gregory et al., 1990; Vogiatzoglou et al., 2009a). Such low correlations have 584 

been linked to the large size of liver cobalamin stores in relation to the usual daily intake of the 585 

vitamin, so that cobalamin intake levels very slowly influence circulating concentrations of cobalamin 586 

(Bates et al., 1997). Lower serum cobalamin concentrations have been observed in vegetarians or 587 

vegans compared to nonvegetarian individuals (Millet et al., 1989; Miller et al., 1991; Krajcovicova-588 

Kudlackova et al., 2000). In intervention studies, cobalamin supplementation significantly increased 589 

serum cobalamin concentration in subjects with relatively low serum cobalamin at baseline (Blacher et 590 

al., 2007; Duggan et al., 2014). In a sample of Canadian individuals (n = ~ 5 600, aged 6–79 years), 591 
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daily consumption of cobalamin supplements was associated with higher serum cobalamin 592 

concentrations, with no additional increase in serum cobalamin at doses above 10 µg/day in children 593 

and adolescents and at doses above 25 μg/day in older adults aged 60–79 years (MacFarlane et al., 594 

2014). Several observational studies have described the dose–response relationship between 595 

cobalamin intake and serum cobalamin concentration and showed an increase in serum cobalamin 596 

with increasing cobalamin intake which levelled off between approximately 350 and 400 pmol/L at 597 

cobalamin intakes between 7 and 10 µg/day (Tucker et al., 2000; Kwan et al., 2002; Bor et al., 2006; 598 

Vogiatzoglou et al., 2009a; Bor et al., 2010) (Section 5.1.1.3). Dullemeijer et al. (2013) attempted to 599 

characterise the dose–response relationship between cobalamin intake and serum/plasma concentration 600 

based on data from 37 randomised controlled trials (RCTs) and 19 observational studies (n = 15 968 601 

subjects). There was statistical evidence for substantial heterogeneity between studies included in the 602 

meta-analysis, which could not be explained by the differences in study designs (observational studies 603 

vs. RCTs), mean age of subjects or the doses or forms of cobalamin consumed, so that the uncertainty 604 

around the resulting dose–response relationship is high. 605 

Reference intervals have been proposed for serum cobalamin, based on the distribution of 606 

concentrations (5
th
–95

th
 percentiles) in large populations. The reference range derived from 500 607 

healthy, fasting (7.5 %) and non-fasting (92.5 %), male and female subjects in Norway (18–69 years) 608 

was 168–493 pmol/L (Refsum et al., 2006). From a random sample of 961 non-fasting male and 609 

female Swedish adults (35–80 years), collected over the course of the day, reference ranges were 610 

derived for five age groups; lower and higher bounds ranged between 134 and 178 pmol/L and 611 

between 457 and 533 pmol/L, depending on the age group (Wahlin et al., 2002). The reference range 612 

derived from a nationally representative sample of ~ 7 300 participants aged ≥ 4 years in the US 613 

National Health and Nutrition Examination Survey (NHANES) during 1999–2000 was 179–614 

738 pmol/L (Pfeiffer et al., 2005). For young children, Hay et al. (2008) proposed reference intervals 615 

based on data from a cohort of healthy Norwegian children, as follows: 197–677 pmol/L at 12 months 616 

(n = 243) and 236–944 pmol/L at 24 months (n = 223). The authors noted lower cobalamin 617 

concentration in breast-fed compared to non-breast-fed children and suggested that reference limits 618 

according to breastfeeding status should be considered. Reference values for serum cobalamin for 619 

older children were derived from a sample of 1 051 (552 females, 499 males) participants aged 12.5– 620 

17.5 years in the Healthy Lifestyle in Europe by Nutrition and Adolescence (HELENA) study 621 

(Gonzalez-Gross et al., 2012). The 5
th
–95

th
 percentiles for girls and boys were 173–672 and 169–622 

567 pmol/L, respectively. Based on data from the National Diet and Nutritional Survey (NDNS) in the 623 

UK, 5
th
–95

th
 percentiles of serum cobalamin concentration were 242–749 pmol/L for children aged 4–624 

10 years (n = 317), 172–641 pmol/L for children aged 10–14 years (n = 263) and 139–452 pmol/L for 625 

boys (n = 113) and 108–502 pmol/L for girls (n = 132) aged 15–18 years (Kerr et al., 2009). 626 

Different cut-off values for cobalamin concentration in serum have been proposed to define 627 

“cobalamin deficiency”, ranging from 123 (Valente et al., 2011) to 258 pmol/L (Lindenbaum et al., 628 

1994). Authors have used various criteria to define cut-off values, including the lower bound of the 629 

range of concentrations observed in a selected reference population (Valente et al., 2011), the 630 

concentration associated with minimal plasma MMA and/or tHcy concentrations (Selhub et al., 2008; 631 

Vogiatzoglou et al., 2009b; Bailey et al., 2013) or with MMA concentrations above a predefined cut-632 

off (Clarke et al., 2007; Heil et al., 2012), or metabolic profiling based on the combination of four 633 

biomarkers (Fedosov, 2010). A cut-off of 148 pmol/L (200 µg/L) has commonly been used and has 634 

shown good sensitivity (95–97 %; specificity < 80 %) for the diagnosis of clinical deficiency (i.e. in 635 

patients with megaloblastic anaemia and/or neurological abnormalities), while its sensitivity to 636 

diagnose cobalamin insufficiency (i.e. elevated serum MMA and/or plasma tHcy) is moderate (38–637 

39 %) (Carmel, 2011). By using regression analyses to estimate the cobalamin concentration at which 638 

the biomarkers of function MMA and tHcy achieved a minimum level, Selhub et al. (2008) derived 639 

cut-off values for serum cobalamin concentration of 150 pmol/L based on serum MMA or 300 pmol/L 640 

based on plasma tHcy using data from NHANES III, while Vogiatzoglou et al. (2009b) defined a cut-641 

off of 400 pmol/L from breakpoint cobalamin concentrations of 334 pmol/L for plasma MMA and 642 

393 pmol/L for plasma tHcy using data from the Hordaland Homocysteine study in Norway. By 643 

modelling the relationship between plasma MMA and serum cobalamin based on data from NHANES 644 
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1999–2004 through different statistical models, Bailey et al. (2013) identified two change points and 645 

characterised three population subgroups: subjects with serum cobalamin concentrations < 126 pmol/L 646 

were identified at high risk of “severe deficiency” (combined abnormalities of MMA and tHcy very 647 

frequent; highest MMA and tHcy concentrations) and subjects with cobalamin concentrations 648 

> 287 pmol/L as likely to have adequate cobalamin status (lowest MMA and tHcy concentrations), 649 

respectively, while the cobalamin status of subjects with serum cobalamin concentrations between 126 650 

and 287 pmol/L was considered difficult to interpret (i.e. neither normal nor clearly deficient). 651 

In an attempt to consider serum cobalamin together with other biomarkers of cobalamin status, i.e. 652 

holoTC (Section 2.4.3), MMA (Section 2.4.4) and tHcy (Section 2.4.5), Fedosov (2010) defined a 653 

“wellness parameter” based on the combination of the four biomarkers using data from three 654 

population groups defined as “healthy volunteers before and after cobalamin supplementation” 655 

(n = 74), “individuals suspected of being cobalamin deficient” (n = 647) and “healthy vegans” 656 

(n = 144). By modelling the frequency distribution of the concentrations of the four biomarkers, 657 

frequency peaks were identified, assumed to be metabolic fingerprints of different (sub)clinical groups 658 

of subjects, i.e. “deficient”, “transitional”, “normal”, “excellent”. The “wellness parameter” was based 659 

on the logarithmic presentation of the geometric mean of the four normalised biomarkers 660 

(w = log10(holoTCn × cobalaminn) – log10(MMAn × tHcyn), with e.g. MMAn = MMA/MMAnormal) and 661 

was calculated for the four subgroups as follows: “deficient” w = –1.49, “transitional” w = –0.516, 662 

“normal” w = 0.0 and “excellent” w = 0.445. Using this parameter as a criterion to identify assumed 663 

deficient (w ≤ – 0.516) or healthy (w > – 0.516) subjects, cut-offs for serum cobalamin, as well as 664 

holoTC, MMA and tHcy, were identified by analysing the frequency of the groups assumed to be 665 

deficient or healthy plotted vs. the concentration of the biomarkers. A cut-off of 207 pmol/L for serum 666 

cobalamin was derived through this method. 667 

The Panel notes that lower limits of reference intervals for serum cobalamin concentration range 668 

between 134 and 179 pmol/L for older children and adults, depending on the populations from which 669 

they were derived. Limited data are available on infants and children. For young children, data from 670 

one Norwegian cohort indicate lower boundaries at 197 and 236 pmol/L for children aged 12 and 24 671 

months, respectively. The value reported at 24 months of age might indicate that lower boundaries 672 

may be somewhat higher in early childhood; however, at 12 months of age, lower boundaries were in 673 

a similar range as for adults. There is no consensus on a cut-off value for serum cobalamin to define 674 

adequate cobalamin status. Divergent criteria have been used for the derivation of values. Some 675 

authors aimed at deriving cut-off values for the diagnosis of clinical cobalamin deficiency. To that 676 

end, the commonly used cut-off of 148 pmol/L has shown good sensitivity. Others have attempted to 677 

define cut-offs that would allow to diagnose cobalamin insufficiency, as defined by “suboptimal” 678 

concentrations of biomarkers of cobalamin function. A conservative approach consists in identifying 679 

the serum cobalamin concentration associated with minimal blood MMA and/or tHcy concentrations. 680 

Results of this approach have shown considerable variation in serum cobalamin concentrations (from 681 

150 to 400 pmol/L), depending on the reference biomarker considered, the study population, as well as 682 

the modelling approach taken. 683 

2.4.3. Serum holotranscobalamin concentration 684 

Serum holoTC has a rapid turnover with a half-life of 1–2 hours (Chanarin, 1990) and is the 685 

physiologically active form of cobalamin that delivers the vitamin to cells. It is considered an earlier 686 

biomarker for changes in cobalamin status than serum cobalamin concentration (Herzlich and Herbert, 687 

1988; Herbert et al., 1990; Nexø et al., 2002; Green, 2011).  688 

Serum holoTC measurements seem to be only marginally affected by diurnal variation related to 689 

cobalamin intake from a normal diet, as no correlations have been observed between time since the 690 

last meal and holoTC concentrations (Hvas and Nexø, 2005; Refsum et al., 2006). 691 

 692 

In cohorts of healthy pregnant women, concentrations of holoTC have been observed to remain 693 

unchanged over the course of pregnancy, despite an increase in total TC and a decrease in serum 694 
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cobalamin concentration (Mørkbak et al., 2007a; Greibe et al., 2011). HoloTC rises in renal failure 695 

(Carmel et al., 2001), but modest renal impairment does not affect holoTC concentration (Loikas et al., 696 

2007; Lewerin et al., 2013). Other suggested confounders include oral contraceptive use, folate 697 

disorders, alcoholism and some haematologic disorders (Carmel, 2011). 698 

Different reference intervals have been derived for holoTC. A review of eight studies including 699 

healthy adult European individuals (n = 65–303) indicate lower limits of reported 95 % reference 700 

intervals between 11 and 41 pmol/L and higher bounds between 113 and 204 pmol/L (Mørkbak et al., 701 

2005). Subsequent studies (n = 100–292 subjects) report lower and higher bounds in the same range 702 

(19–43 pmol/L and 125–134 pmol/L, respectively) (Brady et al., 2008; Lee et al., 2009; Valente et al., 703 

2011). Based on data from 500 healthy subjects aged 18–69 years, Refsum et al. (2006) suggested sex 704 

differences in values, with a lower cut-off (5
th
 percentile) for younger women (aged 19–45 years) of 705 

34 pmol/L compared to the rest of the population (41–48 pmol/L, depending on age and sex groups). 706 

For young children, Hay et al. (2008) proposed reference intervals (5
th
–95

th
 percentiles) based on data 707 

from a cohort of healthy Norwegian children, as follows: 26–126 pmol/L at 12 months (n = 244) and 708 

38–174 pmol/L at 24 months (n = 224). As for serum cobalamin, the authors noted lower holoTC 709 

concentrations in breast-fed compared to non-breast-fed children and suggested that references limits 710 

according to breastfeeding status should be considered. Reference values for serum holoTC for older 711 

children were derived from 551 female and 467 male participants aged 12.5–17.5 years in the 712 

HELENA study (Gonzalez-Gross et al., 2012). The 5
th
–95

th
 percentiles for girls and boys were 29.6–713 

109 pmol/L and 32–105.1 pmol/L, respectively. 714 

Some authors have proposed cut-off values based on the performance of holoTC to identify “high” 715 

MMA concentrations in selected populations based on receiver operating characteristics (ROC) 716 

curves. Considering the level at which sensitivity for “cobalamin deficiency”, defined by 717 

MMA > 750 nmol/L, equalled specificity (i.e. both = 77 %), Clarke et al. (2007) derived a cut-off 718 

value for holoTC of 45 pmol/L from data on 1 651 older men and women (74–84 years) with normal 719 

renal function (serum creatinine < 97 µmol/L in women and < 124 µmol/L in men) in the UK. Using 720 

the point at which sensitivity and specificity were “optimised” for the diagnosis of “cobalamin 721 

deficiency”, defined as MMA > 450 nmol/L, Heil et al. (2012) determined a cut-off for holoTC of 722 

32 pmol/L based on data from 360 subjects (≥ 18 years) with normal renal function (glomerular 723 

filtration rate ≥ 60 mL/min per 1.73 m
2
) in a multicentre study in the Netherlands. At this level, 724 

sensitivity was highest (83 %), with a specificity of 60 %. The combination of cobalamin and holoTC 725 

did not improve diagnostic accuracy at this cut-off level. At holoTC concentrations ≤ 21 pmol/L, the 726 

specificity for “cobalamin deficiency” was high (≥ 88 %; sensitivity of 64 %). The authors suggested 727 

that for holoTC concentrations between 21 and 32 pmol/L, MMA should be measured to confirm the 728 

diagnosis of “cobalamin deficiency”. 729 

By the simultaneous modelling of the four biomarkers of cobalamin status (see Section 2.4.2), 730 

Fedosov (2010) derived a cut-off for holoTC of 36 pmol/L. 731 

With respect to the performance of holoTC to diagnose “cobalamin deficiency” as compared to serum 732 

cobalamin, most ROC-based comparisons have shown that holoTC modestly outperforms total 733 

cobalamin, with areas under the curves of 0.66–0.90 and 0.62–0.85, respectively (Carmel, 2011; Heil 734 

et al., 2012). Various criteria to define “cobalamin deficiency” were applied in these studies. One 735 

study concluded that neither test is suitable for the screening of insufficient cobalamin status (as 736 

indicated by elevated MMA) because false-positive results outnumbered true-positive ones at the 737 

proposed cut-offs (Clarke et al., 2007). 738 

The Panel notes that holoTC is the physiologically active form of cobalamin that delivers the vitamin 739 

to cells. As for serum cobalamin, various criteria have been used to define adequate cobalamin status 740 

in order to derive cut-off values for holoTC. Lower limits of reference intervals for serum holoTC 741 

range between 11 and 48 pmol/L in adults, depending on the reference population used. Data in 742 

children are more limited. For infants and children reported lower limits of reference intervals are 743 

between 26 and 38 pmol/L, which are in the same range as those derived for adults. Cut-offs have 744 
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been proposed that would allow to diagnose cobalamin insufficiency, as defined by “suboptimal” 745 

concentrations of biomarkers of cobalamin function. Based on different populations and criteria, cut-746 

off values from 21 to 45 pmol/L have been proposed. 747 

2.4.4. Serum methylmalonic acid concentration 748 

MMA is derived from the hydrolysis of methylmalonyl-CoA and accumulates in serum when 749 

methylmalonyl-CoA mutase activity is impaired resulting from an insufficient supply of cobalamin 750 

(Stabler et al., 1986; Savage et al., 1994; Bjorke Monsen and Ueland, 2003). The specificity of MMA 751 

concentration as a biomarker of cobalamin status has been difficult to determine reliably because of 752 

the influence of various other factors (Carmel, 2011). A Norwegian study including 6 946 middle-aged 753 

(47–49 years) and older adults (71–74 years) identified creatinine, serum cobalamin, age, and sex as 754 

the major determinants of serum MMA, which, however, explained only 16 % of the variation in 755 

plasma MMA concentration (Vogiatzoglou et al., 2009b). MMA concentration is affected by impaired 756 

renal function. Because of the higher incidence of renal impairment in older adults, this biomarker 757 

must be interpreted with caution in this population (Loikas et al., 2007). Small increases in plasma 758 

MMA concentration have been observed over the course of pregnancy in cohorts of healthy pregnant 759 

women (Milman et al., 2006; Mørkbak et al., 2007a; Murphy et al., 2007; Greibe et al., 2011). 760 

The most commonly applied cut-off value for serum MMA is ≈ 270 nmol/L (Carmel, 2011). Many 761 

laboratories defined cut-offs by three or two standard deviations (SD) from the mean (≈ 370 nmol/L or 762 

270 nmol/L, respectively). Other values have been proposed based on the higher bound of serum 763 

MMA concentrations observed in selected populations. Pfeiffer et al. (2005) derived a cut-off value 764 

(95
th
 percentile) for MMA of 210 nmol/L from a reference population (n = 7 306, aged ≥ 3 years) 765 

selected from NHANES 1999–2000 which was “cobalamin-replete” (i.e. with serum cobalamin above 766 

the 50
th
 percentile) and did not exhibit elevated creatinine concentration (i.e. creatinine < 133 µmol/L 767 

for males and < 115 µmol/L for females). In a reference population of “cobalamin-replete” individuals 768 

(i.e. with serum cobalamin ≥ 400 pmol/L) in Norway, Vogiatzoglou et al. (2009b) reported a higher 769 

bound (97.5
th
 percentile) for plasma MMA of 280 nmol/L for middle-aged (47–49 years, n = 1 306) 770 

and of 360 nmol/L for older adults (71–74 years, n = 1 058). Erdogan et al. (2010) found a higher 771 

bound of 450 nmol/L from a “representative range” based on a database of 4 944 plasma/serum 772 

samples collected in the USA, from which 10 % higher values were removed as they were assumed to 773 

belong to unhealthy individuals. When data were classified by age decades, the higher bounds of the 774 

representative ranges for samples of subjects aged 0–10 years (n = 28; 510 nmol/L) and subjects aged 775 

71 years and older (n = 2 149; 480 nmol/L) were higher than the value of the total population. For 776 

young children, Hay et al. (2008) proposed reference intervals (5
th
–95

th
 percentiles) based on data 777 

from a cohort of healthy Norwegian children, as follows: 120–530 nmol/L at 12 months (n = 242) and 778 

100–300 nmol/L at 24 months (n = 222). The 10
th
 and 90

th
 percentile of plasma MMA concentration in 779 

a cohort of 186 healthy Dutch children aged 0–19 years were 110 and 300 nmol/L, respectively 780 

(Hogeveen et al., 2008). By the simultaneous modelling of the four biomarkers of cobalamin status 781 

(see Section 2.4.2), Fedosov (2010) proposed a cut-off value of 380 pmol/L for MMA. A cut-off value 782 

of 750 nmol/L is used for the diagnosis of clinical cobalamin deficiency (Hvas and Nexø, 2006; 783 

Clarke et al., 2007; Carmel, 2011; Devalia et al., 2014). 784 

The Panel notes that MMA is a biomarker of cobalamin function with regard to its role in the 785 

functioning of methymalonyl-CoA mutase. Serum MMA concentration increases following an 786 

insufficient supply of cobalamin. Its specificity requires further investigation. A large range of cut-off 787 

values from 210 nmol/L to 450 nmol/L has been proposed to characterise impaired cobalamin status 788 

on the basis of MMA concentration, derived from selected populations of “cobalamin-replete” or 789 

apparently healthy adult individuals. Data in infants and children are limited. For children aged ≥ 1–19 790 

years, upper boundaries (90
th
–95

th
 percentiles) of the MMA concentration distribution ≥ 300 nmol/L 791 

have been observed in apparently healthy children. A cut-off value of 750 nmol/L is used for the 792 

diagnosis of clinical cobalamin deficiency. 793 
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2.4.5. Plasma total homocysteine concentration 794 

Homocysteine may be recycled into methionine through a reaction which is catalysed by methionine 795 

synthase (5-methyl-THF homocysteine methyltransferase), which requires 5-methyl-THF as 796 

cosubstrate and cobalamin as cofactor (Selhub, 1999; Bjorke Monsen and Ueland, 2003) (Section 797 

2.2.1). Elevated plasma tHcy concentration is observed in patients with clinical cobalamin deficiency 798 

(Allen et al., 1990; Carmel et al., 2003). 799 

Plasma tHcy is not a specific marker of cobalamin status since it is affected also by other dietary 800 

factors such as selected B-vitamins, choline and betaine, as well as renal insufficiency and some 801 

lifestyle factors (e.g. alcohol consumption) (Refsum et al., 2004; da Costa et al., 2005).  802 

Plasma tHcy concentrations are higher in men than in women and increase with age (Selhub, 1999; 803 

Refsum et al., 2004; Pfeiffer et al., 2005). Increased plasma tHcy concentrations throughout childhood 804 

and adolescence have been observed in several studies (De Laet et al., 1999; Pfeiffer et al., 2005; 805 

Papandreou et al., 2006). As for MMA, because of the higher incidence of renal impairment in the 806 

aged population, tHcy concentration must be interpreted with caution in older adults (Loikas et al., 807 

2007). In cohorts of healthy pregnant women, increases in tHcy concentration have been observed 808 

over the course of pregnancy (Chery et al., 2002; Milman et al., 2007; Mørkbak et al., 2007a; Greibe 809 

et al., 2011).   810 

There is no consensus on a cut-off value for tHcy, and acceptable upper reference limits for plasma 811 

tHcy from 9 to 16 µmol/L have been proposed (Kauwell et al., 2000; Ubbink, 2001; Refsum et al., 812 

2004; Devalia et al., 2014). Based on 95
th
–97.5

th
 percentiles of tHcy concentration in presumably 813 

healthy populations from large studies, Refsum et al. (2004) proposed the following upper reference 814 

limits for populations not supplemented with folate: 10 µmol/L for children < 15 years, 15 µmol/L for 815 

older children (≥ 15 years) and adults up to 65 years, 20 µmol/L for older adults (≥ 66 years), 816 

10 μmol/L for pregnancy. The authors noted that the statistically defined reference interval may be 817 

different from the desirable tHcy concentration. There is no consensus on the latter as firm 818 

recommendations can only be reached if clear thresholds for disease risk reduction after vitamin 819 

intervention have been demonstrated. Hay et al. (2008) proposed reference intervals (5
th
–95

th
 820 

percentiles) based on data from a cohort of healthy Norwegian children, as follows: 3.3–7.4 μmol/L at 821 

12 months (n = 243) and 3.5–7.7 μmol/L at 24 months (n = 224). Based on data from NDNS in the 822 

UK, 5
th
–95

th
 percentiles of plasma tHcy concentration were 3.0–8.6 μmol/L for children aged 4–10 823 

years (n = 320), 3.7–10.7 μmol/L for children aged 10–14 years (n = 268) and 4.7–15.3 for girls 824 

(n = 132) and 4.6–12.8 μmol/L for boys (n = 117) aged 15–18 years  (Kerr et al., 2009). Reference 825 

values for plasma tHcy for older children were derived from 552 female and 498 male participants 826 

aged 12.5–17.5 years in the HELENA study (Gonzalez-Gross et al., 2012). The 5
th
 and 95

th
 percentiles 827 

for girls and boys were 3.8–11.6 and 4.2–14.1 μmol/L, respectively. Most laboratories currently 828 

consider a tHcy concentration above 15 µmol/L as indicative of hyperhomocysteinaemia (Devalia et 829 

al., 2014). 830 

The Panel notes that homocysteine is a biomarker of cobalamin function with respect to its role in the 831 

functioning of methionine synthase. Plasma tHcy concentration increases following an insufficient 832 

supply of cobalamin. However, this biomarker is of limited specificity. There is no consensus on a cut-833 

off value for tHcy, although a concentration above 15 µmol/L in adults is frequently used as an 834 

indicator of hyperhomocysteinaemia. 835 

2.4.6. Conclusions on biomarkers  836 

HoloTC carries the functional fraction of cobalamin that can be taken up by tissues; despite its short 837 

half-life, holoTC is more strongly associated with biomarkers of cobalamin function, MMA and tHcy, 838 

than serum cobalamin. The Panel considers that serum holoTC is the most specific and therefore the 839 

first ranked biomarker to characterise adequate cobalamin status. In addition, the Panel considers that 840 

cut-off values of reference ranges have not yet been clearly defined. 841 
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Taking into account that serum cobalamin concentration comprises both the functional and 842 

metabolically inert fractions of cobalamin in serum, that it decreases more slowly than holoTC in 843 

negative cobalamin balance, and that it shows weaker relationships with the biomarkers of cobalamin 844 

function, MMA and tHcy, the Panel considers this biomarker as less specific than serum holoTC for 845 

assessing adequate cobalamin status. 846 

Although serum MMA is a specific biomarker of cobalamin function of methylmalonyl-CoA mutase, 847 

it does not reflect all cobalamin functions and its specificity is compromised by impaired kidney 848 

function and yet unknown factors. The Panel considers that serum MMA can add valuable information 849 

in conjunction with serum holoTC and/or cobalamin for assessment of cobalamin status. 850 

As MMA, plasma tHcy reflects only a part of cobalamin functions, namely the functioning of 851 

methionine synthase. It is not a specific biomarker, as it is influenced by some B-vitamins, choline, 852 

betaine and other factors. The Panel considers that plasma tHcy may be useful to support conclusions 853 

based on the other biomarkers of cobalamin status. 854 

Overall, the sensitivity and specificity of these biomarkers can be affected by factors unrelated to 855 

cobalamin status (Hvas and Nexø, 2005; Carmel and Sarrai, 2006; Green, 2008; Vogiatzoglou et al., 856 

2009b; Carmel, 2011; Nexø and Hoffmann-Lucke, 2011). Impaired renal function is associated with 857 

elevated MMA and tHcy and, to a lesser extent, holoTC and cobalamin concentrations in serum. 858 

Individual genetic variation, disease conditions, and pregnancy can also affect all of these biomarkers. 859 

The Panel considers that the limitations of individual biomarkers necessitate a combination of 860 

biomarkers to assess cobalamin status. 861 

2.5. Effects of genotypes 862 

Several genetic abnormalities affect cobalamin status and function. Inborn errors of cobalamin 863 

metabolism include hereditary IF deficiency, Imerslund-Gräsbeck Syndrome and TC deficiency. Eight 864 

disorders of intracellular cobalamin metabolism have also been described that impair the production or 865 

utilisation of MeCbl, AdoCbl, or both (Froese and Gravel, 2010; Quadros, 2010). Genetic 866 

polymorphisms in either TC or its receptor protein might offer some explanation for the variability in 867 

patient responses to treatment (McCaddon, 2013). 868 

The Panel notes that present knowledge as to how genetic polymorphisms influence cobalamin status 869 

and requirement is limited and cannot be used for setting DRVs for cobalamin. 870 

3. Dietary sources and intake data 871 

3.1. Dietary sources 872 

Cobalamin is not a normal constituent of commonly eaten plant foods unless they contain yeast or 873 

have been exposed to microbial fermentation that have produced the vitamin (e.g. beer) or have been 874 

fortified with cobalamin (e.g. fortified ready-to-eat breakfast cereals). The principal sources of the 875 

vitamin are animal products, including meat, fish, dairy products, eggs and liver. 876 
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Currently, cyano- and hydroxocobalamin may be added to both foods
8
 and food supplements.

9
 The 877 

cobalamin content of infant and follow-on formulae
10

 and processed cereal-based foods and baby 878 

foods for infants and young children
11

 is regulated. 879 

3.2. Dietary intake 880 

EFSA estimated dietary intake of cobalamin from food consumption data from the EFSA 881 

Comprehensive European Food Consumption Database (EFSA, 2011b), classified according to the 882 

food classification and description system FoodEx2 (EFSA, 2011a). Data from 13 dietary surveys in 883 

nine EU countries were used. The countries included were Finland, France, Germany, Ireland, Italy, 884 

Latvia, the Netherlands, Sweden and the UK. The data covered all age groups from infants to adults 885 

(Appendix A). 886 

Nutrient composition data for cobalamin were derived from the EFSA Nutrient Composition Database 887 

(Roe et al., 2013). Food composition information from Finland, France, Germany, Italy, Sweden, the 888 

Netherlands and the UK were used to calculate cobalamin intake in these countries, assuming that the 889 

best intake estimate would be obtained when both the consumption data and the composition data are 890 

from the same country. For cobalamin intake estimates of Ireland and Latvia, food composition data 891 

from the UK and Germany, respectively, were used, because no specific composition data from these 892 

countries were available. In case of missing values in a food composition database, data providers had 893 

been allowed to borrow values from another country’s database. The amount of borrowed cobalamin 894 

values in the seven composition databases used varied between 14 and 97 %. Estimates were based on 895 

food consumption only (i.e. without dietary supplements). Nutrient intake calculations were performed 896 

only on subjects with at least two reporting days. 897 

Data on infants were available from Finland, Germany, the UK, and Italy. The contribution of human 898 

milk was taken into account if the amounts of human milk consumed (Italian INRAN SCAI survey 899 

and the UK DNSIYC survey) or the number of breast milk consumption events (German VELS study) 900 

were reported. In case of the Italian INRAN SCAI survey, human milk consumption had been 901 

estimated based on the number of eating occasions using standard portions per eating occasion. In the 902 

Finnish DIPP study only the information “breast fed infants” was available, but without any indication 903 

about the number of breast milk consumption events during one day or the amount of breast milk 904 

consumed per event. For the German VELS study, the total amount of breast milk was calculated 905 

based on the observations by Paul et al. (1988) on breast milk consumption during one eating occasion 906 

at different ages, i.e. the amount of breast milk consumed on one eating occasion was set to 907 

135 g/eating occasion for infants aged 6–7 months and to 100 g/eating occasion for infants aged 8–12 908 

months. The Panel notes the limitations in the methods used for assessing breast milk consumption in 909 

infants (Appendices B and C) and related uncertainties in the intake estimates for infants. 910 

Average cobalamin intakes across countries ranged from 0.8–2.1 μg/day in infants < 1 year, 2.2–911 

4.0 μg/day in children aged 1 to < 3 years, 2.6–5.7 μg/day in children aged 3 to < 10 years, 3.3–912 

6.6 μg/day in children aged 10 to < 18 years and 4.2–8.6 μg/day in adults. Average daily intakes were 913 

in most cases slightly higher in males (Appendix B) compared to females (Appendix C), mainly due to 914 

larger quantities of food consumed per day.  915 

The two main food groups contributing to cobalamin intake were milk and dairy products in infants 916 

and children and to a lesser extent meat and meat products. In some infant groups, special food 917 

products for the young population were significant contributors to cobalamin intake. Meat and meat 918 

                                                      
8  Regulation (EC) No 1925/2006 of the European Parliament and of the Council of 20 December 2006 on the addition of 

vitamins and minerals and of certain other substances to foods, OJ L 404, 30.12.2006, p. 26. 
9  Directive 2002/46/EC of the European Parliament and of the Council of 10 June 2002 on the approximation of the laws of 

the Member States relating to food supplements, OJ L 183, 12.7.2002, p. 51. 
10  Commission Directive 2006/141/EC of 22 December 2006 on infant formulae and follow-on formulae and amending 

Directive 1999/21/EC, OJ L 401, 30.12.2006, p.1.  
11  Commission Directive 2006/125/EC of 5 December 2006 on processed cereal-based foods and baby foods for infants and 

young children, OJ L 339, 06.12.2006, p. 16. 
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products as well as milk and dairy products were the main contributors to cobalamin intake in children 919 

aged 10 to < 18 years and in adults. Fish and fish products contributed to cobalamin  intake in the older 920 

population groups (Appendices D and E). Offal-containing dishes contributed to the cobalamin intake 921 

in Finland, France and Sweden. Differences in main contributors to cobalamin intake between males 922 

and females were small. 923 

When EFSA cobalamin intake estimates were compared with published intake estimates from the 924 

same national dietary surveys, the EFSA estimates deviated in all countries and population groups 925 

between 0–13 % from the published data, except for the Swedish population (18–80 years), the French 926 

children and adolescents (3–17 years) and the Finnish adolescents (13–15 years) (Appendix F). In 927 

these population groups, the EFSA cobalamin intake estimates exceeded the published intake estimates 928 

by 13–39 %. The differences between the EFSA estimates and the results from national surveys in the 929 

Netherlands and the UK may partly be due to the use of weighing factors in national report 930 

calculations, while this was not applied in EFSA intake estimates. In addition, published data for the 931 

UK are based on two years of data collection, while EFSA intake estimates include three years of 932 

collection. The large differences between the cobalamin intake estimates for the Swedish adult 933 

population and French children and adolescents may be due to a large variation in the cobalamin 934 

content of foods reported in food composition databases. As an example, offal was an important 935 

source of cobalamin in both France and Sweden. In the composition databases, two-fold differences 936 

were observed in the cobalamin concentration of liver, ranging from 50 to 100 μg/100 g. Further 937 

uncertainties in the estimates may be caused by differences in disaggregating data for composite 938 

dishes before intake estimations; inaccuracies in mapping food consumption data according to the 939 

FoodEx2 classification; analytical errors or errors in estimating the cobalamin content of foods in the 940 

food composition tables; the use of borrowed cobalamin values from other countries; or the 941 

replacement of missing cobalamin values by values of similar foods or food groups in the cobalamin 942 

intake estimation process. These uncertainties may, in principle, cause both under- and overestimation 943 

of cobalamin intake. Cobalamin losses during food processing can be up to 50 % (e.g. in stewing or 944 

frying meat or poultry) but cobalamin  retention factors usually vary between 65 and 100 % 945 

(Bergström, 1994). It is not possible to conclude which of the intake estimates (i.e. those by EFSA or 946 

the respective country) would be closer to the actual cobalamin intake. 947 

4. Overview of Dietary Reference Values and recommendations 948 

4.1. Adults 949 

In their 2012 review of the Nordic Nutrition Recommendations (NNR), the Nordic countries 950 

considered that there were no additional scientific data to update their recommendations from 2004 951 

(Nordic Council of Ministers, 2014). The requirement for cobalamin was based on studies of patients 952 

with pernicious anaemia. In a study in 20 patients, an intramuscular dose of 0.5–2.0 µg/day was 953 

needed for normalising and maintaining haematological status, with 0.5–1.0 µg being sufficient for 954 

most subjects (Darby et al., 1958). As these patients are unable to reabsorb cobalamin secreted into 955 

bile, the physiological requirement of healthy individuals was considered to be somewhat lower. An 956 

average physiological requirement of cobalamin was set at 0.7 µg/day, based on this study and other 957 

studies (Herbert, 1987, 1988). With correction for absorption efficiency (50 %) the AR was set 958 

at 1.4 µg/day for adults. By assuming a CV of 15 % and adding two SD to allow for individual 959 

variation, the recommended intake for adults was set at 2 µg/day. It was considered that results from 960 

intervention and epidemiological studies do not support benefits of higher intakes for the prevention of 961 

common diet-related diseases such as cancer, cardiovascular disease or cognitive impairment. It was 962 

also considered that there was insufficient evidence for an association between subnormal blood 963 

concentrations of cobalamin and anaemia among older adults. It was also noted that results from cross-964 

sectional population studies have shown that biochemical indicators of cobalamin status are stabilised 965 

at dietary intakes of about 4–10 μg/day among adults (Bor et al., 2006; Vogiatzoglou et al., 2009b; Bor 966 

et al., 2010) but it was considered as unclear whether intakes in the above range were associated with 967 

long-term benefits. 968 
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D-A-CH (2013) stated that by measuring plasma cobalamin concentration and haematological 969 

parameters it can be assessed whether the cobalamin requirement of an individual is met (Stewart et 970 

al., 1970; Herbert, 1987; Narayanan et al., 1991). D-A-CH considered the average requirement for 971 

cobalamin of a healthy adult to be 2 µg/day and set the recommended intake at 3 µg/day for adults 972 

considering that the absorption efficiency from a mixed diet is 50 %. 973 

Afssa (2001) proposed a daily intake of 2.4 µg/day for adults, based on an estimated average 974 

requirement of 2.0 µg/day and assuming a CV of 10 %. This was estimated from an average loss of 975 

biliary cobalamin in the faeces of 0.8 µg/day, considering a mean secretion of cobalamin into bile of 976 

1.3 µg/day (el Kholty et al., 1991) and a re-absorption of 50 % (Adams et al., 1971). A correction 977 

factor for cobalamin absorption from foods of 40 % was applied. 978 

The US Institute of Medicine (IOM, 1998) calculated an Estimated Average Requirement (EAR) of 979 

2.0 µg/day and set a Recommended Dietary Allowance (RDA) of 2.4 µg/day assuming a CV of 10 %. 980 

The EAR was based on the amount of intramuscular cobalamin required daily to maintain 981 

haematological status and serum cobalamin concentration in patients with pernicious anaemia in 982 

remission (approximately 1.5 µg/day (Darby et al., 1958)), after adjusting for the extra faecal loss of 983 

cobalamin in these patients compared to healthy individuals (0.5 µg/day), and correcting for 984 

absorption efficiency from the diet (50 %). The evidence available from studies which assessed the 985 

required dose to maintain haematological status and serum cobalamin concentration in vegetarians or 986 

subjects with low cobalamin intake (Jadhav et al., 1962; Winawer et al., 1967; Stewart et al., 1970; 987 

Baker and Mathan, 1981; Narayanan et al., 1991) supported an intake of at least 1.5 g/day. The 988 

Committee also noted that studies have indicated losses of 0.1–0.2 % per day of the cobalamin pool 989 

regardless of the size of the pool (Heyssel et al., 1966; Reizenstein et al., 1966; Boddy and Adams, 990 

1972; Amin et al., 1980). A person with a pool of 1 000 g would excrete 1 µg/day, while a person 991 

with a pool of 3 000 µg would excrete 3 µg/day, and the amounts required daily to replenish these 992 

pools would be 2 µg and 6 µg of cobalamin, respectively, assuming that 50 % of dietary cobalamin is 993 

absorbed. Considering that the lowest pool size compatible with health is 300 g (derived from Bozian 994 

et al. (1963)), stores of 1–3 mg allow maintaining adequate body stores for a few years. Insufficient 995 

data were available to use serum MMA concentrations.  996 

WHO/FAO (2004) adopted the approach of the IOM (1998) for deriving its recommended nutritient 997 

intake for cobalamin for adults. 998 

The SCF (1993) derived an AR of 1.0 g/day and set a PRI of 1.4 µg/day assuming a CV of 20 %. 999 

SCF took into consideration that there was no evidence of haematological or neurological dysfunction 1000 

at an intake of 0.5 µg/day in subjects on strict vegetarian diets (Armstrong et al., 1974; Jathar et al., 1001 

1975; Abdulla et al., 1981), but there was some evidence of biochemical abnormality (elevated urinary 1002 

MMA concentration) (Specker et al., 1990; Miller et al., 1991) and evidence that people with 1003 

apparently normal haematology were developing irreversible neurological damage. SCF referred to 1004 

two studies on vitamin turnover which estimated mean daily requirements of cobalamin of between 1005 

0.25 µg/day and 1.0 µg/day (Anderson, 1965) and 1.3 µg/day (Herbert, 1987). 1006 

The Netherlands Food and Nutrition Council (1992) estimated that the acceptable minimum body 1007 

store of cobalamin should be approximately 500 µg, based on research carried out on individuals who 1008 

did not yet show any haematological symptoms of cobalamin deficiency (WHO/FAO, 1970). 1009 

Considering a daily loss of 0.5–1 µg/day at this level and an absorption efficiency of 50 % (Herbert, 1010 

1987), a requirement of 1–2 µg/day was set for adults aged 22 years and above. An adequate range of 1011 

intake of 1.25–2.50 µg/day was proposed, adding a 25 % safety margin for variation. 1012 

The UK COMA (DH, 1991) considered that the amount to prevent or cure megaloblastic anaemia of 1013 

cobalamin deficiency in adults appeared to be less than 1 µg/day, based on evidence from studies in 1014 

vegetarians (Armstrong et al., 1974; Abdulla et al., 1981), subjects with diet-related cobalamin 1015 

deficiency anaemia (Baker and Mathan, 1981) and subjects with pernicious anaemia (Sullivan and 1016 

Herbert, 1965; Cooper and Lowenstein, 1966) and set the Lower Reference Nutrient Intake (LRNI) for 1017 
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cobalamin at 1 µg/day. The Committee proposed an AR of 1.25 µg/day and a Reference Nutrient 1018 

Intake (RNI) of 1.5 µg/day. 1019 

Table 1:  Overview of Dietary Reference Values for cobalamin for adults 1020 

 NCM 

 (2014) 

D-A-CH 

(2013)
 

WHO/FAO 

(2004) 

Afssa 

(2001) 

IOM  

(1998)
 

SCF 

(1993) 

NL 

(1992) 

DH 

(1991) 

Age (years) ≥ 18 ≥ 19 ≥ 19 ≥ 20 ≥ 19 ≥ 19 19–22 ≥ 19 

PRI Men (µg/day) 2.0 3.0 2.4 2.4 2.4 1.4 1.10–2.18 
(a)

 1.5 

PRI Women (µg/day) 2.0 3.0 2.4 2.4 2.4 1.4 1.33–2.58 
(a)

 1.5 

Age (years)       ≥ 22  

PRI (µg/day)       1.25–2.50 
(a)

  

NCM, Nordic Council of Ministers; NL, Health Council of the Netherlands; PRI, Population Reference Intake. 1021 
(a): Adequate range of intake. 1022 

4.2. Infants and children 1023 

For children, the Nordic countries maintained their approach of NNR 1996 that was based on an AR 1024 

for cobalamin of 0.05 µg/kg body weight per day (Nordic Council of Ministers, 2014). The latter value 1025 

had been derived by the US National Research Council (1989) from a proposed RDA of 0.3 µg/day 1026 

for infants aged 0–6 months, based on the consideration that a dose of 0.1 μg cobalamin/day had been 1027 

shown to provide full therapeutic response in cobalamin-deficient infants and allowing for some 1028 

storage. 1029 

D-A-CH (2013) derived an Adequate Intake (AI) of 0.4 µg/day for infants aged less than four months 1030 

(i.e. 0.06 µg/kg body weight per day) from the average intake with breast milk (Souci et al., 2008). 1031 

Recommended intakes for older infants and children were derived from the reference value for 1032 

younger infants considering the increase in weight, and varied from 0.8 µg/day for infants aged  1033 

4 to < 12 months to 3.0 µg/day for adolescents aged 13 to < 19 years. 1034 

Afssa (2001) proposed a daily intake of 0.5 µg/day for infants up to one year of age, based on the 1035 

average cobalamin concentration and daily intake of maternal milk. For children, the recommended 1036 

intakes were derived by scaling down from the reference value for adults using square height as 1037 

extrapolation factor. 1038 

IOM (1998) set an AI of 0.4 µg/day for infants aged 0–6 months based on an average cobalamin 1039 

concentration in milk of mothers with adequate cobalamin status. An AI of 0.5 µg/day for infants from 1040 

7–12 months was proposed, which was extrapolated from the AI for younger infants. It was noted that 1041 

these intakes were above the intake level associated with increased urinary MMA concentrations in 1042 

infants of vegan mothers. Supplementation with cobalamin at the AI was recommended for infants of 1043 

vegan mothers on the basis of evidence that their stores at birth are low and that their mother’s milk 1044 

would supply only small amounts of the vitamin. Due to lack of data in children, the EARs were 1045 

extrapolated down from adult values using allometric scaling and applying a growth factor. 1046 

Based on the assumption that breast milk contains sufficient cobalamin for optimum health,  1047 

WHO/FAO (2004) estimated an AR of between 0.3 and 0.6 µg/day for infants and a recommended 1048 

nutrient intake of between 0.4 and 0.7 µg/day. WHO/FAO proposed to use the lower figure of 1049 

0.4 µg/day for infants aged 0–6 months and 0.7 µg/day for infants aged 7–12 months. For children, 1050 

WHO/FAO adopted the same approach as the IOM. 1051 

The Netherlands Food and Nutrition Council (1992) proposed an adequate range of intake of 0.2–1052 

0.5 g/day for infants up to six months, on the basis of the cobalamin concentration of breast milk and 1053 

the fact that cobalamin deficiency does not normally occur in breast-fed infants (WHO/FAO, 1970; 1054 

Ciba-Geigy, 1977; Thomas et al., 1980; Sandberg et al., 1981; Van Zoeren-Grobben et al., 1987). 1055 

Adequate ranges of intake for older infants and children were calculated on the basis of the quantity of 1056 
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cobalamin which must be absorbed per day to offset losses and to build up a body reserve, using a 1057 

factorial method.  1058 

SCF (1993) proposed a PRI of 0.5 µg/day for infants aged 6–11 months, based on evidence that 1059 

infants born with very poor stores of cobalamin needed 0.37 µg/day to cure cobalamin insufficiency as 1060 

evidenced by increased urinary MMA excretion (Specker et al., 1990). In the absence of specific 1061 

studies, SCF extrapolated values for children from those for adults on the basis of energy expenditure. 1062 

The UK COMA (DH, 1991) set a LRNI of 0.1 µg/day for infants, as this dose was shown to cure 1063 

megaloblastic anaemia in infants receiving less than 60 ng/day from breast milk (Jadhav et al., 1962). 1064 

The RNI was set at 0.3 µg/day which was the intake required to normalise elevated urinary MMA 1065 

excretion (Specker et al., 1990). Amounts for children were interpolated between these and the values 1066 

for adults. 1067 

Table 2:  Overview of Dietary Reference Values for cobalamin for infants and children 1068 

 NCM 

(2014)  

D-A-CH 

(2013) 

WHO/FAO 

(2004) 
Afssa 

(2001) 

IOM 

(1998) 

SCF 

(1993) 

NL  

(1992) 

DH 

(1991) 

Age (months) 6–11 4–< 12 7–12 0–12 7–12 6–11 7–11 7–12 

PRI (µg/day) 0.5 0.8 0.7 (a) 0.5 (a) 0.5 (a) 0.5 0.45–0.60 (b) 0.4 

Age (years) 1–< 2 1–< 4 1–3 1–3 1–3 1–3 1–4 1–3 

PRI (µg/day) 0.6 1.0 0.9 0.8 0.9 0.7 0.33–0.58 (b) 0.5 

Age (years) 2–5 4–< 7 4–6 4–6 4–8 4–6 4–7 4–6 

PRI (µg/day) 0.8 4.5 1.2 1.1 1.2 0.9 0.48–0.85 (b) 0.8 

Age (years) 6–9 7–< 10 7–9 7–9 9–13 7–10 7–10 7–10 

PRI (µg/day) 1.3 1.8 1.8 1.4 1.8 1.0 0.63–1.13 (b) 1.0 

Age (years) 10–17 10–< 13 10–18 10–12 14–18 11–14 10–13 11–14 

PRI Boys (µg/day) 2.0 2.0 2.4 1.9 2.4 1.3 0.83–1.50 (b)  1.2 

PRI Girls (µg/day) 2.0 2.0 2.4 1.9 2.4 1.3 0.88–1.58 (b) 1.2 

Age (years)  13–<19  13–15  15–17 13–16 15–18 

PRI Boys (µg/day)  3.0  2.3  1.4 1.23–2.20 (b) 1.5 

PRI Girls (µg/day)  3.0  2.3  1.4 1.05–2.03 (b) 1.5 

Age (years)    16–19   16–19  

PRI Boys (µg/day)    2.4   1.43–2.63 (b)  

PRI Girls (µg/day)    2.4   1.13–2.18 (b)  

NCM, Nordic Council of Ministers; NL, Health Council of the Netherlands; PRI, Population Reference Intake.  1069 
(a): Adequate Intake. 1070 
(b): Adequate range of intake. 1071 

4.3. Pregnancy 1072 

In their recent review, the Nordic countries considered that there were no additional data to update 1073 

their recommendations from 2004 for pregnant women (Nordic Council of Ministers, 2014). 1074 

Considering that pregnant women have adequate stores to cover the additional requirement of 0.1–1075 

0.2 µg/day (Herbert, 1987), it was stated that the same recommendations apply as for non-pregnant 1076 

women. 1077 

D-A-CH (2013) considered that 0.1–0.2 µg/day of cobalamin is transferred to the fetus during 1078 

pregnancy, but that a cobalamin deficiency of the mother or the newborn can be excluded in case of 1079 

normal body stores prior to pregnancy. The additional recommended intake of 0.5 µg/day during 1080 

pregnancy was set as a precaution in case the extent of pre-existing body stores was unknown and also 1081 

in order to maintain a high nutrient density of the diet. Hence, the recommended intake during 1082 

pregnancy was set at 3.5 µg/day. 1083 

On the basis of a fetal deposition of 0.1–0.2 µg/day throughout pregnancy and evidence that maternal 1084 

absorption of the vitamin becomes more efficient during pregnancy, the IOM (1998) proposed to 1085 

increase the EAR by 0.2 µg/day during pregnancy. The RDA was set at 2.6 µg/day. Based on similar 1086 

considerations, Afssa (2001) and WHO/FAO (2004) also proposed a daily intake of 2.6 µg/day for 1087 

pregnant women. Based on an estimated fetal deposition of 0.16 µg cobalamin/day during the second 1088 
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and third trimester of pregnancy, the Netherlands Food and Nutrition Council (1992) proposed an 1089 

adequate range of intake of 1.65–2.90 µg cobalamin/day for pregnant women. 1090 

SCF (1993) recommended an additional intake of cobalamin of 0.2 µg/day for pregnant women, in 1091 

order to prevent the risk of an inadequate supply for the developing fetus that could impair growth rate 1092 

and lead to neurological damage, as had been observed in children from women on strict vegetarian 1093 

diets.  1094 

The UK COMA (DH, 1991) considered the RNI of 1.5 µg/day for adults to be also sufficient for 1095 

pregnant women, on the assumption that their body stores would not be depleted at the beginning of 1096 

pregnancy. 1097 

Table 3:  Overview of Dietary Reference Values for cobalamin for pregnant women 1098 

 NCM 

(2014) 

D-A-CH 

(2013)
 

WHO/FAO 

(2004) 

Afssa 

(2001) 

IOM 

(1998)
 

SCF  

(1993) 

NL 

(1992) 

DH 

(1991) 

Age (years)     14–50    

PRI (µg/day) 2.0 3.5 2.6 2.6 2.6 1.6  1.65–2.90 
(a)

 1.5 

NCM, Nordic Council of Ministers; NL, Health Council of the Netherlands; PRI, Population Reference Intake.  1099 
(a): Adequate range of intake. 1100 

4.4. Lactation 1101 

For lactating women, most organisations proposed an increment in cobalamin intake of 0.4 µg/day 1102 

(Netherlands Food and Nutrition Council, 1992; IOM, 1998; Afssa, 2001; WHO/FAO, 2004) to 1103 

0.5 µg/day (DH, 1991), in order to cover for the amount of cobalamin secreted in breast milk. SCF 1104 

(1993) recommended an increment of 0.5 µg cobalamin/day in order to replace an amount of 1105 

cobalamin secreted in breast milk of 0.37 µg/day, which is the level of intake below which cobalamin 1106 

insufficiency may occur in breast-fed infants (Specker et al., 1990). 1107 

The NNR maintained its earlier recommendation from 2004 and considered that an additional 1108 

0.6 µg/day is needed to compensate for the secretion of cobalamin in breast milk (Nordic Council of 1109 

Ministers, 2014).  1110 

D-A-CH (2013) recommended for lactating women an additional intake of 1.0 µg/day (after 1111 

rounding), taking into account the daily secretion of 0.4 µg/day in milk of mothers fully breastfeeding, 1112 

and an average absorption efficiency of 50 %. Hence, the recommended intake during lactation was 1113 

set at 4.0 µg/day. 1114 

Table 4:  Overview of Dietary Reference Values for cobalamin for lactating women 1115 

 NCM 

(2014) 

D-A-CH 

(2013)
 

WHO/FAO 

 (2004) 

Afssa 

(2001) 

IOM 

(1998)
 

SCF  

(1993) 

NL 

(1992) 

DH 

(1991) 

Age (years)     14–50    

PRI (µg/day) 2.6 4.0 2.8 2.8 2.8 1.9  2.25–3.50 
(a)

 2.0 

NCM, Nordic Council of Ministers; NL, Health Council of the Netherlands; PRI, Population Reference Intake. 1116 
(a): Adequate range of intake. 1117 
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5. Criteria (endpoints) on which to base Dietary Reference Values 1118 

5.1. Indicators of cobalamin requirement  1119 

5.1.1. Data in adults 1120 

5.1.1.1. Maintenance of haematological status 1121 

Some expert bodies established reference values for cobalamin intake based on the relationship 1122 

between cobalamin intake and maintenance of an adequate haematological status (IOM, 1998; 1123 

WHO/FAO, 2004; D-A-CH, 2013; Nordic Council of Ministers, 2014). In this approach, the amount 1124 

of daily cobalamin required to maintain a normal haematological status (i.e. stable haemoglobin 1125 

concentration, normal MCV and reticulocyte response) in individuals with pernicious anaemia in 1126 

remission was considered. The requirement of healthy subjects was then derived by subtracting the 1127 

extra biliary loss of cobalamin due to pernicious anaemia and correcting for fractional absorption, and 1128 

estimated to be 1.5–2 µg/day (see Section 4.1). Data on the cobalamin dose required to maintain 1129 

normal haematological status and serum cobalamin concentrations in vegetarians or subjects with low 1130 

cobalamin intake were also considered by some expert bodies (DH, 1991; IOM, 1998; WHO/FAO, 1131 

2004; D-A-CH, 2013). 1132 

The Panel notes that daily losses of 0.1–0.2 % of body stores have been observed irrespective of the 1133 

size of the body pool (see Section 2.3.6.1). Individuals with pernicious anaemia in remission are 1134 

expected to have depleted body stores, thus lower absolute daily losses than healthy individuals. The 1135 

daily amount of 1 μg derived from this approach may be considered a minimal physiological 1136 

requirement for cobalamin, adequate to maintain normal haematological status in subjects with low 1137 

body stores (1–2 mg). Higher body stores (typically between 2 and 3 mg) are usually observed in 1138 

healthy people (see Section 2.3.4), whose maintenance would require higher levels of intake. 1139 

5.1.1.2. Factorial approach 1140 

The factorial approach estimates daily obligatory losses of cobalamin in healthy subjects, which need 1141 

to be replaced by dietary intake. Considering cobalamin stores of 2–3 mg (see Section 2.3.4) and a rate 1142 

of loss of 0.1–0.2 % of stores per day (see Section 2.3.6.1), total cobalamin losses would range 1143 

between 2 and 6 μg per day. With an absorption efficiency of dietary cobalamin of 40 % (see Section 1144 

2.3.1), the dietary cobalamin intake needed to compensate daily losses would range from 5 to 15 μg 1145 

per day (Table 5).  1146 

Table 5:  Estimated daily obligatory losses of cobalamin and associated estimated requirements  1147 

Cobalamin body stores (mg) 2 mg 3 mg 

% Losses 0.1 % 0.2 % 0.1 % 0.2 % 

Daily losses 
(a)

 (µg) 2.0 4.0 3.0 6.0 

Requirement 
(b)

 (µg)   5.0 10.0 7.5 15.0 

(a): Daily losses =  cobalamin body stores × % losses. 1148 
(b): Estimated cobalamin intake required to compensate daily cobalamin losses. Requirement = daily losses / absorption. An 1149 

absorption efficiency of 40 % was considered. 1150 
 1151 
When considering other values for absorption efficiency, e.g. 30 or 50 % (see Section 2.3.1), the range 1152 

of associated requirements becomes even wider (4–20 µg/day), underlining the uncertainty associated 1153 

with this approach. The Panel notes that the factorial approach has limitations in that it relies heavily 1154 

on assumptions as regards absorption efficiency, body stores and losses, for which reported values are 1155 

limited and based on relatively old studies with few subjects using isotopes and invasive methods that 1156 

cannot be updated for ethical reasons. The inherent uncertainty of this approach is reflected in the 1157 

wide range of cobalamin intake calculated to compensate for estimated daily losses, depending on the 1158 

assumptions taken. 1159 
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5.1.1.3. Serum/plasma biomarkers of cobalamin status 1160 

Total serum cobalamin, holoTC, MMA or plasma tHcy concentrations, when used in isolation, lack 1161 

sufficient sensitivity and/or specificity to define adequate cobalamin status. The Panel concludes that 1162 

the limitations of all biomarkers make a combination of biomarkers necessary to assess cobalamin 1163 

status. Serum holoTC carries the functional fraction of cobalamin that can be taken up by tissues. The 1164 

Panel considers that serum holoTC is the most specific biomarker to characterise adequate cobalamin 1165 

status. The Panel considers serum cobalamin as a less specific but supportive biomarker. Serum MMA 1166 

and plasma tHcy reflect cobalamin coenzymatic functions (i.e. activities of methionine synthase and 1167 

methylmalonyl-CoA mutase) and are considered as supportive biomarkers for the assessment of 1168 

cobalamin status (Section 2.4.6). 1169 

The Panel considers that serum concentrations of holoTC and cobalamin within the reference ranges 1170 

for healthy adults, together with serum MMA and plasma tHcy concentrations below cut-off values for 1171 

cobalamin insufficiency and hyperhomocysteinaemia, which have been proposed in the literature, are 1172 

indicative of an adequate cobalamin status. Lower limits of available reference ranges for serum 1173 

holoTC and cobalamin range between 11 and 48 pmol/L (Section 2.4.3) and between 134 and 1174 

179 pmol/L (Section 2.4.2), respectively. Proposed cut-off values range from 210 to 450 nmol/L for 1175 

serum MMA concentrations (Section 2.4.4). A plasma tHcy concentration above 15 µmol/L in adults 1176 

can be considered as indicative of hyperhomocysteinaemia (Section 2.4.5). 1177 

Only few studies report simultaneously on the relationships between cobalamin intake and serum 1178 

cobalamin, holoTC, MMA and plasma tHcy concentrations. 1179 

One observational study included 98 postmenopausal women aged 41–75 years from Denmark (Bor et 1180 

al., 2006) with established osteoporosis or risk factors for osteoporosis and who were participating in a 1181 

clinical trial testing soymilk or progesterone for prevention of bone loss (Lydeking-Olsen et al., 2004). 1182 

Impaired renal function was not part of the exclusion criteria and 36 % of the subjects had a gastric pH 1183 

≥ 3 or a prolonged alkali-challenge test, indicating impaired gastric function. The Panel considers that 1184 

no conclusions can be drawn from this study on the relationships between cobalamin intake and 1185 

biomarkers of cobalamin status in the healthy general population.  1186 

One observational study included 299 healthy women and men aged 18–50 years in the USA (Bor et 1187 

al., 2010). Cobalamin intake was assessed using an FFQ that included foods fortified with cobalamin; 1188 

subjects taking supplements were excluded from the study. IF antibodies were not found in any 1189 

subject, while antibodies against H. pylori were detected in 12 % of the subjects. Significantly lower 1190 

serum cobalamin concentrations were detected in subjects with antibodies against H. pylori (n = 35) 1191 

compared to the other subjects (n = 264) (p = 0.011). No differences between groups were found for 1192 

the other biomarkers. The relationship between quintiles of cobalamin intake (median intake for each 1193 

quintile) and serum concentrations of holoTC, cobalamin, MMA and plasma tHcy was assessed 1194 

(Figure 1). 1195 

The Panel notes that at a cobalamin intake of 2.8 μg/day (median of quintile 2), mean serum holoTC 1196 

concentration was approximately 50 pmol/L, which is close to the lower limits of available reference 1197 

ranges and the proposed cut-off values for cobalamin insufficiency (Section 2.4.3). At this level of 1198 

cobalamin intake, mean serum cobalamin, MMA and plasma tHcy concentrations were around 1199 

325 pmol/L, 210 nmol/L and 8 µmol/L, respectively. At a cobalamin intake of 4.2 μg/day (median of 1200 

quintile 3), mean serum holoTC concentration was approximately 65 pmol/L, which is well above 1201 

lower limits of available reference ranges. The Panel notes that a further increase in cobalamin intake 1202 

did not result in higher serum holoTC concentration in this population. At this level of cobalamin 1203 

intake, mean serum MMA concentration was around 200 nmol/L. Mean plasma tHcy and mean serum 1204 

cobalamin concentrations were 7 µmol/L and 350 pmol/L, respectively. This falls within the range of 1205 

concentrations considered adequate for the respective biomarkers. Concentrations of the respective 1206 

biomarkers levelled off at cobalamin intakes between 4 and 7 μg/day. The Panel notes that information 1207 
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on the distribution of the individual data for each biomarker in the different quintiles has not been 1208 

reported.  1209 

 1210 

Figure 1:  Relation between cobalamin intake and cobalamin biomarkers (n = 299, women and men 1211 

aged 18–50 years).  1212 

Mean (± SEM) concentrations are plotted against the median intake for each quintile (each with n = 60, except for the fifth 1213 
quintile, n = 59). Quintiles cover the following median (range) daily cobalamin intakes: quintile 1, 1.5 g (0.4–2.1 g); 1214 
quintile 2, 2.8 g (2.1–3.4 g); quintile 3, 4.2 g (3.4–5.3 g), quintile 4, 7.0 g (5.4–8.6 g); and quintile 5, 11.2 g (8.7–1215 
22.7 g). Concentrations of holo-transcobalamin (holo-TC; p < 0.0001), cobalamin (p = 0.0003), total homocysteine (tHcy; 1216 
p = 0.017), and methylmalonic acid (MMA; p = 0.009) differed significantly between quintiles for cobalamin intake (one-1217 
factor ANOVA, after log transformation). *,**,*** Cobalamin intakes in the lowest quintile differed significantly from other 1218 
quintiles as labelled: *p < 0.05, **p < 0.01, ***p < 0.001 (all by Tukey’s multiple-comparisons test). American Journal of 1219 
Clinical Nutrition 2010;91:571–7. © 2010 American Society for Nutrition.  1220 
 1221 
An RCT in 231 healthy adults in the UK investigated the response of cobalamin biomarkers to 1222 

supplementation with various doses of cobalamin (3.4, 12.7 and 46.1 µg/day) for 16 weeks, after 1223 

folate repletion (400 µg folic acid/day for 11 weeks) (Pentieva et al., 2012). An average background 1224 

dietary cobalamin intake of 4 μg/day was estimated in this cohort. At the end of the study, mean 1225 

(± SD) serum MMA, plasma tHcy and serum cobalamin concentrations were 220 nmol/L, 8.4 µmol/L 1226 

and 300 pmol/L, respectively, in the placebo group. Minimum serum MMA concentration (around 1227 

190 nmol/L) was achieved with the supplemental cobalamin dose of 3.4 μg/day, i.e. a total cobalamin 1228 

intake of ~ 7 μg/day; no further decrease in serum MMA concentration was observed with the higher 1229 

supplemental doses. No significant effect of supplementation was observed on plasma tHcy (mean 1230 

concentrations between 8 and 8.4 µmol/L).  1231 

The Panel notes that at a cobalamin intake of 4 µg/day mean serum cobalamin concentration was well 1232 

above lower limits of available reference ranges and both biomarkers of cobalamin function, MMA 1233 

and tHcy, were close to or below proposed cut-off values. No information is available from this study 1234 

on concentrations of biomarkers of cobalamin status at intakes below 4 μg/day. 1235 

In a large population-based study in 5 937 middle-aged (47–49 years) and older (71–74 years) men 1236 

and women in Norway, cobalamin intake, assessed by FFQ, and cobalamin biomarkers were assessed 1237 

(Vogiatzoglou et al., 2009b). Mean daily cobalamin intake was 5.5 and 5.1 µg for middle-aged and 1238 

older women, and 7.3 and 6.9 µg for middle-aged and older men, respectively. Mean plasma holoTC 1239 

concentration was available only for the older subjects and was 86 and 93 pmol/L for men and women, 1240 

respectively. Mean plasma cobalamin concentrations were 353 and 358 pmol/L for the middle-aged 1241 

men and women and 335 and 352 pmol/L for the older men and women, respectively. Mean plasma 1242 

MMA concentrations were 160 nmol/L for the middle-aged men and women and 200 nmol/L for the 1243 
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older men and women. Mean plasma tHcy concentrations were 10.4 and 8.8 µmol/L for the middle-1244 

aged men and women, and 12.5 and 10.8 µmol/L for the older men and women, respectively. 1245 

The Panel notes that at intakes between 5 and 7 µg/day, both plasma holoTC and cobalamin were well 1246 

above lower limits of available reference ranges and both biomarkers of cobalamin function, MMA 1247 

and tHcy, were below proposed cut-off values. No information is available from this study on the 1248 

dose–response relationship between cobalamin intake and biomarkers of cobalamin status at lower 1249 

intakes. 1250 

5.1.1.4. Conclusions on indicators of cobalamin requirement 1251 

The Panel notes that intakes of 1.5–2 µg/day seem to represent a minimum requirement for 1252 

maintenance of a normal haematological status, associated with low body stores of 1–2 mg (Section 1253 

5.1.1.1). The factorial approach results in a range of estimated requirement between 5 and 15 µg/day 1254 

(Section 5.1.1.2), which reflects the large uncertainties associated with this approach. 1255 

The Panel considers the approach based on cobalamin biomarkers of status as the most suitable 1256 

approach to derive DRVs for cobalamin for adults. The Panel notes that there is consistent evidence 1257 

from observational and intervention studies that a cobalamin intake of 4 µg/day and above is 1258 

associated with serum concentrations of holoTC and cobalamin within the reference ranges derived 1259 

from healthy adults together with serum MMA and plasma tHcy concentrations below proposed cut-1260 

off values, which is assumed to be indicative of an adequate cobalamin status. 1261 

5.1.2. Data in infants and children 1262 

During the first weeks of life, a decrease in serum cobalamin concentration accompanied by an 1263 

increase in serum MMA and plasma tHcy concentrations has been observed in several studies (Bjorke-1264 

Monsen and Ueland, 2011), being lowest (cobalamin) and highest (tHcy and MMA) in infants six 1265 

weeks to six months of age. In a study involving 700 children aged 4 days to 19 years in Norway, 1266 

serum cobalamin was observed to increase and achieve a maximum at three to seven years of age and 1267 

then decreased, median plasma tHcy remained low (< 6 μmol/L) and increased from the age of seven 1268 

years, whereas median plasma MMA remained low throughout childhood (< 0.26 μmol/L) (Monsen et 1269 

al., 2003). Cobalamin intake was not reported in these studies. 1270 

In a systematic review on the associations between cobalamin intake and biomarkers in children 1271 

(Iglesia et al., 2013), one cross-sectional study was identified which examined dietary intake of 1272 

cobalamin and serum cobalamin, holoTC, MMA and tHcy concentrations in 155 healthy, non-breast-1273 

fed Norwegian toddlers at 24 months of age (Hay et al., 2011). Seven-day weighed food records were 1274 

used for cobalamin intake assessment. Median cobalamin intake was 3.1 μg/day and none of the 1275 

children had a cobalamin intake below 0.8 µg/day. Median (25
th
–75

th
 percentile) concentrations were 1276 

410 pmol/L (334–521 pmol/L) for serum cobalamin, 94 pmol/L (67–121 pmol/L) for serum holoTC, 1277 

160 nmol/L (130–200 nmol/L) for serum MMA and 5.0 μmol/L (4.2–5.7 μmol/L) for plasma tHcy. 1278 

Cobalamin and holoTC concentrations were plotted against the respective median intake of each 1279 

quartile of cobalamin intake (Q1 ≈ 2 μg/day, Q2 ≈ 3 μg/day, Q3 ≈ 3.5 μg/day, Q4 ≈ 5 μg/day). A 1280 

positive association between intake of cobalamin and serum holoTC (Spearman’s correlation ρ = 0.21, 1281 

p < 0.05) was observed. Mean serum cobalamin and holoTC concentrations were > 350 pmol/L and 1282 

> 75 pmol/L across quartiles. A plateau in cobalamin and serum holoTC was reached at a cobalamin 1283 

intake of ~ 3 μg/day. Neither MMA nor tHcy concentrations decreased with increasing cobalamin 1284 

intakes. HoloTC was negatively associated with MMA concentrations (r = –0.41, p < 0.001). Neither 1285 

MMA nor tHcy concentrations correlated with serum cobalamin concentration. 1286 

The Panel notes that results from one study in children at 24 months of age indicate that at intakes 1287 

above 3 µg/day, holoTC in serum does not rise further. Mean serum holoTC and cobalamin 1288 

concentrations were well within the reference ranges proposed for this age group (Section 2.4) for all 1289 

quartiles of intake (median intake range across quartiles: 2–5 μg/day). No decrease in MMA or tHcy 1290 

concentration was apparent with increasing holoTC concentration, which may be indicative of an 1291 
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adequate cobalamin status at these levels of intake. However, no information is available on cobalamin 1292 

status at cobalamin intakes below 2 µg/day. There is no information on the relationships between 1293 

biomarkers of cobalamin status and cobalamin intake in older children. 1294 

5.1.3. Data in pregnant women 1295 

IOM (1998) and WHO/FAO (2004) estimated that the fetus accumulates an average of 0.1–0.2 μg/day 1296 

of cobalamin, based on three studies of the liver content of infants born to women considered to have 1297 

an adequate cobalamin status (Baker et al., 1962; Vaz Pinto et al., 1975; Loría et al.) and assuming 1298 

that liver contains half of the total body cobalamin content. The placental cobalamin content was 1299 

considered negligible (Muir and Landon, 1985). 1300 

In cohorts of healthy pregnant women, a steady fall in serum cobalamin concentration is observed 1301 

during pregnancy, accompanied by increases in serum MMA and plasma tHcy concentrations 1302 

(Milman et al., 2006; Mørkbak et al., 2007a; Greibe et al., 2011; Hure et al., 2012), while serum 1303 

holoTC concentration remained unchanged (Mørkbak et al., 2007a; Greibe et al., 2011). Cobalamin 1304 

intake was not reported in these studies. 1305 

In the study by Koebnick et al. (2002) in 39 pregnant women in Germany, cobalamin intake 1306 

(mean ± SD 5.6 ± 2.0 µg/day) was not associated with serum cobalamin concentration. Serum 1307 

cobalamin concentration and percentage of saturation of cobalamin-binding proteins decreased 1308 

steadily throughout pregnancy. Significant reductions in haemoglobin concentration and red blood cell 1309 

counts and increases in MCV and neutrophil segmentation were observed during the course of 1310 

pregnancy. Plasma tHcy concentration significantly decreased between the first and second trimester 1311 

and then came back to the initial value in the third trimester. Results of an analysis of variance showed 1312 

that these changes were not affected by cobalamin status but rather by folate and iron status. 1313 

The Panel notes that data on the relationship between cobalamin intake and biomarkers of cobalamin 1314 

status in pregnancy are limited. At present, the causes (e.g. physiological changes, other determinants) 1315 

and significance of the changes in cobalamin biomarkers of status which have been observed in 1316 

pregnancy are unknown. The Panel considers that available data cannot be used for deriving DRVs for 1317 

cobalamin for pregnancy. 1318 

5.1.4. Data in lactating women 1319 

In a longitudinal study in 60 mother–child matched pairs in Denmark, the majority of whom took a 1320 

daily multivitamin supplement (1.0–4.5 µg cobalamin), maternal plasma cobalamin concentration did 1321 

not change during lactation (measured at two weeks, four months and nine months post partum), total 1322 

haptocorrin concentration slightly increased, while the concentrations of holoTC and MMA declined 1323 

over time (Greibe et al., 2013). In the four months-old children, plasma concentrations of cobalamin 1324 

and holoTC were significantly lower while concentrations of MMA were significantly higher than the 1325 

concentrations found at two weeks or nine months. In a subgroup of 25 mothers, a decline in breast 1326 

milk cobalamin concentration was observed between two weeks and four months post partum 1327 

followed by an increase at nine months post partum (Section 2.3.6.2). In a longitudinal study in 89 1328 

Danish lactating women, most of whom reported to take cobalamin supplements (1–18 μg/day, median 1329 

1 μg/day), no change in serum cobalamin concentration was observed from three weeks to nine 1330 

months post partum, whereas a significant decrease in serum holoTC and an increase in haptocorrin 1331 

concentrations were reported (Mørkbak et al., 2007b). Serum cobalamin, holoTC and haptocorrin 1332 

concentrations after nine months showed no statistical difference between the supplemented (n = 23) 1333 

and unsupplemented (n = 25) mothers. Total cobalamin intake was not reported in these studies. 1334 

The Panel notes that there are no data on the relationships between total cobalamin intake and 1335 

biomarkers of cobalamin status in lactating women and their infants. At present, the causes (e.g. 1336 

physiological changes, other determinants) and significance of the changes in cobalamin biomarkers 1337 

of status which have been observed in lactating women and their infants are unknown. The Panel 1338 

considers that available data cannot be used for deriving DRVs for cobalamin for lactation. 1339 
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5.2. Cobalamin intake and health consequences  1340 

Some observational studies and intervention studies have examined the association between cobalamin 1341 

intake and health outcomes. RCTs and prospective (cohort and nested case–control) studies are 1342 

considered in this section. The Panel notes that such relationships have mostly been investigated in 1343 

observational studies, where associations between cobalamin intake and health outcomes may be 1344 

confounded by the effect of dietary, sociodemographic, environmental, lifestyle, genetic or other 1345 

factors. 1346 

Doets et al. (2013a) conducted a systematic literature review on the relationship between cobalamin 1347 

intake and cognitive function in healthy adults. Four categories of cognitive outcomes were defined: 1348 

incident dementia, incident Alzheimer’s disease, global cognition and domain-specific cognition. Six 1349 

prospective cohort and nested case-control studies and two RTCs which assessed cobalamin intake 1350 

were included in the review. The RCTs involved older adults (~ 80 years) and used 10 or 50 µg 1351 

cobalamin/day for four weeks and 1 000 µg cobalamin/day for 24 weeks, respectively. The two RCTs 1352 

showed no effect of supplementation on measures of cognitive function. The cohort studies involved 1353 

older adults (≥ 60 years), with sample sizes between 122 and 3 718 subjects and follow-up duration 1354 

between 3 and 9.3 years. Three cohort studies assessed the association between cobalamin intake and 1355 

various measures of cognitive function, with inconsistent results. Three cohort studies assessed the 1356 

incidence of Alzheimer’s disease. The pooled estimate of these three studies showed no association 1357 

between cobalamin intake and incidence of Alzheimer’s disease (relative risk (RR) = 0.99, 95 % 1358 

CI = 0.99–1.00; I
2
 = 0 %, p = 0.92). 1359 

Intake of cobalamin was inversely associated with the risk of ischemic stroke (455 cases) in a 1360 

prospective study in 43 732 men (40–75 years; 14 years of follow-up) in the USA, after adjustment for 1361 

body mass index, physical activity, history of hypertension and hypercholesterolaemia, smoking 1362 

status, aspirin use, alcohol, total calorie and intakes of fibre, potassium, and vitamin E (Q5 vs. Q1: 1363 

RR = 0.73, 95 % CI = 0.52–1.03, p for trend = 0.05) (He et al., 2004). No association was observed 1364 

with haemorrhagic stroke (125 cases). In a prospective study in 26 556 male Finnish smokers (50–69 1365 

years; mean follow-up 13.6 years), no association was found between cobalamin intake and risk of 1366 

stroke subtypes (cerebral infarction (2 702 cases), intracerebral haemorrhage (383 cases) and 1367 

subarachnoid haemorrhage (196 cases)) (Larsson et al., 2008). No association was found between 1368 

cobalamin intake and mortality from stroke, coronary heart disease and total cardiovascular disease in 1369 

a propective cohort study in Japan (n = 58 730, 40–79 years; median follow-up 14 years) (Cui et al., 1370 

2010). 1371 

Cobalamin intake was not associated with hip fracture risk in a prospective cohort study in Chinese 1372 

adults (n = 63 257, 45–74 years; follow-up 13.8 years) (Dai et al., 2013). 1373 

The Panel considers that available data on cobalamin intake and health outcomes are inconsistent or 1374 

limited and cannot be used for deriving DRVs for cobalamin. 1375 

6. Data on which to base Dietary Reference Values 1376 

In consideration of the available data on the relationship between cobalamin intake and its status, 1377 

functions, and health consequences (Section 5), the Panel considers the combination of biomarkers, 1378 

i.e. holoTC, MMA, tHcy, and cobalamin in serum/plasma, as the most suitable criterion for deriving 1379 

DRVs for cobalamin. 1380 

6.1. Adults  1381 

The Panel notes that data on the dose–response relationships between cobalamin intake and 1382 

biomarkers of cobalamin status, considered together, are limited. One cross-sectional study (Bor et al., 1383 

2010) provides information on the dose–response relationship between quintiles of estimated 1384 

cobalamin intake and different biomarkers of cobalamin status in one population group in Norway. 1385 

One intervention study (Pentieva et al., 2012) provides data for a range of cobalamin intakes 1386 

≥ 4 μg/day; the adequacy of cobalamin intake below 4 µg/day cannot be assessed from this study. In 1387 
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addition to the limited data available, the Panel notes the uncertainties with respect to the cut-off 1388 

values of the indicators for cobalamin insufficiency and considers that an AR, i.e. the level of 1389 

cobalamin intake that meets the requirement of half of the healthy individuals in a group, cannot be 1390 

determined from the available evidence. However, there is consistent evidence from observational and 1391 

intervention studies that a cobalamin intake of 4 µg/day and above is associated with serum 1392 

concentrations of holoTC and cobalamin within the reference ranges derived from healthy subjects, 1393 

together with MMA and tHcy concentrations below proposed cut-off values in adults (Section 1394 

5.1.1.3), which indicates an adequate cobalamin status.  1395 

Therefore, the Panel sets an AI for cobalamin for adults at 4 µg/day based on the data on different 1396 

biomarkers of cobalamin status and in consideration of observed mean intakes in several EU countries, 1397 

which in adults range between 4.2 and 8.6 μg/day (Section 3.2). 1398 

6.2. Infants aged 7–11 months and children 1399 

The Panel notes the limited number of studies which used an accurate method to estimate the breast 1400 

milk concentration of cobalamin, their small sample sizes and the inclusion of mothers receiving 1401 

cobalamin supplements (Section 2.3.6.2). In addition, there is a lack of data from which an AR could 1402 

be derived for infants aged 7–11 months. Therefore, the Panel decides to set an AI for infants aged 7–1403 

11 months.  1404 

Downward extrapolation from the AI for adults, using allometric scaling on the assumption that 1405 

cobalamin requirement is related to metabolically active body mass, was done as follows:  1406 

AIchild = AIadult × (body weight of child/body weight of adult)
0.75

 × (1 + growth factor). 1407 

For infants, the mean of the median weight-for-age of male and female children aged 9 months 1408 

according to the WHO Growth Standard (WHO Multicentre Growth Reference Study Group, 2006) 1409 

was used. For adults, the mean (63.3 kg) of median body weights of 18 to 79-year-old men (68.1 kg) 1410 

and women (58.5 kg), respectively, based on measured body heights and assuming a body mass index 1411 

of 22 kg/m
2
 (see Appendix 11 in EFSA NDA Panel (2013)) was used. A growth factor of 0.57 was 1412 

applied (see Appendix G of EFSA NDA Panel (2014a)), which was calculated as the proportional 1413 

increase in protein requirement for growth relative to the maintenance requirement at the different 1414 

ages (EFSA NDA Panel, 2012). Thus, a value of 1.4 µg/day was calculated. 1415 

In comparison, upward extrapolation from the estimated cobalamin intake of fully breast-fed infants 1416 

during the first six months of life of 0.4 µg/day (Section 2.3.6.2), using allometric scaling and 1417 

reference body weights of 6.1 kg for an infant aged 3 months and 8.6 kg for an infant aged 9 months 1418 

(WHO Multicentre Growth Reference Study Group, 2006), results in an estimated cobalamin intake of 1419 

0.5 µg/day.   1420 

Owing to uncertainties in estimating breast milk cobalamin concentration (Section 2.3.6.2) and 1421 

considering that the approach of scaling down from adults used as a basis an intake consistent with 1422 

biomarker data, the Panel decides to set an AI for infants aged 7–11 months at 1.5 µg/day.  1423 

For children, the Panel also considers that there are insufficient data to derive an AR. Therefore, the 1424 

Panel decides to set AIs for children by extrapolation from the AI for adults based on allometric 1425 

scaling and application of a growth factor.  1426 

There are no data indicating that sex should be considered for cobalamin requirement for children. As 1427 

a consequence, the same values are given for boys and girls.  1428 

For children, rounded mean values of the median weight-for-age of boys and girls, respectively, aged 1429 

24 months (according to the WHO Growth Standard (WHO Multicentre Growth Reference Study 1430 

Group, 2006)), and aged 5, 8.5, 12.5 and 16 years (according to van Buuren et al. (2012)), were used. 1431 

The following growth factors were applied: 0.25 for boys and girls aged 1–3 years, 0.06 for boys and 1432 
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girls aged 4–6 years, 0.13 for boys and girls aged 7–10 years, 0.11 for boys and 0.08 for girls aged 11–1433 

14 years and 0.08 for boys and 0.03 for girls aged 15–17 years. Growth factors were calculated as the 1434 

proportional increase in protein requirement for growth relative to the maintenance requirement at the 1435 

different ages (EFSA NDA Panel, 2012). The value for each age group corresponds to the mean of 1436 

values for the years included (see Appendix G of EFSA NDA Panel (2014a)).  1437 

Table 6:  Reference body weights and Adequate Intakes (AIs) of cobalamin for infants from 1438 

seven months and children  1439 

Age Reference body weight
(a)

 

(kg) 

AI  

(μg/day)
(b)

 

7–11 months 8.6 1.5 

1–3 years 11.9 1.5 

4–6 years 19.0 1.5 

7–10 years 28.7 2.5 

11–14 years 44.6 3.5 

15–17 years 60.3 4 

(a): Rounded mean of median weight-for-age of boys and girls, respectively, aged 24 months according to the WHO Growth 1440 
Standard (WHO Multicentre Growth Reference Study Group, 2006), and aged 5, 8.5, 12.5 and 16 years according to van 1441 
Buuren et al. (2012).  1442 

(b): AIs were derived from the unrounded AIs for adults after adjustment on the basis of differences in reference body 1443 
weight, then rounded to the closest 0.5.  1444 

 1445 

The Panel notes that the calculated values from the scaling approach are within the range of observed 1446 

intakes in infants and children in the EU (Section 3.2). 1447 

6.3. Pregnancy 1448 

Some studies have investigated cobalamin status of infants at birth in relation to maternal cobalamin 1449 

status during pregnancy. Lower maternal cobalamin or holoTC concentrations were associated with 1450 

lower cobalamin and higher MMA and tHcy concentrations in infants at birth (Bjorke Monsen et al., 1451 

2001; Hay et al., 2010). Although cobalamin intakes were not reported in these studies, they point to 1452 

the importance of maintaining cobalamin status in pregnancy. 1453 

As no new data on the cobalamin requirement during pregnancy could be retrieved, in this opinion 1454 

estimations of the extra requirement for pregnancy will rely on data indicating a fetal cobalamin 1455 

deposition of 0.1–0.2 μg/day (Section 5.1.3). 1456 

Based on these data the Panel proposes an additional 0.5 μg/day to the AI for non-pregnant women in 1457 

consideration of a fetal accumulation of 0.2 μg cobalamin/day and of 40 % absorption efficiency 1458 

(Section 2.3.1). The Panel sets an AI for cobalamin for pregnant women of 4.5 μg/day. 1459 

6.4. Lactation 1460 

For lactating women, an additional intake of cobalamin is necessary to balance cobalamin losses with 1461 

breast milk. There is a wide range in cobalamin concentrations reported in breast milk, partly because 1462 

of the differences in the methods of analysis and partly because of differences in maternal cobalamin 1463 

intake and status (Section 2.3.6.2). A mean breast milk concentration of cobalamin of 0.38 nmol/L 1464 

(0.51 μg/L) was observed in 10 studies in unsupplemented women from Western countries. Recent 1465 

data based on a more accurate analytical method report a mean concentration of 0.57 nmol/L 1466 

(0.8 μg/L) in a group of Californian women and 0.29–0.76 nmol/L (0.4–1.0 μg/L), depending on the 1467 

lactation stage, in a group of Danish women. 1468 

The Panel notes the limitations and uncertainties inherent in the available data (Section 2.3.6.2).  The 1469 

Panel decides to assume a cobalamin concentration of 0.5 μg/L as representing the mean cobalamin 1470 

concentration of breast milk in healthy women and a mean milk transfer of 0.8 L/day (Butte et al., 1471 
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2002; FAO/WHO/UNU, 2004; EFSA NDA Panel, 2009) during the first six months of lactation in 1472 

exclusively breastfeeding women. From this, an average quantity of 0.4 μg/day of cobalamin is 1473 

estimated to be secreted with breast milk. Taking into account 40 % absorption efficiency (Section 1474 

2.3.1), a mean cobalamin intake of 1.0 μg/day is required to balance cobalamin secretion in milk for 1475 

exclusively breastfeeding women during the first six months of lactation, in addition to the AI for non-1476 

lactating women. The Panel sets an AI for cobalamin for lactating women of 5 μg/day. 1477 

CONCLUSIONS 1478 

The Panel concludes that there is insufficient evidence to derive an AR and a PRI for cobalamin. The 1479 

Panel sets an AI of 4 µg/day for adults because there is consistent evidence from observational and 1480 

intervention studies that a cobalamin intake of 4 µg/day and above is associated with serum 1481 

concentrations of holoTC and cobalamin within the reference ranges derived from healthy subjects, 1482 

together with MMA and tHcy concentrations below proposed cut-off values in adults, which indicates 1483 

an adequate cobalamin status, and in consideration of observed mean cobalamin intakes, which range 1484 

between 4.2 and 8.6 μg/day in adults, in several EU countries. The estimated amount of cobalamin 1485 

deposited in the fetus over the course of pregnancy was used as a basis to increase the AI for pregnant 1486 

women. For lactating women, an increase in the AI was estimated based on the estimated amount of 1487 

cobalamin secreted in breast milk. In infants over six months of age and children, AIs were proposed 1488 

based on extrapolation from the adult AI using allometric scaling and body weights of the age groups 1489 

and application of a growth factor. 1490 

Table 7:  Summary of Adequate Intakes for cobalamin 1491 

Age AI (µg/day) 

7–11 months 1.5 

1–3 years 1.5 

4–6 years 1.5 

7–10 years 2.5 

11–14 years 3.5 

15–17 years 4 

> 18 years 4 

Pregnancy 4.5 

Lactation 5 

 1492 

RECOMMENDATIONS FOR RESEARCH 1493 

The Panel recommends:  1494 

 To pursue studies on cobalamin biomarkers as a function of habitual intake in infants, children and 1495 

adults, including during pregnancy and lactation. 1496 

 To further investigate the relationships between cobalamin intake, cobalamin biomarkers and 1497 

health outcomes. 1498 

 To further characterise the bioavailability of cobalamin from various foods and dietary intake 1499 

pattern in relation to age and physiological states (e.g. pregnancy, lactation). 1500 

1501 



Dietary Reference Values for cobalamin 

 

EFSA Journal 20YY;volume(issue):NNNN 37 

REFERENCES 1502 

Abdulla M, Andersson I, Asp NG, Berthelsen K, Birkhed D, Dencker I, Johansson CG, Jagerstad M, 1503 

Kolar K, Nair BM, Nilsson-Ehle P, Norden A, Rassner S, Akesson B and Ockerman PA, 1981. 1504 

Nutrient intake and health status of vegans. Chemical analyses of diets using the duplicate portion 1505 

sampling technique. American Journal of Clinical Nutrition, 34, 2464-2477. 1506 

Adams JF, 1962. The measurement of the total assayable vitamin B12 in the body. In: Vitamin B12 1507 

und Intrinsic Faktor. Ed Heinrich HC. Ferdinand Enke, Stuttgart, Germany, 397-403. 1508 

Adams JF and Boddy K, 1968. Metabolic equilibrium of tracer and natural vitamin B12. The Journal 1509 

of Laboratory and Clinical Medicine, 72, 392-396. 1510 

Adams JF, 1970. Correlation of serum and urine vitamin B12. British Medical Journal, 1, 138-139. 1511 

Adams JF, Ross SK, Mervyn L, Boddy K and King P, 1971. Absorption of cyanocobalamin, 1512 

coenzyme B 12, methylcobalamin, and hydroxocobalamin at different dose levels. Scandinavian 1513 

Journal of Gastroenterology, 6, 249-252. 1514 

Adams JF, Boddy K and Douglas AS, 1972. Interrelation of serum vitamin B12, total body vitamin 1515 

B12, peripheral blood morphology and the nature of erythropoiesis. British Journal of 1516 

Haematology, 23, 297-305. 1517 

Afssa (Agence Française de Sécurité Sanitaire des Aliments), 2001. Apports nutritionnels conseillés 1518 

pour la population française. Editions Tec&Doc, Paris, France, 605 pp. 1519 

Afssa (Agence française de sécurité sanitaire des aliments), 2009. Étude Individuelle Nationale des 1520 

Consommations Alimentaires 2 (INCA 2) 2006-2007 (version 2). Maisons-Alfort, France, 225 pp. 1521 

Allen LH, 1994. Vitamin B12 metabolism and status during pregnancy, lactation and infancy. 1522 

Advances in Experimental Medicine and Biology, 352, 173-186. 1523 

Allen LH, 2012. B vitamins in breast milk: relative importance of maternal status and intake, and 1524 

effects on infant status and function. Advances in Nutrition, 3, 362-369. 1525 

Allen RH, Stabler SP, Savage DG and Lindenbaum J, 1990. Diagnosis of cobalamin deficiency I: 1526 

usefulness of serum methylmalonic acid and total homocysteine concentrations. American Journal 1527 

of Hematology, 34, 90-98. 1528 

Allen RH, Stabler SP, Savage DG and Lindenbaum J, 1993. Metabolic abnormalities in cobalamin 1529 

(vitamin B12) and folate deficiency. FASEB Journal, 7, 1344-1353. 1530 

Allen RH and Stabler SP, 2008. Identification and quantitation of cobalamin and cobalamin analogues 1531 

in human feces. American Journal of Clinical Nutrition, 87, 1324-1335. 1532 

Alpers DH, Russell-Jones, G.I., 1999. Intrinsic factor, haptocorrin and their receptors. In: Chemistry 1533 

and Biochemistry of B12. Ed Ranerjee R. John Wiley & Sons, Inc, New York, USA, 411-440. 1534 

Amcoff E, Edberg A, Enghardt Barbieri H, Lindroos A-K, Nälsén C, Pearson M and Warensjö 1535 

Lemming E, 2012. [Riksmaten – vuxna 2010–11. Livsmedels- och näringsintag bland vuxna i 1536 

Sverige. Resultat från matvaneundersökning utförd 2010–11]. Livsmedelsverket, Uppsala, Sverige, 1537 

180 pp. 1538 

Amin S, Spinks T, Ranicar A, Short MD and Hoffbrand AV, 1980. Long-term clearance of 1539 

[57Co]cyanocobalamin in vegans and pernicious anaemia. Clinical Science, 58, 101-103. 1540 

Anderson B, 1965. Investigations into the Euglena method of assay of vitamin B12: the results 1541 

obtained in human serum and liver using an improved method of assay. Ph.D. Thesis, University of 1542 

London. 1543 

Andres E, Noel E and Abdelghani MB, 2003. Vitamin B(12) deficiency associated with chronic acid 1544 

suppression therapy. Annals of Pharmacotherapy, 37, 1730. 1545 



Dietary Reference Values for cobalamin 

 

EFSA Journal 20YY;volume(issue):NNNN 38 

Andres E, Loukili NH, Noel E, Kaltenbach G, Abdelgheni MB, Perrin AE, Noblet-Dick M, Maloisel 1546 

F, Schlienger JL and Blickle JF, 2004. Vitamin B12 (cobalamin) deficiency in elderly patients. 1547 

Canadian Medical Association Journal, 171, 251-259. 1548 

Andres E, Affenberger S, Vinzio S, Kurtz JE, Noel E, Kaltenbach G, Maloisel F, Schlienger JL and 1549 

Blickle JF, 2005. Food-cobalamin malabsorption in elderly patients: clinical manifestations and 1550 

treatment. American Journal of Medicine, 118, 1154-1159. 1551 

Andres E, Serraj K, Zhu J and Vermorken AJ, 2013. The pathophysiology of elevated vitamin B12 in 1552 

clinical practice. Quarterly Journal of Medicine, 106, 505-515. 1553 

Armstrong BK, Davis RE, Nicol DJ, van Merwyk AJ and Larwood CJ, 1974. Hematological, vitamin 1554 

B 12, and folate studies on Seventh-day Adventist vegetarians. American Journal of Clinical 1555 

Nutrition, 27, 712-718. 1556 

Ashwell G and Morell A, 1974. The dual role of sialic acid in the hepatic recognition and catabolism 1557 

of serum glycoproteins. Biochemical Society Symposia, 117-124. 1558 

Bailey RL, Durazo-Arvizu RA, Carmel R, Green R, Pfeiffer CM, Sempos CT, Carriquiry A and 1559 

Yetley EA, 2013. Modeling a methylmalonic acid-derived change point for serum vitamin B-12 for 1560 

adults in NHANES. American Journal of Clinical Nutrition, 98, 460-467. 1561 

Baker SJ, Jacob E, Rajan KT and Swaminathan SP, 1962. Vitamin-B12 deficiency in pregnancy and 1562 

the puerperium. British Medical Journal, 1, 1658-1661. 1563 

Baker SJ and Mathan VI, 1981. Evidence regarding the minimal daily requirement of dietary vitamin 1564 

B12. American Journal of Clinical Nutrition, 34, 2423-2433. 1565 

Bates B, Lennox A, Prentice A, Bates CJ and Swan G, 2012. Headline results from Years 1,2 and 3 1566 

(combined) of the Rolling Programme (2008/2009-2010/11) Department of Health and Food 1567 

Standards Agency. UK, 79 pp. 1568 

Bates C and Prentice A, 1988. Vitamins, minerals and essential elements. In: Drugs and Human 1569 

Lactation. Elsevier, Amsterdam, 433-493. 1570 

Bates CJ, Thurnham DI, Bingham SA, Margetts BM and Nelson M, 1997. Biochemical markers of 1571 

nutrient intake. In: Design Concepts in Nutritional Epidemiology, 2nd ed. Eds Margetts BM and 1572 

Nelson M. Oxford University Press, Oxford, UK, 170-241. 1573 

Bauman WA, Shaw S, Jayatilleke E, Spungen AM and Herbert V, 2000. Increased intake of calcium 1574 

reverses vitamin B12 malabsorption induced by metformin. Diabetes Care, 23, 1227-1231. 1575 

Beedholm-Ebsen R, van de Wetering K, Hardlei T, Nexø E, Borst P and Moestrup SK, 2010. 1576 

Identification of multidrug resistance protein 1 (MRP1/ABCC1) as a molecular gate for cellular 1577 

export of cobalamin. Blood, 115, 1632-1639. 1578 

Bergström L, 1994. Nutrient losses and gains in the preparation of foods. Livsmedelsverket, Rapport 1579 

32/94, 223 pp. 1580 

Berlin H, Berlin R and Brante G, 1968. Oral treatment of pernicious anemia with high doses of 1581 

vitamin B12 without intrinsic factor. Acta Medica Scandinavica, 184, 247-258. 1582 

Bessent R, Watson W, MacDonald C and Adams J, 1980. Application of the occupancy principle in 1583 

studies of the metabolism of vitamin B12 in man. Clinical Science, 58, 169-171. 1584 

Birn H, 2006. The kidney in vitamin B12 and folate homeostasis: characterization of receptors for 1585 

tubular uptake of vitamins and carrier proteins. American journal of physiology. Renal Physiology, 1586 

291, F22-36. 1587 

Bizzaro N and Antico A, 2014. Diagnosis and classification of pernicious anemia. Autoimmunity 1588 

Reviews, 13, 565-568. 1589 

Bjorke-Monsen AL and Ueland PM, 2011. Cobalamin status in children. Journal of Inherited 1590 

Metabolic Disease, 34, 111-119. 1591 



Dietary Reference Values for cobalamin 

 

EFSA Journal 20YY;volume(issue):NNNN 39 

Bjorke Monsen AL, Ueland PM, Vollset SE, Guttormsen AB, Markestad T, Solheim E and Refsum H, 1592 

2001. Determinants of cobalamin status in newborns. Pediatrics, 108, 624-630. 1593 

Bjorke Monsen AL and Ueland PM, 2003. Homocysteine and methylmalonic acid in diagnosis and 1594 

risk assessment from infancy to adolescence. American Journal of Clinical Nutrition, 78, 7-21. 1595 

Blacher J, Czernichow S, Raphael M, Roussel C, Chadefaux-Vekemans B, Morineau G, Giraudier S, 1596 

Tibi A, Henry O, Vayssiere M, Oudjhani M, Nadai S, Vincent JP, Bodak A, Di Menza C, Menard 1597 

J, Zittoun J and Ducimetiere P, 2007. Very low oral doses of vitamin B-12 increase serum 1598 

concentrations in elderly subjects with food-bound vitamin B-12 malabsorption. Journal of 1599 

Nutrition, 137, 373-378. 1600 

Boddy K and Adams JF, 1968. Excretion of cobalamins and coenzyme B 12 following massive 1601 

parenteral doses. American Journal of Clinical Nutrition, 21, 657-664. 1602 

Boddy K and Adams JF, 1972. The long-term relationship between serum vitamin B12 and total body 1603 

vitamin B12. American Journal of Clinical Nutrition, 25, 395-400. 1604 

Booth MA and Spray GH, 1960. Vitamin B12 activity in serum and liver of rats after total 1605 

gastrectomy. British Journal of Haematology, 6, 288-295. 1606 

Bor MV, Lydeking-Olsen E, Møller J and Nexø E, 2006. A daily intake of approximately 6 microg 1607 

vitamin B-12 appears to saturate all the vitamin B-12-related variables in Danish postmenopausal 1608 

women. American Journal of Clinical Nutrition, 83, 52-58. 1609 

Bor MV, von Castel-Roberts KM, Kauwell GP, Stabler SP, Allen RH, Maneval DR, Bailey LB and 1610 

Nexø E, 2010. Daily intake of 4 to 7 microg dietary vitamin B-12 is associated with steady 1611 

concentrations of vitamin B-12-related biomarkers in a healthy young population. American 1612 

Journal of Clinical Nutrition, 91, 571-577. 1613 

Bozian RC, Ferguson JL, Heyssel RM, Meneely GR and Darby WJ, 1963. Evidence concerning the 1614 

human requirement for vitamin B12. Use of the whole body counter for determination of 1615 

absorption of vitamin B12. American Journal of Clinical Nutrition, 12, 117-129. 1616 

Brady J, Wilson L, McGregor L, Valente E and Orning L, 2008. Active B12: a rapid, automated assay 1617 

for holotranscobalamin on the Abbott AxSYM analyzer. Clinical Chemistry, 54, 567-573. 1618 

Butte NF, Lopez-Alarcon MG and Garza C, 2002. Nutrient adequacy of exclusive breastfeeding for 1619 

the term infant during the first six months of life. World Health Organization, 57 pp. 1620 

Carmel R, 1997. Cobalamin, the stomach, and aging. American Journal of Clinical Nutrition, 66, 750-1621 

759. 1622 

Carmel R, Green R, Jacobsen DW, Rasmussen K, Florea M and Azen C, 1999. Serum cobalamin, 1623 

homocysteine, and methylmalonic acid concentrations in a multiethnic elderly population: ethnic 1624 

and sex differences in cobalamin and metabolite abnormalities. American Journal of Clinical 1625 

Nutrition, 70, 904-910. 1626 

Carmel R, Brar S, Agrawal A and Penha PD, 2000. Failure of assay to identify low cobalamin 1627 

concentrations. Clinical Chemistry, 46, 2017-2018. 1628 

Carmel R, Vasireddy H, Aurangzeb I and George K, 2001. High serum cobalamin levels in the clinical 1629 

setting--clinical associations and holo-transcobalamin changes. Clinical and Laboratory 1630 

Haematology, 23, 365-371. 1631 

Carmel R, Melnyk S and James SJ, 2003. Cobalamin deficiency with and without neurologic 1632 

abnormalities: differences in homocysteine and methionine metabolism. Blood, 101, 3302-3308. 1633 

Carmel R and Sarrai M, 2006. Diagnosis and management of clinical and subclinical cobalamin 1634 

deficiency: advances and controversies. Current Hematology Reports, 5, 23-33. 1635 

Carmel R, 2008. Nutritional anemias and the elderly. Seminars in Hematology, 45, 225-234. 1636 



Dietary Reference Values for cobalamin 

 

EFSA Journal 20YY;volume(issue):NNNN 40 

Carmel R, 2009. Megaloblastic anemias: disorders of impaired DNA synthesis. In: Wintrobe´s 1637 

Clinical Hematology. 12th ed. Ed Greer JP FJ, Rodgers GM et al, eds. Lippincott Williams & 1638 

Wilkins, Philadelphia, USA, 1143-1172. 1639 

Carmel R, 2011. Biomarkers of cobalamin (vitamin B-12) status in the epidemiologic setting: a critical 1640 

overview of context, applications, and performance characteristics of cobalamin, methylmalonic 1641 

acid, and holotranscobalamin II. American Journal of Clinical Nutrition, 94, 348S-358S. 1642 

Castle WB, 1998. Vitamin B12. In: The vitamins: fundamental aspects in nutrition and health. Ed 1643 

Combs GF. Academic Press, San Diego, USA, 403-420. 1644 

Chanarin I, 1969. The megaloblastic anaemias. Blackwell Scientific Publications, Oxford, UK, 1645 

1000 pp. 1646 

Chanarin I, 1990. The megaloblastic anaemias. 3rd edition. Blackwell Scientific Publications, 1647 

Chicago, USA, 209 pp. 1648 

Chery C, Barbe F, Lequere C, Abdelmouttaleb I, Gerard P, Barbarino P, Boutroy JL and Gueant JL, 1649 

2002. Hyperhomocysteinemia is related to a decreased blood level of vitamin B12 in the second 1650 

and third trimester of normal pregnancy. Clinical Chemistry and Laboratory Medicine, 40, 1105-1651 

1108. 1652 

Ciba-Geigy, 1977. Wissenschaftliche Tabellen Geigy, Teilband Körperflüssigkeiten. Ciba-Geigy, 1653 

Basel, 290 pp. 1654 

Clarke R, Sherliker P, Hin H, Nexø E, Hvas AM, Schneede J, Birks J, Ueland PM, Emmens K, Scott 1655 

JM, Molloy AM and Evans JG, 2007. Detection of vitamin B12 deficiency in older people by 1656 

measuring vitamin B12 or the active fraction of vitamin B12, holotranscobalamin. Clinical 1657 

Chemistry, 53, 963-970. 1658 

Cooper BA and Lowenstein L, 1966. Vitamin B-12-folate interrelationships in megaloblastic anaemia. 1659 

British Journal of Haematology, 12, 283-296. 1660 

Cui R, Iso H, Date C, Kikuchi S, Tamakoshi A and Japan Collaborative Cohort Study G, 2010. 1661 

Dietary folate and vitamin b6 and B12 intake in relation to mortality from cardiovascular diseases: 1662 

Japan collaborative cohort study. Stroke, 41, 1285-1289. 1663 

D-A-CH (Deutsche Gesellschaft für Ernährung - Österreichische Gesellschaft für Ernährung - 1664 

Schweizerische Gesellschaft für Ernährungsforschung - Schweizerische Vereinigung für 1665 

Ernährung), 2013. Referenzwerte für die Nährstoffzufuhr. Neuer Umschau Buchverlag, Neustadt 1666 

an der Weinstraße, Germany, 292 pp. 1667 

da Costa KA, Gaffney CE, Fischer LM and Zeisel SH, 2005. Choline deficiency in mice and humans 1668 

is associated with increased plasma homocysteine concentration after a methionine load. American 1669 

Journal of Clinical Nutrition, 81, 440-444. 1670 

Dai Z, Wang R, Ang LW, Yuan JM and Koh WP, 2013. Dietary B vitamin intake and risk of hip 1671 

fracture: the Singapore Chinese Health Study. Osteoporosis International, 24, 2049-2059. 1672 

Darby WJ, Bridgforth EB, Le Brocquy J, Clark SL, Jr., De Oliveira JD, Kevany J, Mc GW and Perez 1673 

C, 1958. Vitamin B12 requirement of adult man. American Journal of Medicine, 25, 726-732. 1674 

De Laet C, Wautrecht JC, Brasseur D, Dramaix M, Boeynaems JM, Decuyper J and Kahn A, 1999. 1675 

Plasma homocysteine concentration in a Belgian school-age population. American Journal of 1676 

Clinical Nutrition, 69, 968-972. 1677 

Deegan KL, Jones KM, Zuleta C, Ramirez-Zea M, Lildballe DL, Nexø E and Allen LH, 2012. Breast 1678 

milk vitamin B-12 concentrations in Guatemalan women are correlated with maternal but not infant 1679 

vitamin B-12 status at 12 months postpartum. Journal of Nutrition, 142, 112-116. 1680 

Devalia V, Hamilton MS, Molloy AM and British Committee for Standards in Haematology, 2014. 1681 

Guidelines for the diagnosis and treatment of cobalamin and folate disorders. British Journal of 1682 

Haematology, 166, 496-513. 1683 



Dietary Reference Values for cobalamin 

 

EFSA Journal 20YY;volume(issue):NNNN 41 

DH (Department of Health), 1991. Dietary reference values for food energy and nutrients for the 1684 

United Kingdom. Report of the Panel on Dietary Reference Values of the Committee on Medical 1685 

Aspects of Food Policy. HM Stationary Office, London, UK, 212 pp. 1686 

Doets EL, van Wijngaarden JP, Szczecinska A, Dullemeijer C, Souverein OW, Dhonukshe-Rutten 1687 

RA, Cavelaars AE, van 't Veer P, Brzozowska A and de Groot LC, 2013a. Vitamin B12 intake and 1688 

status and cognitive function in elderly people. Epidemiologic Reviews, 35, 2-21. 1689 

Doets EL, in ’t Veld PH, Szczecinska A, Dhonukshe-Rutten RAM, Cavelaars AEJM, van ’t Veer P, 1690 

Brzozowska A and de Groot LCPGM, 2013b. Systematic review on daily vitamin B12 losses and 1691 

bioavailability for deriving recommendations on vitamin B12 intake with the factorial approach. 1692 

Annals of Nutrition and Metabolism, 62, 311-322. 1693 

Doscherholmen A and Swaim WR, 1973. Impaired assimilation of egg Co 57 vitamin B 12 in patients 1694 

with hypochlorhydria and achlorhydria and after gastric resection. Gastroenterology, 64, 913-919. 1695 

Doscherholmen A, McMahon J and Ripley D, 1975. Vitamin B12 absorption from eggs. Proceedings 1696 

of The Society for Experimental Biology and Medicine, 149, 987-990. 1697 

Doscherholmen A, McMahon J and Ripley D, 1976. Inhibitory effect of eggs on vitamin B12 1698 

absorption: description of a simple ovalbumin 57Co-vitamin B12 absorption test. British Journal of 1699 

Haematology, 33, 261-272. 1700 

Doscherholmen A, McMahon J and Ripley D, 1978. Vitamin B12 assimilation from chicken meat. 1701 

American Journal of Clinical Nutrition, 31, 825-830. 1702 

Doscherholmen A, McMahon J and Economon P, 1981. Vitamin B12 absorption from fish. 1703 

Proceedings of The Society for Experimental Biology and Medicine, 167, 480-484. 1704 

Dror DK and Allen LH, 2008. Effect of vitamin B12 deficiency on neurodevelopment in infants: 1705 

current knowledge and possible mechanisms. Nutrition Reviews, 66, 250-255. 1706 

Duggan C, Srinivasan K, Thomas T, Samuel T, Rajendran R, Muthayya S, Finkelstein JL, Lukose A, 1707 

Fawzi W, Allen LH, Bosch RJ and Kurpad AV, 2014. Vitamin B-12 supplementation during 1708 

pregnancy and early lactation increases maternal, breast milk, and infant measures of vitamin B-12 1709 

status. Journal of Nutrition, 144, 758-764. 1710 

Dullemeijer C, Souverein OW, Doets EL, van der Voet H, van Wijngaarden JP, de Boer WJ, Plada M, 1711 

Dhonukshe-Rutten RA, In 't Veld PH, Cavelaars AE, de Groot LC and van 't Veer P, 2013. 1712 

Systematic review with dose-response meta-analyses between vitamin B-12 intake and European 1713 

Micronutrient Recommendations Aligned's prioritized biomarkers of vitamin B-12 including 1714 

randomized controlled trials and observational studies in adults and elderly persons. American 1715 

Journal of Clinical Nutrition, 97, 390-402. 1716 

EFSA (European Food Safety Authority), 2011a. Report on the development of a food classification 1717 

and description system for exposure assessment and guidance on its implementation and use. EFSA 1718 

Journal 2011;9(12):2489, 84 pp. doi:10.2903/j.efsa.2011.2489 1719 

EFSA (European Food Safety Authority), 2011b. Use of the EFSA Comprehensive European Food 1720 

Consumption Database in exposure assessment. EFSA Journal 2011;9(3):2097, 34 pp. 1721 

doi:10.2903/j.efsa.2011.2097  1722 

EFSA NDA Panel (EFSA Panel on Dietetic Products, Nutrition and Allergies), 2009. Scientific 1723 

Opinion on the appropriate age for introduction of complementary feeding of infants. EFSA 1724 

Journal 2009;7(12):1423, 38 pp. doi:10.2903/j.efsa.2009.1423 1725 

EFSA NDA Panel (EFSA Panel on Dietetic Products, Nutrition and Allergies), 2012. Scientific 1726 

Opinion on Dietary Reference Values for protein. EFSA Journal 2012;10(2):2557, 66 pp. 1727 

doi:10.2903/j.efsa.2012.2557  1728 

EFSA NDA Panel (EFSA Panel on Dietetic Products, Nutrition and Allergies), 2013. Scientific 1729 

Opinion on Dietary Reference Values for energy. EFSA Journal 2013;11(1):3005, 112 pp. 1730 

doi:10.2903/j.efsa.2013.3005  1731 



Dietary Reference Values for cobalamin 

 

EFSA Journal 20YY;volume(issue):NNNN 42 

EFSA NDA Panel (EFSA Panel on Dietetic Products, Nutrition and Allergies), 2014a. Scientific 1732 

Opinion on Dietary Reference Values for selenium. EFSA Journal 2014;12(10):3846, 66 pp. 1733 

doi:10.2903/j.efsa.2014.3846  1734 

EFSA NDA Panel (EFSA Panel on Dietetic Products, Nutrition and Allergies), 2014b. Scientific 1735 

Opinion on Dietary Reference Values for folate. EFSA Journal 2014;12(11):3893, 59 pp. 1736 

doi:10.2903/j.efsa.2014.3893  1737 

el Kholty S, Gueant JL, Bressler L, Djalali M, Boissel P, Gerard P and Nicolas JP, 1991. Portal and 1738 

biliary phases of enterohepatic circulation of corrinoids in humans. Gastroenterology, 101, 1399-1739 

1408. 1740 

Erdogan E, Nelson GJ, Rockwood AL and Frank EL, 2010. Evaluation of reference intervals for 1741 

methylmalonic acid in plasma/serum and urine. Clinica Chimica Acta, 411, 1827-1829. 1742 

Ermens AA, Vlasveld LT and Lindemans J, 2003. Significance of elevated cobalamin (vitamin B12) 1743 

levels in blood. Clinical Biochemistry, 36, 585-590. 1744 

FAO/WHO/UNU (Food and Agriculture Organization of the United Nations/World Health 1745 

Organization/United Nations University), 2004. Human energy requirements. Report of a Joint 1746 

FAO/WHO/UNU Expert Consultation: Rome 17-24 October 2001. FAO Food and Nutrition 1747 

Technical Report Series, 103 pp. 1748 

Fedosov SN, 2010. Metabolic signs of vitamin B(12) deficiency in humans: computational model and 1749 

its implications for diagnostics. Metabolism, 59, 1124-1138. 1750 

Fernandes-Costa F, van Tonder S and Metz J, 1985. A sex difference in serum cobalamin and 1751 

transcobalamin levels. American Journal of Clinical Nutrition, 41, 784-786. 1752 

Finkler AE and Hall CA, 1967. Nature of the relationship between vitamin B12 binding and cell 1753 

uptake. Archives of Biochemistry and Biophysics, 120, 79-85. 1754 

Froese DS and Gravel RA, 2010. Genetic disorders of vitamin B(1)(2) metabolism: eight 1755 

complementation groups--eight genes. Expert Reviews in Molecular Medicine, 12, e37. 1756 

Fukuwatari T, Sugimoto E, Tsuji T, Hirose J, Fukui T and Shibata K, 2009. Urinary excretion of 1757 

vitamin B12 depends on urine volume in Japanese female university students and elderly. Nutrition 1758 

Research, 29, 839-845. 1759 

Gherasim C, Lofgren M and Banerjee R, 2013. Navigating the B(12) road: assimilation, delivery, and 1760 

disorders of cobalamin. Journal of Biological Chemistry, 288, 13186-13193. 1761 

Gibson RS, 2005. Assessment of folate and cobalamin status. In: Principles of Nutritional Assessment. 1762 

Ed Gibson RS. Oxford University Press, New York, USA, 595-631. 1763 

Glass GB, Boyd LJ and Stephanson L, 1954. Intestinal absorption of vitamin B12 in man. Science, 1764 

120, 74-75. 1765 

Gonzalez-Gross M, Benser J, Breidenassel C, Albers U, Huybrechts I, Valtuena J, Spinneker A, 1766 

Segoviano M, Widhalm K, Molnar D, Moreno LA, Stehle P, Pietrzik K and group HS, 2012. 1767 

Gender and age influence blood folate, vitamin B12, vitamin B6, and homocysteine levels in 1768 

European adolescents: the Helena Study. Nutrition Research, 32, 817-826. 1769 

Grasbeck R, Nyberg W and Reizenstein P, 1958. Biliary and fecal vit. B12 excretion in man: an 1770 

isotope study. Proceedings of the Society for Experimental Biology and Medicine, 97, 780-784. 1771 

Grasbeck R and Salonen EM, 1976. Vitamin B12. Progress in Food and Nutrition Science, 2, 193-231. 1772 

Grasbeck R, 1984. Biochemistry and clinical chemistry of vitamin B12 transport and the related 1773 

diseases. Clinical Biochemistry, 17, 99-107. 1774 

Green R, 2008. Indicators for assessing folate and vitamin B12 status and for monitoring the efficacy 1775 

of intervention strategies. Food and Nutrition Bulletin, 29, S52-63; discussion S64-56. 1776 



Dietary Reference Values for cobalamin 

 

EFSA Journal 20YY;volume(issue):NNNN 43 

Green R, 2011. Indicators for assessing folate and vitamin B-12 status and for monitoring the efficacy 1777 

of intervention strategies. American Journal of Clinical Nutrition, 94, 666S-672S. 1778 

Green R, 2012. Cobalamins. In: Encyclopedia of Human Nutrition, 3rd edition. Eds Allen LH and 1779 

Prentice A. Academic Press, Amsterdam, The Netherlands, 401-406. 1780 

Gregory J, Foster K, Tyler H and Wiseman M, 1990. The Dietary and Nutritional Survey of British 1781 

Adults. HMSO, London, UK. 1782 

Greibe E, Andreasen BH, Lildballe DL, Mørkbak AL, Hvas AM and Nexø E, 2011. Uptake of 1783 

cobalamin and markers of cobalamin status: a longitudinal study of healthy pregnant women. 1784 

Clinical Chemistry and Laboratory Medicine, 49, 1877-1882. 1785 

Greibe E, Lildballe DL, Streym S, Vestergaard P, Rejnmark L, Mosekilde L and Nexø E, 2013. 1786 

Cobalamin and haptocorrin in human milk and cobalamin-related variables in mother and child: a 1787 

9-mo longitudinal study. American Journal of Clinical Nutrition, 98, 389-395. 1788 

Hall CA and Finkler AE, 1963. A second vitamin B12-binding substance in human plasma. 1789 

Biochimica et Biophysica Acta: Protein Structure and Molecular Enzymology, 78, 234-236. 1790 

Hardlei TF and Nexø E, 2009. A new principle for measurement of cobalamin and corrinoids, used for 1791 

studies of cobalamin analogs on serum haptocorrin. Clinical Chemistry, 55, 1002-1010. 1792 

Hay G, Johnston C, Whitelaw A, Trygg K and Refsum H, 2008. Folate and cobalamin status in 1793 

relation to breastfeeding and weaning in healthy infants. American Journal of Clinical Nutrition, 1794 

88, 105-114. 1795 

Hay G, Clausen T, Whitelaw A, Trygg K, Johnston C, Henriksen T and Refsum H, 2010. Maternal 1796 

folate and cobalamin status predicts vitamin status in newborns and 6-month-old infants. Journal of 1797 

Nutrition, 140, 557-564. 1798 

Hay G, Trygg K, Whitelaw A, Johnston C and Refsum H, 2011. Folate and cobalamin status in 1799 

relation to diet in healthy 2-y-old children. American Journal of Clinical Nutrition, 93, 727-735. 1800 

He K, Merchant A, Rimm EB, Rosner BA, Stampfer MJ, Willett WC and Ascherio A, 2004. Folate, 1801 

vitamin B6, and B12 intakes in relation to risk of stroke among men. Stroke, 35, 169-174. 1802 

Heil SG, de Jonge R, de Rotte MC, van Wijnen M, Heiner-Fokkema RM, Kobold AC, Pekelharing 1803 

JM, Adriaansen HJ, Sanders E, Trienekens PH, Rammeloo T and Lindemans J, 2012. Screening for 1804 

metabolic vitamin B12 deficiency by holotranscobalamin in patients suspected of vitamin B12 1805 

deficiency: a multicentre study. Annals of Clinical Biochemistry, 49, 184-189. 1806 

Heinrich HC, 1964. Metabolic basis of the diagnosis and therapy of vitamin B12 deficiency. Seminars 1807 

in Hematology, 1, 199-249. 1808 

Helldán A, Raulio S, Kosola M, Tapanainen H, Ovaskainen ML and Virtanen S, 2013. Finravinto 1809 

2012 -tutkimus - The National FINDIET 2012 Survey. THL. Raportti 16/2013. Helsinki, Finland, 1810 

217 pp. 1811 

Herbert V, 1962. Experimental nutritional folate deficiency in man. Transactions of the Association of 1812 

American Physicians, 75, 307-320. 1813 

Herbert V, 1987. Recommended dietary intakes (RDI) of vitamin B-12 in humans. American Journal 1814 

of Clinical Nutrition, 45, 671-678. 1815 

Herbert V, 1988. Vitamin B-12: plant sources, requirements, and assay. American Journal of Clinical 1816 

Nutrition, 48, 852-858. 1817 

Herbert V, Fong W, Gulle V and Stopler T, 1990. Low holotranscobalamin II is the earliest serum 1818 

marker for subnormal vitamin B12 (cobalamin) absorption in patients with AIDS. American 1819 

Journal of Hematology, 34, 132-139. 1820 

Herbert V, 1994. Staging vitamin B-12 (cobalamin) status in vegetarians. American Journal of Clinical 1821 

Nutrition, 59, 1213S-1222S. 1822 



Dietary Reference Values for cobalamin 

 

EFSA Journal 20YY;volume(issue):NNNN 44 

Herzlich B and Herbert V, 1988. Depletion of serum holotranscobalamin II. An early sign of negative 1823 

vitamin B12 balance. Laboratory Investigation, 58, 332-337. 1824 

Heyssel RM, Bozian RC, Darby WJ and Bell MC, 1966. Vitamin B12 turnover in man. The 1825 

assimilation of vitamin B12 from natural foodstuff by man and estimates of minimal daily dietary 1826 

requirements. American Journal of Clinical Nutrition, 18, 176-184. 1827 

Hogeveen M, van Beynum I, van Rooij A, Kluijtmans L, den Heijer M and Blom H, 2008. 1828 

Methylmalonic acid values in healthy Dutch children. European Journal of Nutrition, 47, 26-31. 1829 

Hom BL and Olesen HA, 1969. Plasma clearance of 57cobalt-labelled vitamin B12 bound in vitro and 1830 

in vivo to transcobalamin I and II. Scandinavian Journal of Clinical and Laboratory Investigation, 1831 

23, 201-211. 1832 

Hoppu U, Lehtisalo J, Tapanainen H and Pietinen P, 2010. Dietary habits and nutrient intake of 1833 

Finnish adolescents. Public Health Nutrition, 13, 965-972. 1834 

Howden CW, 2000. Vitamin B12 levels during prolonged treatment with proton pump inhibitors. 1835 

Journal of Clinical Gastroenterology, 30, 29-33. 1836 

Hure AJ, Collins CE and Smith R, 2012. A longitudinal study of maternal folate and vitamin B12 1837 

status in pregnancy and postpartum, with the same infant markers at 6 months of age. Maternal and 1838 

Child Health Journal, 16, 792-801. 1839 

Hvas AM and Nexø E, 2005. Holotranscobalamin--a first choice assay for diagnosing early vitamin B 1840 

deficiency? Journal of Internal Medicine, 257, 289-298. 1841 

Hvas AM and Nexø E, 2006. Diagnosis and treatment of vitamin B12 deficiency--an update. 1842 

Haematologica, 91, 1506-1512. 1843 

Iglesia I, Dhonukshe-Rutten RA, Bel-Serrat S, Doets EL, Cavelaars AE, van 't Veer P, Nissenshohn 1844 

M, Benetou V, Hermoso M, Berti C, de Groot LC and Moreno LA, 2013. Association between 1845 

vitamin B12 intake and EURRECA's prioritized biomarkers of vitamin B12 in young populations: 1846 

a systematic review. Public Health Nutrition, 16, 1843-1860. 1847 

IOM (Institute of Medicine), 1998. Dietary Reference Intakes for thiamin, riboflavin, niacin, vitamin 1848 

B6, folate, vitamin B12, pantothenic acid, biotin, and choline. National Academies Press, 1849 

Washington D. C., USA, 591 pp. 1850 

IUNA (Irish Universities Nutrition Alliance), 2011. National Adult Nutrition Survey. 40 pp. 1851 

Jadhav M, Webb JK, Vaishnava S and Baker SJ, 1962. Vitamin B12 deficiency in Indian infants. A 1852 

clinical syndrome. Lancet, 2, 903-907. 1853 

Jathar VS, Inamdar-Deshmukh AB, Rege DV and Satoskar RS, 1975. Vitamin B12 and vegetarianism 1854 

in india. Acta Haematologica, 53, 90-97. 1855 

Jiang W, Sequeira JM, Nakayama Y, Lai SC and Quadros EV, 2010. Characterization of the promoter 1856 

region of TCblR/CD320 gene, the receptor for cellular uptake of transcobalamin-bound cobalamin. 1857 

Gene, 466, 49-55. 1858 

Johnson MA, Hawthorne NA, Brackett WR, Fischer JG, Gunter EW, Allen RH and Stabler SP, 2003. 1859 

Hyperhomocysteinemia and vitamin B-12 deficiency in elderly using Title IIIc nutrition services. 1860 

American Journal of Clinical Nutrition, 77, 211-220. 1861 

Kato N, Narita Y and Kamohara S, 1959. Liver vitamin B 12 levels in chronic liver diseases. Journal 1862 

of Vitaminology, 5, 134-140. 1863 

Kauwell GP, Lippert BL, Wilsky CE, Herrlinger-Garcia K, Hutson AD, Theriaque DW, Rampersaud 1864 

GC, Cerda JJ and Bailey LB, 2000. Folate status of elderly women following moderate folate 1865 

depletion responds only to a higher folate intake. Journal of Nutrition, 130, 1584-1590. 1866 



Dietary Reference Values for cobalamin 

 

EFSA Journal 20YY;volume(issue):NNNN 45 

Kerr MA, Livingstone B, Bates CJ, Bradbury I, Scott JM, Ward M, Pentieva K, Mansoor MA and 1867 

McNulty H, 2009. Folate, related B vitamins, and homocysteine in childhood and adolescence: 1868 

potential implications for disease risk in later life. Pediatrics, 123, 627-635. 1869 

Kittang E, Hamborg B and Schjonsby H, 1985. Absorption of food cobalamins assessed by the 1870 

double-isotope method in healthy volunteers and in patients with chronic diarrhoea. Scandinavian 1871 

Journal of Gastroenterology, 20, 500-507. 1872 

Klee GG, 2000. Cobalamin and folate evaluation: measurement of methylmalonic acid and 1873 

homocysteine vs vitamin B(12) and folate. Clinical Chemistry, 46, 1277-1283. 1874 

Koebnick C, Heins UA, Dagnelie PC, Wickramasinghe SN, Ratnayaka ID, Hothorn T, Pfahlberg AB, 1875 

Hoffmann I, Lindemans J and Leitzmann C, 2002. Longitudinal concentrations of vitamin B(12) 1876 

and vitamin B(12)-binding proteins during uncomplicated pregnancy. Clinical Chemistry, 48, 928-1877 

933. 1878 

Kolhouse JF, Kondo H, Allen NC, Podell E and Allen RH, 1978. Cobalamin analogues are present in 1879 

human plasma and can mask cobalamin deficiency because current radioisotope dilution assays are 1880 

not specific for true cobalamin. The New England Journal of Medicine, 299, 785-792. 1881 

Krajcovicova-Kudlackova M, Blazicek P, Kopcova J, Bederova A and Babinska K, 2000. 1882 

Homocysteine levels in vegetarians versus omnivores. Annals of Nutrition and Metabolism, 44, 1883 

135-138. 1884 

Kubasik NP, Ricotta M and Sine HE, 1980. Commercially-supplied binders for plasma cobalamin 1885 

(vitamin B12), analysis--"purified" intrinsic factor, "cobinamide"-blocked R-protein binder, and 1886 

non-purified intrinsic factor-R-protein binder--compared to microbiological assay. Clinical 1887 

Chemistry, 26, 598-600. 1888 

Kwan LL, Bermudez OI and Tucker KL, 2002. Low vitamin B-12 intake and status are more prevalent 1889 

in Hispanic older adults of Caribbean origin than in neighborhood-matched non-Hispanic whites. 1890 

Journal of Nutrition, 132, 2059-2064. 1891 

Kyttälä P, Ovaskainen M, Kronberg-Kippilä C, Erkkola M, Tapanainen H, Tuokkola J, Veijola R, 1892 

Simell O, Knip M and Virtanen SM, 2008. The Diet of Finnish Preschoolers. Publications of the 1893 

National Publich Health Institute B32/2008, 154 pp. 1894 

Larsson SC, Mannisto S, Virtanen MJ, Kontto J, Albanes D and Virtamo J, 2008. Folate, vitamin B6, 1895 

vitamin B12, and methionine intakes and risk of stroke subtypes in male smokers. American 1896 

Journal of Epidemiology, 167, 954-961. 1897 

Lee YK, Kim HS and Kang HJ, 2009. Holotranscobalamin as an indicator of vitamin B12 deficiency 1898 

in gastrectomized patients. Annals of Clinical Laboratory Science, 39, 361-366. 1899 

Lewerin C, Nilsson-Ehle H, Jacobsson S, Karlsson MK, Ohlsson C and Mellstrom D, 2013. 1900 

Holotranscobalamin is not influenced by decreased renal function in elderly men: the MrOS 1901 

Sweden study. Annals of Clinical Biochemistry, 50, 585-594. 1902 

Lildballe DL, Hardlei TF, Allen LH and Nexø E, 2009. High concentrations of haptocorrin interfere 1903 

with routine measurement of cobalamins in human serum and milk. A problem and its solution. 1904 

Clinical Chemistry and Laboratory Medicine, 47, 182-187. 1905 

Lindenbaum J, Rosenberg IH, Wilson PW, Stabler SP and Allen RH, 1994. Prevalence of cobalamin 1906 

deficiency in the Framingham elderly population. American Journal of Clinical Nutrition, 60, 2-11. 1907 

Linnel JC, 1975. The fate of cobalamin in vivo. In: Cobalamin Biochemistry and Pathophysiology. Ed 1908 

Babior BM. John Wiley & Sons, Inc., New York, USA, 287-333. 1909 

Loikas S, Koskinen P, Irjala K, Lopponen M, Isoaho R, Kivela SL and Pelliniemi TT, 2007. Renal 1910 

impairment compromises the use of total homocysteine and methylmalonic acid but not total 1911 

vitamin B12 and holotranscobalamin in screening for vitamin B12 deficiency in the aged. Clinical 1912 

Chemistry and Laboratory Medicine, 45, 197-201. 1913 



Dietary Reference Values for cobalamin 

 

EFSA Journal 20YY;volume(issue):NNNN 46 

Loría A, Vaz-Pinto A, Arroyo P, Ramírez-Mateos C and Sánchez-Medal L, 1977. Nutritional anemia. 1914 

VI. Fetal hepatic storage of metabolites in the second half of pregnancy. The Journal of Pediatrics, 1915 

91, 569-573. 1916 

Ludwig ML and Matthews RG, 1997. Structure-based perspectives on B12-dependent enzymes. 1917 

Annual Review of Biochemistry, 66, 269-313. 1918 

Lydeking-Olsen E, Beck-Jensen JE, Setchell KD and Holm-Jensen T, 2004. Soymilk or progesterone 1919 

for prevention of bone loss--a 2 year randomized, placebo-controlled trial. European Journal of 1920 

Nutrition, 43, 246-257. 1921 

MacFarlane AJ, Shi Y and Greene-Finestone LS, 2014. High-dose compared with low-dose vitamin 1922 

B-12 supplement use is not associated with higher vitamin B-12 status in children, adolescents, and 1923 

older adults. Journal of Nutrition, 144, 915-920. 1924 

Matthews JH, 1995. Cobalamin and folate deficiency in the elderly. Baillieres Clinical Haematology, 1925 

8, 679-697. 1926 

Matthews RG, Sheppard C and Goulding C, 1998. Methylenetetrahydrofolate reductase and 1927 

methionine synthase: biochemistry and molecular biology. European Journal of Pediatrics, 157 1928 

Suppl 2, S54-59. 1929 

McCaddon A, 2013. Vitamin B12 in neurology and ageing; clinical and genetic aspects. Biochimie, 1930 

95, 1066-1076. 1931 

Mensink GB, Heseker H, Richter A, Stahl A, Vohmann C, Fischer J, Kohler S and Six J (Robert 1932 

Koch-Institut & Universität Paderborn), 2007. Ernährungsstudie als KiGGS-Modul (EsKiMo). 143 1933 

pp. 1934 

Miller DR, Specker BL, Ho ML and Norman EJ, 1991. Vitamin B-12 status in a macrobiotic 1935 

community. American Journal of Clinical Nutrition, 53, 524-529. 1936 

Miller RK, Faber W, Asai M, D'Gregorio RP, Ng WW, Shah Y and Neth-Jessee L, 1993. The role of 1937 

the human placenta in embryonic nutrition. Impact of environmental and social factors. Annals of 1938 

the New York Academy of Sciences, 678, 92-107. 1939 

Millet P, Guilland JC, Fuchs F and Klepping J, 1989. Nutrient intake and vitamin status of healthy 1940 

French vegetarians and nonvegetarians. American Journal of Clinical Nutrition, 50, 718-727. 1941 

Milman N, Byg KE, Bergholt T, Eriksen L and Hvas AM, 2006. Cobalamin status during normal 1942 

pregnancy and postpartum: a longitudinal study comprising 406 Danish women. European Journal 1943 

of Haematology, 76, 521-525. 1944 

Milman N, Bergholt T, Byg KE, Eriksen L and Hvas AM, 2007. Reference intervals for 1945 

haematological variables during normal pregnancy and postpartum in 434 healthy Danish women. 1946 

European Journal of Haematology, 79, 39-46. 1947 

Moestrup SK, Birn H, Fischer PB, Petersen CM, Verroust PJ, Sim RB, Christensen EI and Nexø E, 1948 

1996. Megalin-mediated endocytosis of transcobalamin-vitamin-B12 complexes suggests a role of 1949 

the receptor in vitamin-B12 homeostasis. Proceedings of the National Academy of Sciences of the 1950 

United States of America, 93, 8612-8617. 1951 

Moestrup SK and Verroust PJ, 2001. Megalin- and cubilin-mediated endocytosis of protein-bound 1952 

vitamins, lipids, and hormones in polarized epithelia. Annual Review of Nutrition, 21, 407-428. 1953 

Moestrup SK and Verroust PJ, 407-428, 2004. Megalin- and cubilin-mediated endocytosis of protein-1954 

bound vitamins, lipids, and hormones in polarized epithelia. Annual Review of Nutrition, 21. 1955 

Mollin DL and Ross GI, 1952. The vitamin B12 concentrations of serum and urine of normals and of 1956 

patients with megaloblastic anaemias and other diseases. Journal of Clinical Pathology, 5, 129-139. 1957 

Molloy AM, Kirke PN, Brody LC, Scott JM and Mills JL, 2008. Effects of folate and vitamin B12 1958 

deficiencies during pregnancy on fetal, infant, and child development. Food and Nutrition Bulletin, 1959 

29, S101-111; discussion S112-105. 1960 



Dietary Reference Values for cobalamin 

 

EFSA Journal 20YY;volume(issue):NNNN 47 

Monsen AL, Refsum H, Markestad T and Ueland PM, 2003. Cobalamin status and its biochemical 1961 

markers methylmalonic acid and homocysteine in different age groups from 4 days to 19 years. 1962 

Clinical Chemistry, 49, 2067-2075. 1963 

Mørkbak AL, Heimdal RM, Emmens K, Molloy A, Hvas AM, Schneede J, Clarke R, Scott JM, 1964 

Ueland PM and Nexø E, 2005. Evaluation of the technical performance of novel 1965 

holotranscobalamin (holoTC) assays in a multicenter European demonstration project. Clinical 1966 

Chemistry and Laboratory Medicine, 43, 1058-1064. 1967 

Mørkbak AL, Hvas AM, Lloyd-Wright Z, Sanders TA, Bleie O, Refsum H, Nygaard OK and Nexø E, 1968 

2006. Effect of vitamin B12 treatment on haptocorrin. Clinical Chemistry, 52, 1104-1111. 1969 

Mørkbak AL, Hvas AM, Milman N and Nexø E, 2007a. Holotranscobalamin remains unchanged 1970 

during pregnancy. Longitudinal changes of cobalamins and their binding proteins during pregnancy 1971 

and postpartum. Haematologica, 92, 1711-1712. 1972 

Mørkbak AL, Ramlau-Hansen CH, Møller UK, Henriksen TB, Møller J and Nexø E, 2007b. A 1973 

longitudinal study of serum cobalamins and its binding proteins in lactating women. European 1974 

Journal of Clinical Nutrition, 61, 184-189. 1975 

Mørkbak AL, Poulsen SS and Nexø E, 2007c. Haptocorrin in humans. Clinical Chemistry and 1976 

Laboratory Medicine, 45, 1751-1759. 1977 

Muir M and Landon M, 1985. Endogenous origin of microbiologically-inactive cobalamins 1978 

(cobalamin analogues) in the human fetus. British Journal of Haematology, 61, 303-306. 1979 

Murphy MM, Molloy AM, Ueland PM, Fernandez-Ballart JD, Schneede J, Arija V and Scott JM, 1980 

2007. Longitudinal study of the effect of pregnancy on maternal and fetal cobalamin status in 1981 

healthy women and their offspring. Journal of Nutrition, 137, 1863-1867. 1982 

Narayanan MN, Dawson DW and Lewis MJ, 1991. Dietary deficiency of vitamin B12 is associated 1983 

with low serum cobalamin levels in non-vegetarians. European Journal of Haematology, 47, 115-1984 

118. 1985 

National Research Council, 1989. Recommended Dietary Allowances: 10th Edition. Subcommittee on 1986 

the Tenth Edition of the RDAs Food and Nutrition Board Commission on Life Sciences National 1987 

Research Council. 285 pp. 1988 

Netherlands Food and Nutrition Council, 1992. Recommended dietary allowances 1989 in The 1989 

Netherlands. 115 pp. 1990 

Nexø E and Gimsing P, 1975. Turnover in humans of iodine- and cobalamin-labeled transcobalamin I 1991 

and of iodine-labeled albumin. Scandinavian Journal of Clinical and Laboratory Investigation, 35, 1992 

391-398. 1993 

Nexø E, Hvas AM, Bleie O, Refsum H, Fedosov SN, Vollset SE, Schneede J, Nordrehaug JE, Ueland 1994 

PM and Nygard OK, 2002. Holo-transcobalamin is an early marker of changes in cobalamin 1995 

homeostasis. A randomized placebo-controlled study. Clinical Chemistry, 48, 1768-1771. 1996 

Nexø E and Hoffmann-Lucke E, 2011. Holotranscobalamin, a marker of vitamin B-12 status: 1997 

analytical aspects and clinical utility. American Journal of Clinical Nutrition, 94, 359S-365S. 1998 

Nordic Council of Ministers (Nordic Council of Ministers), 2014. Nordic Nutrition Recommendations 1999 

2012. Integrating nutrition and physical activity. 627 pp. 2000 

O'Sullivan JJ, Leeming RJ, Lynch SS and Pollock A, 1992. Radioimmunoassay that measures serum 2001 

vitamin B12. Journal of Clinical Pathology, 45, 328-331. 2002 

Papandreou D, Mavromichalis I, Makedou A, Rousso I and Arvanitidou M, 2006. Total serum 2003 

homocysteine, folate and vitamin B12 in a Greek school age population. Clinical Nutrition, 25, 2004 

797-802. 2005 

Paul AA, Black AE, Evans J, Cole TJ and Whitehead RG, 1988. Breastmilk intake and growth in 2006 

infants from two to ten months. Journal of Human Nutrition and Dietetics, 1, 437-450. 2007 



Dietary Reference Values for cobalamin 

 

EFSA Journal 20YY;volume(issue):NNNN 48 

Pawlak R, Parrott SJ, Raj S, Cullum-Dugan D and Lucus D, 2013. How prevalent is vitamin B(12) 2008 

deficiency among vegetarians? Nutrition Reviews, 71, 110-117. 2009 

Pentieva K, Hughes C, Askin N, Hoey L, Molloy A, Scott J and McNulty H, 2012. An intervention 2010 

trial to determine the response of vitamin B12 biomarkers to chronic supplementation with low 2011 

dose vitamin B12 after folate repletion. Proceedings of the Nutrition Society, 71, E138. 2012 

Perez-D'Gregorio RE and Miller RK, 1998. Transport and endogenous release of vitamin B12 in the 2013 

dually perfused human placenta. Journal of Pediatrics, 132, S35-42. 2014 

Pfeiffer CM, Caudill SP, Gunter EW, Osterloh J and Sampson EJ, 2005. Biochemical indicators of B 2015 

vitamin status in the US population after folic acid fortification: results from the National Health 2016 

and Nutrition Examination Survey 1999-2000. American Journal of Clinical Nutrition, 82, 442-2017 

450. 2018 

Quadros EV, Jackson B, Hoffbrand AV and Linell JC, 1979. Interconversion of cobalamin in human 2019 

lymphocytes in vitro and the influence of nitrous oxide on the synthesis of cobalamin coenzymes. 2020 

In: Vitamin B12. Proceedings of the Third European Symposium on Vitamin B12 and Intrinsic 2021 

Factor. Eds Zagalak B and Friedrich F. Walter de Gruyter & Co, Berlin, Germany, 1045-1054. 2022 

Quadros EV, Rothenberg SP and Jaffe EA, 1989. Endothelial cells from human umbilical vein secrete 2023 

functional transcobalamin II. American Journal of Physiology, 256, C296-303. 2024 

Quadros EV and Jacobsen DW, 1995. The dynamics of cobalamin utilization in L-1210 mouse 2025 

leukemia cells: a model of cellular cobalamin metabolism. Biochimica et Biophysica Acta: Protein 2026 

Structure and Molecular Enzymology, 1244, 395-403. 2027 

Quadros EV, Nakayama Y and Sequeira JM, 2009. The protein and the gene encoding the receptor for 2028 

the cellular uptake of transcobalamin-bound cobalamin. Blood, 113, 186-192. 2029 

Quadros EV, 2010. Advances in the understanding of cobalamin assimilation and metabolism. British 2030 

Journal of Haematology, 148, 195-204. 2031 

Quadros EV and Sequeira JM, 2013. Cellular uptake of cobalamin: transcobalamin and the 2032 

TCblR/CD320 receptor. Biochimie, 95, 1008-1018. 2033 

Raccuglia G, French A and Zarafonetis CJ, 1969. Absorption and excretion of cyanocobalamine after 2034 

oral administration of a large dose in various conditions. Acta Haematologica, 42, 1-7. 2035 

Refsum H, Smith AD, Ueland PM, Nexø E, Clarke R, McPartlin J, Johnston C, Engbaek F, Schneede 2036 

J, McPartlin C and Scott JM, 2004. Facts and recommendations about total homocysteine 2037 

determinations: An expert opinion. Clinical Chemistry, 50, 3-32. 2038 

Refsum H, Johnston C, Guttormsen AB and Nexø E, 2006. Holotranscobalamin and total 2039 

transcobalamin in human plasma: determination, determinants, and reference values in healthy 2040 

adults. Clinical Chemistry, 52, 129-137. 2041 

Reizenstein P, Ek G and Matthews CM, 1966. Vitamin B-12 kinetics in man. Implications on total-2042 

body B12 determinations, human requirements, and normal and pathological cellular B12 uptake. 2043 

Physics in Medicine and Biology, 11, 295-306. 2044 

Reizenstein PG and Nyberg W, 1959. Intestinal absorption of liver-bound radiovitamin B12 in patients 2045 

with pernicious anaemia and in controls. Lancet, 2, 248-252. 2046 

Reizenstein PG, 1959a. Excretion, enterohepatic circulation, and retention of radiovitamin B12 in 2047 

pernicious anemia and in controls. Proceedings of the Society for Experimental Biology and 2048 

Medicine, 101, 703-707. 2049 

Reizenstein PG, 1959b. Excretion of non-labeled vitamin B12 in man. Acta Medica Scandinavica, 2050 

165, 313-319. 2051 

Roe MA, Bell S, Oseredczuk M, Christensen T, Westenbrink S, Pakkala H, Presser K and Finglas PM, 2052 

2013. Updated food composition database for nutrient intake. EFSA supporting publication 2053 

2013:EN-355, 21 pp. 2054 



Dietary Reference Values for cobalamin 

 

EFSA Journal 20YY;volume(issue):NNNN 49 

Sandberg DP, Begley JA and Hall CA, 1981. The content, binding, and forms of vitamin B12 in milk. 2055 

American Journal of Clinical Nutrition, 34, 1717-1724. 2056 

Savage DG, Lindenbaum J, Stabler SP and Allen RH, 1994. Sensitivity of serum methylmalonic acid 2057 

and total homocysteine determinations for diagnosing cobalamin and folate deficiencies. American 2058 

Journal of Medicine, 96, 239-246. 2059 

SCF (Scientific Committee for Food), 1993. Nutrient and energy intakes for the European 2060 

Community, 31st series. Food - Science and Technique, Luxembourg, European Commission, 255 2061 

pp. 2062 

SCF (Scientific Committee for Food), 2000. Opinion of the Scientific Committee on Food on the 2063 

Tolerable Upper Intake Level of Vitamin B12. 5 pp. 2064 

Scott JM, 1999. Folate and vitamin B12. Proceedings of the Nutrition Society, 58, 441-448. 2065 

Seetharam B and Li N, 2000. Transcobalamin II and its cell surface receptor. Vitamins and Hormones, 2066 

59, 337-366. 2067 

Selhub J, 1999. Homocysteine metabolism. Annual Review of Nutrition, 19, 217-246. 2068 

Selhub J, Jacques PF, Dallal G, Choumenkovitch S and Rogers G, 2008. The use of blood 2069 

concentrations of vitamins and their respective functional indicators to define folate and vitamin 2070 

B12 status. Food and Nutrition Bulletin, 29, S67-73. 2071 

Sette S, Le Donne C, Piccinelli R, Arcella D, Turrini A, Leclercq C and Group I-SS, 2011. The third 2072 

Italian National Food Consumption Survey, INRAN-SCAI 2005-06--part 1: nutrient intakes in 2073 

Italy. Nutrition, Metabolism and Cardiovascular Diseases, 21, 922-932. 2074 

Shane B and Stokstad EL, 1985. Vitamin B12-folate interrelationships. Annual Review of Nutrition, 5, 2075 

115-141. 2076 

Souci SW, Fachmann W and Kraut H, 2008. Die Zusammensetzung der Lebensmittel. 2077 

Nähwerttabellen. 7. Auflage. Medpharm Scientific Publishers, Stuttgart, Germany, 1340 pp. 2078 

Specker BL, Black A, Allen L and Morrow F, 1990. Vitamin B-12: low milk concentrations are 2079 

related to low serum concentrations in vegetarian women and to methylmalonic aciduria in their 2080 

infants. American Journal of Clinical Nutrition, 52, 1073-1076. 2081 

Stabler SP, Marcell PD, Podell ER, Allen RH and Lindenbaum J, 1986. Assay of methylmalonic acid 2082 

in the serum of patients with cobalamin deficiency using capillary gas chromatography-mass 2083 

spectrometry. Journal of Clinical Investigation, 77, 1606-1612. 2084 

Stabler SP and Allen RH, 2004. Vitamin B12 deficiency as a worldwide problem. Annual Review of 2085 

Nutrition, 24, 299-326. 2086 

Stahlberg KG, Radner S and Norden A, 1967. Liver B12 in subjects with and without vitamin B12 2087 

deficiency. A quantitative and qualitative study. Scandinavian Journal of Haematology, 4, 312-330. 2088 

Stewart JS, Roberts PD and Hoffbrand AV, 1970. Response of dietary vitamin-B12 deficiency to 2089 

physiological oral doses of cyanocobalamin. Lancet, 2, 542-545. 2090 

Sullivan LW and Herbert V, 1965. Studies on the minimum daily requirement for vitamin B12. 2091 

Hematopoietic responses to 0.1 microgm. of cyanocobalamin or coenzyme B12, and comparison of 2092 

their relative potency. The New England Journal of Medicine, 272, 340-346. 2093 

Swartzlander DB, Bauer NC, Corbett AH and Doetsch PW, 2012. Regulation of base excision repair 2094 

in eukaryotes by dynamic localization strategies. Progress in Molecular Biology and Translational 2095 

Science, 110, 93-121. 2096 

Thomas MR, Sneed SM, Wei C, Nail PA, Wilson M and Sprinkle EE, 3rd, 1980. The effects of 2097 

vitamin C, vitamin B6, vitamin B12, folic acid, riboflavin, and thiamin on the breast milk and 2098 

maternal status of well-nourished women at 6 months postpartum. American Journal of Clinical 2099 

Nutrition, 33, 2151-2156. 2100 



Dietary Reference Values for cobalamin 

 

EFSA Journal 20YY;volume(issue):NNNN 50 

Tsuji T, Fukuwatari T, Sasaki S and Shibata K, 2010. Twenty-four-hour urinary water-soluble vitamin 2101 

levels correlate with their intakes in free-living Japanese university students. European Journal of 2102 

Clinical Nutrition, 64, 800-807. 2103 

Tsuji T, Fukuwatari T, Sasaki S and Shibata K, 2011. Twenty-four-hour urinary water-soluble vitamin 2104 

levels correlate with their intakes in free-living Japanese schoolchildren. Public Health Nutrition, 2105 

14, 327-333. 2106 

Tucker KL, Rich S, Rosenberg I, Jacques P, Dallal G, Wilson PW and Selhub J, 2000. Plasma vitamin 2107 

B-12 concentrations relate to intake source in the Framingham Offspring study. American Journal 2108 

of Clinical Nutrition, 71, 514-522. 2109 

Ubbink JB, 1997. The role of vitamins in the pathogenesis and treatment of hyperhomocyst(e)inaemia. 2110 

Journal of Inherited Metabolic Disease, 20, 316-325. 2111 

Ubbink JB, 2001. What is a desirable homocysteine level? In: Homocysteine in health and disease. 2112 

Eds Carmel R and Jacobsen DW. New York: Cambridge University Press, 485-490. 2113 

Valente E, Scott JM, Ueland PM, Cunningham C, Casey M and Molloy AM, 2011. Diagnostic 2114 

accuracy of holotranscobalamin, methylmalonic acid, serum cobalamin, and other indicators of 2115 

tissue vitamin B12 status in the elderly. Clinical Chemistry, 57, 856-863. 2116 

van Buuren S, Schönbeck Y and van Dommelen P, 2012. CT/EFSA/NDA/2010/01: Collection, 2117 

collation and analysis of data in relation to reference heights and reference weights for female and 2118 

male children and adolescents (0-18 years) in the EU, as well as in relation to the age of onset of 2119 

puberty and the age at which different stages of puberty are reached in adolescents in the EU. 2120 

EFSA supporting publication 2012:EN-255, 59 pp. 2121 

van Rossum CTM, Fransen HP, Verkaik-Kloosterman J, Buurma-Rethans EJM and Ocké MC, 2011. 2122 

Dutch National Food Consumption Survey 2007-2010: Diet of children and adults aged 7 to 69 2123 

years. RIVM Report number: 350050006/2011, National Institute for Public Health and the 2124 

Environment, 143 pp. 2125 

Van Zoeren-Grobben D, Schrijver J, Van den Berg H and Berger HM, 1987. Human milk vitamin 2126 

content after pasteurisation, storage, or tube feeding. Archives of Disease in Childhood, 62, 161-2127 

165. 2128 

Vaz Pinto A, Torras V, Sandoval JF, Dillman E, Mateos CR and Cordova MS, 1975. Folic acid and 2129 

vitamin B12 determination in fetal liver. American Journal of Clinical Nutrition, 28, 1085-1086. 2130 

Vinas BR, Barba LR, Ngo J, Gurinovic M, Novakovic R, Cavelaars A, de Groot LCPGM, van´t Veer 2131 

P, Matthys C and Majem LS, 2011. Projected prevalence of inadequate nutrient intakes in Europe. 2132 

Annals of Nutrition and Metabolism, 54, 84-95. 2133 

Vogiatzoglou A, Smith AD, Nurk E, Berstad P, Drevon CA, Ueland PM, Vollset SE, Tell GS and 2134 

Refsum H, 2009a. Dietary sources of vitamin B-12 and their association with plasma vitamin B-12 2135 

concentrations in the general population: the Hordaland Homocysteine Study. American Journal of 2136 

Clinical Nutrition, 89, 1078-1087. 2137 

Vogiatzoglou A, Oulhaj A, Smith AD, Nurk E, Drevon CA, Ueland PM, Vollset SE, Tell GS and 2138 

Refsum H, 2009b. Determinants of plasma methylmalonic acid in a large population: implications 2139 

for assessment of vitamin B12 status. Clinical Chemistry, 55, 2198-2206. 2140 

Wahlin A, Backman L, Hultdin J, Adolfsson R and Nilsson LG, 2002. Reference values for serum 2141 

levels of vitamin B12 and folic acid in a population-based sample of adults between 35 and 80 2142 

years of age. Public Health Nutrition, 5, 505-511. 2143 

Watanabe F and Nakano Y, 1997. Purification and characterization of aquacobalamin reductases from 2144 

mammals. Methods in Enzymology, 281, 295-305. 2145 

WHO Multicentre Growth Reference Study Group (World Health Organization), 2006. WHO (World 2146 

Health Organization) Child Growth Standards: Length/height-for-age, weight-for-age, weight-for-2147 

length, weight-for-height and body mass index-for-age: Methods and development. 336 pp. 2148 



Dietary Reference Values for cobalamin 

 

EFSA Journal 20YY;volume(issue):NNNN 51 

WHO/FAO (World Health Organization/Food and Agriculture Organization), 1970. Requirements of 2149 

ascorbic acid, vitamin D, vitamin B12, folate, and iron. Report of a Joint FAO-WHO Expert 2150 

Group. World Health Organization Technical Report Series, n°452, 75 pp. 2151 

WHO/FAO (World Health Organization/Food and Agriculture Organization), 2004. Vitamin and 2152 

mineral requirements in human nutrition: report of a joint FAO/WHO expert consultation, 2153 

Bangkok, Thailand, 21–30 September 1998. 341 pp. 2154 

Winawer SJ, Streiff RR and Zamcheck N, 1967. Gastric and hematological abnormalities in a vegan 2155 

with nutritional vitamin B 12 deficiency: effect of oral vitamin B 12. Gastroenterology, 53, 130-2156 

135. 2157 

 2158 

2159 



Dietary Reference Values for cobalamin 

 

EFSA Journal 20YY;volume(issue):NNNN 52 

APPENDICES 2160 

Appendix A.  Dietary surveys in the EFSA Comprehensive European Food Consumption Database included in the nutrient intake calculation and 2161 
number of subjects in the different age classes.  2162 

Country Dietary survey (Year) Year Method Days  Number of subjects 
(a)

 

     

Infants 

< 1 

year 

Children 

1–< 3 

years 

Children 

3–< 10 

years 

Children 

10–< 18 

years 

Adults 

18–< 65 

years 

Adults 

65–< 75 

years 

Adults 

≥ 75 

years 

Finland/1 DIPP 2000–2010 Dietary record 3 499 500 750     

Finland/2 NWSSP 2007–2008 48-hour dietary recall 
(b)

 2 × 2 
(b)

    306    

Finland/3 FINDIET2012 2012 48-hour dietary recall 
(b)

 2 
(b)

     1 295 413  

France INCA2 2006–2007 Dietary record 7   482 973 2 276 264 84 

Germany/1 EsKiMo 2006 Dietary record 3   835 393    

Germany/2 VELS 2001–2002 Dietary record 6 159 347 299     

Ireland NANS 2008–2010 Dietary record 4     1 274 149 77 

Italy INRAN-SCAI 2005-06 2005–2006 Dietary record 3 16 
(a)

 36 
(a)

 193 247 2 313 290 228 

Latvia FC_PREGNANTWOMEN 2011 2011 24-hour dietary recall 2    12 
(a)

 991 
(c)

   

Netherlands DNFCS 2007–2010 2007–2010 24-hour dietary recall 2   447 1 142 2 057 173  

Sweden Riksmaten 2010–2011 Dietary record (Web)  4     1 430 295 72 

United 

Kingdom/1 

DNSIYC-2011 2011 Dietary record 4 1 369 1 314      

United 

Kingdom/2 

NDNS - 

Rolling Programme (1–3 years) 

2008–2011 Dietary record 4  185 651 666 1 266 166 139 

DIPP, type 1 Diabetes Prediction and Prevention survey; DNFCS, Dutch National Food Consumption Survey; DNSIYC, Diet and nutrition survey of infants and young children; EsKiMo, 2163 
Ernährungsstudie als KIGGS-Modul; FC_PREGNANTWOMEN, food consumption of pregnant women in Latvia; FINDIET, the national dietary survey of Finland; INCA, étude Individuelle 2164 
Nationale de Consommations Alimentaires; INRAN-SCAI, Istituto Nazionale di Ricerca per gli Alimenti e la Nutrizione – Studio sui Consumi Alimentari in Italia; NANS, National Adult 2165 
Nutrition Survey; NDNS, National Diet and Nutrition Survey; NWSSP, Nutrition and Wellbeing of Secondary School Pupils; VELS, Verzehrsstudie zur Ermittlung der Lebensmittelaufnahme 2166 
von Säuglingen und Kleinkindern für die Abschätzung eines akuten Toxizitätsrisikos durch Rückstände von Pflanzenschutzmitteln. 2167 
(a): 5th or 95th percentile intakes calculated from fewer than 60 subjects require cautious interpretation as the results may not be statistically robust (EFSA, 2011b) and, therefore, for these 2168 

dietary surveys/age classes, the 5th, 95th percentile estimates will not be presented in the intake results. 2169 
(b): A 48-hour dietary recall comprises of two consecutive days. 2170 
(c): One subject was excluded from the dataset due to only one 24-hour dietary recall day was available, i.e. final n = 990. 2171 

2172 
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Appendix B.  Cobalamin intake in males in different surveys according to age classes and country (µg/day) 2173 

Age class Country Survey n Average P5 P50 P95 

< 1 year 
(a)

 Finland DIPP_2001_2009 247 1.0 0.0 1.0 2.2 

 Germany VELS 84 1.1 0.3 0.9 2.7 

 Italy INRAN_SCAI_2005_06 9 0.8 
(b) 

0.5 
(b)

 

 United Kingdom DNSIYC_2011 699 2.1 0.5 2.1 3.9 

1 to < 3 years Finland DIPP_2001_2009 245 2.7 0.5 2.6 5.0 

 Germany VELS 174 2.4 0.9 2.4 4.0 

 Italy INRAN_SCAI_2005_06 20 3.2 
(b)

 3.3 
(b)

 

 United Kingdom DNSIYC_2011 663 3.5 1.1 3.5 6.2 

 United Kingdom NDNS-RollingProgrammeYears1–3 107 4.0 1.6 3.9 7.4 

3 to < 10 years Finland DIPP_2001_2009 381 4.8 2.1 4.4 8.2 

 France INCA2 239 4.8 2.3 4.3 9.3 

 Germany EsKiMo 426 4.2 2.0 3.8 7.3 

 Germany VELS 146 2.8 1.5 2.8 4.6 

 Italy INRAN_SCAI_2005_06 94 5.7 2.3 5.1 11.3 

 Netherlands DNFCS 2007–2010 231 3.6 1.7 3.3 6.8 

 United Kingdom NDNS-RollingProgrammeYears1–3 326 3.7 1.8 3.3 6.3 

10 to < 18 years Finland NWSSP07_08 136 6.2 3.1 5.5 11.7 

 France INCA2 449 6.5 2.9 5.8 12.8 

 Germany EsKiMo 197 4.6 2.2 4.2 8.2 

 Italy INRAN_SCAI_2005_06 108 6.6 3.6 6.3 11.8 

 Netherlands DNFCS 2007–2010 566 4.6 1.9 4.3 8.5 

 United Kingdom NDNS-RollingProgrammeYears1–3 340 4.2 2.0 3.9 7.6 

18 to < 65 years Finland FINDIET2012 585 6.8 2.3 5.9 13.6 

 France INCA2 936 6.8 2.9 6.0 14.0 

 Ireland NANS_2012 634 6.4 3.0 5.9 11.5 

 Italy INRAN_SCAI_2005_06 1 068 6.2 2.7 5.6 10.7 

 Netherlands DNFCS 2007–2010 1 023 5.8 2.3 5.2 10.8 

 Sweden Riksmaten 2010 623 8.2 3.0 7.4 15.8 
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Age class Country Survey n Average P5 P50 P95 

 United Kingdom NDNS-RollingProgrammeYears1–3 560 5.3 2.2 4.6 9.7 

65 to < 75 years Finland FINDIET2012 210 6.1 1.9 5.1 12.3 

 France INCA2 111 6.3 2.8 5.7 13.3 

 Ireland NANS_2012 72 6.9 2.4 6.1 14.2 

 Italy INRAN_SCAI_2005_06 133 6.0 2.4 5.5 10.0 

 Netherlands DNFCS 2007–2010 91 5.6 2.0 4.9 14.8 

 Sweden Riksmaten 2010 127 8.6 3.3 7.9 15.2 

 United Kingdom NDNS-RollingProgrammeYears1–3 75 6.6 2.6 5.5 15.1 

≥ 75 years France INCA2 40 5.4 
(b)

 4.7 
(b)

 

 Ireland NANS_2012 34 5.9 
(a)

 5.4 
(b)

 

 Italy INRAN_SCAI_2005_06 69 5.5 2.6 5.1 9.1 

 Sweden Riksmaten 2010 42 8.6 
(b)

 7.5 
(b)

 

 United Kingdom NDNS-RollingProgrammeYears1-3 56 6.4 
(b)

 5.1 
(b)

 

n, number of individuals; P5, 5th percentile; P50, 50th percentile; P95, 95th percentile. 2174 
DIPP, type 1 Diabetes Prediction and Prevention survey; DNFCS, Dutch National Food Consumption Survey; DNSIYC, Diet and nutrition survey of infants and young children; EsKiMo, 2175 
Ernährungsstudie als KIGGS-Modul; FINDIET, the national dietary survey of Finland; INCA, étude Individuelle Nationale de Consommations Alimentaires; INRAN-SCAI, Istituto Nazionale 2176 
di Ricerca per gli Alimenti e la Nutrizione – Studio sui Consumi Alimentari in Italia; NANS, National Adult Nutrition Survey; NDNS, National Diet and Nutrition Survey; NWSSP, Nutrition 2177 
and Wellbeing of Secondary School Pupils; VELS, Verzehrsstudie zur Ermittlung der Lebensmittelaufnahme von Säuglingen und Kleinkindern für die Abschätzung eines akuten 2178 
Toxizitätsrisikos durch Rückstände von Pflanzenschutzmitteln. 2179 
(a):  The proportions of breast-fed infants were 58 % in the Finnish survey, 40 % in the German survey, 44 % in the Italian survey, and 21 % in the UK survey. Most infants were partially 2180 

breast-fed. For the Italian and German surveys, breast milk intake estimates were derived from the number of breastfeeding events recorded per day multiplied by standard breast milk 2181 
amounts consumed on an eating occasion at different age. For the UK survey, the amount of breast milk consumed was either directly quantified by the mother (expressed breast milk) or 2182 
extrapolated from the duration of each breastfeeding event. As no information on the breastfeeding events were reported in the Finnish survey, breast milk intake was not taken into 2183 
consideration in the intake estimates of Finnish infants.  2184 

(b):  5th or 95th percentile intakes calculated from fewer than 60 subjects require cautious interpretation as the results may not be statistically robust (EFSA, 2011b) and, therefore, for 2185 
 these dietary surveys/age classes, the 5th and 95th percentile estimates will not be presented in the intake results. 2186 
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Appendix C.  Cobalamin intake in females in different surveys according to age classes and country (µg/day) 2187 

Age class Country Survey n Average P5 P50 P95 

< 1 year 
(a)

 Finland DIPP_2001_2009 253 0.9 0.0 0.8 2.2 

 Germany VELS 75 0.8 0.2 0.7 1.7 

 Italy INRAN_SCAI_2005_06 7 1.3 
(b) 

0.6 
(b)

 

 United Kingdom DNSIYC_2011 670 1.9 0.4 1.9 3.5 

1 to < 3 years Finland DIPP_2001_2009 255 2.7 0.5 2.5 4.7 

 Germany VELS 174 2.2 0.9 2.1 3.9 

 Italy INRAN_SCAI_2005_06 16 2.9 
(b)

 2.7 
(b)

 

 United Kingdom DNSIYC_2011 651 3.3 0.9 3.2 5.8 

 United Kingdom NDNS-RollingProgrammeYears1–3 78 3.3 1.5 3.2 5.5 

3 to < 10 years Finland DIPP_2001_2009 369 4.4 2.1 4.0 8.3 

 France INCA2 243 4.2 2.2 4.0 7.1 

 Germany EsKiMo 409 3.6 1.7 3.4 6.6 

 Germany VELS 147 2.6 1.3 2.5 4.0 

 Italy INRAN_SCAI_2005_06 99 4.8 2.0 4.7 7.7 

 Netherlands DNFCS 2007–2010 216 3.7 1.3 3.4 6.8 

 United Kingdom NDNS-RollingProgrammeYears1–3 325 3.4 1.5 3.2 5.8 

10 to < 18 years Finland NWSSP07_08 170 4.4 1.7 4.1 7.6 

 France INCA2 524 4.8 2.2 4.3 8.9 

 Germany EsKiMo 196 4.0 2.1 3.7 6.9 

 Italy INRAN_SCAI_2005_06 139 5.8 2.4 5.1 9.9 

 Latvia 
(c)

 FC_PREGNANTWOMEN_2011 12 4.9 
(b) 

4.4 
(b)

 

 Netherlands DNFCS 2007–2010 576 3.7 1.6 3.4 6.8 

 United Kingdom NDNS-RollingProgrammeYears1–3 326 3.3 1.5 3.1 5.9 

18 to < 65 years Finland FINDIET2012 710 4.9 1.8 4.4 9.7 

 France INCA2 1 340 5.2 2.0 4.5 11.6 

 Ireland NANS_2012 640 4.4 1.9 4.1 7.9 

 Italy INRAN_SCAI_2005_06 1 245 5.1 2.1 4.7 9.2 

 Latvia 
(c)

 FC_PREGNANTWOMEN_2011 990 5.2 2.3 4.2 11.0 
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Age class Country Survey n Average P5 P50 P95 

 Netherlands DNFCS 2007–2010 1 034 4.4 1.7 3.9 8.6 

 Sweden Riksmaten 2010 807 6.1 2.1 5.7 11.5 

 United Kingdom NDNS-RollingProgrammeYears1–3 706 4.3 1.5 3.8 8.9 

65 to < 75 years Finland FINDIET2012 203 4.6 1.6 3.9 9.3 

 France INCA2 153 5.0 1.9 4.3 12.7 

 Ireland NANS_2012 77 5.2 2.4 4.7 9.6 

 Italy INRAN_SCAI_2005_06 157 4.6 1.5 4.3 8.8 

 Netherlands DNFCS 2007–2010 82 4.3 1.5 3.5 8.7 

 Sweden Riksmaten 2010 168 7.3 3.1 6.2 16.8 

 United Kingdom NDNS-RollingProgrammeYears1–3 91 5.2 1.9 4.1 15.4 

≥ 75 years France INCA2 44 5.5 
(b)

 4.3 
(b)

 

 Ireland NANS_2012 43 4.9 
(b)

 4.9 
(b)

 

 Italy INRAN_SCAI_2005_06 159 4.2 1.6 3.9 7.6 

 Sweden Riksmaten 2010 30 6.6 
(b)

 6.5 
(b)

 

 United Kingdom NDNS-RollingProgrammeYears1–3 83 5.0 2.4 4.4 9.2 

n, number of individuals; P5, 5th percentile; P50, 50th percentile; P95, 95th percentile. 2188 
DIPP, type 1 Diabetes Prediction and Prevention survey; DNFCS, Dutch National Food Consumption Survey; DNSIYC, Diet and nutrition survey of infants and young children; EsKiMo, 2189 
Ernährungsstudie als KIGGS-Modul; FC_PREGNANTWOMEN, food consumption of pregnant women in Latvia; FINDIET, the national dietary survey of Finland; INCA, étude Individuelle 2190 
Nationale de Consommations Alimentaires; INRAN-SCAI, Istituto Nazionale di Ricerca per gli Alimenti e la Nutrizione - Studio sui Consumi Alimentari in Italia; NANS, National Adult 2191 
Nutrition Survey; NDNS, National Diet and Nutrition Survey; NWSSP, Nutrition and Wellbeing of Secondary School Pupils; VELS, Verzehrsstudie zur Ermittlung der Lebensmittelaufnahme 2192 
von Säuglingen und Kleinkindern für die Abschätzung eines akuten Toxizitätsrisikos durch Rückstände von Pflanzenschutzmitteln. 2193 
(a): The proportions of breast-fed infants were 58 % in the Finnish survey, 40 % in the German survey, 44 % in the Italian survey, and 21 % in the UK survey. Most infants were partially 2194 

breast-fed. For the Italian and German surveys, breast milk intake estimates were derived from the number of breastfeeding events recorded per day multiplied by standard breast milk 2195 
amounts consumed on an eating occasion at different age. For the UK survey, the amount of breast milk consumed was either directly quantified by the mother (expressed breast milk) or 2196 
extrapolated from the duration of each breastfeeding event. As no information on the breastfeeding events were reported in the Finnish survey, breast milk intake was not taken into 2197 
consideration in the intake estimates of Finnish infants. (b): 5th or 95th percentile intakes calculated from fewer than 60 subjects require cautious interpretation, as the results may not be 2198 
statistically robust (EFSA, 2011b) and, therefore, for these dietary surveys/age classes, the 5th and 95th percentile estimates will not be presented in the intake results. 2199 

(c): Pregnant women only. 2200 
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Appendix D.  Minimum and maximum % contribution of different food groups to cobalamin intake in males 2201 

Food groups  Age 

1 month 

to < 1 

year 

1 to 

< 3 

years 

3 to < 10 

years 

10 to < 18 

years 

18 to < 65 

years 

65 to < 75 

years 

≥ 75 

years 

Additives, flavours, baking and processing aids < 1 < 1 0 0 0 0 0 

Alcoholic beverages 0 0 0 0 < 1 - 3 0 - 3 0 - 1 

Animal and vegetable fats and oils 0–1 < 1–1 < 1–2 < 1–2 < 1–2 < 1–2 < 1–1 

Coffee, cocoa, tea and infusions 0 0 < 1–1 < 1–1 < 1–2 < 1–1 0–2 

Composite dishes < 1–3 < 1–9 < 1–13 < 1–19 < 1–16 < 1–11 1–10 

Eggs and egg products < 1–1 1–5 < 1–8 < 1–8 < 1–5 < 1–5 < 1–5 

Fish, seafood, amphibians, reptiles and invertebrates 1–5 4–11 4–17 5–20 10–25 19–38 19–39 

Food products for young population 21–53 2–13 < 1–1 < 1 < 1  -   -  

Fruit and fruit products 0 0 0 0 0 0 0 

Fruit and vegetable juices and nectars 0–2 0–2 < 1–3 0–2 0–1 0–1 0–1 

Grains and grain-based products < 1–4 3–8 1–11 < 1–11 3–10 3–11 3–13 

Human milk < 1–21 < 1  -   -   -   -   -  

Legumes, nuts, oilseeds and spices 0 0 0 < 1 < 1 0 0 

Meat and meat products 2–21 8–26 16–40 24–43 29–48 27–52 26–48 

Milk and dairy products 23–50 48–65 25–51 17–48 14–35 15–29 16–27 

Products for non-standard diets, food imitates and food supplements or 

fortifying agents 0–1 0 0–1 0 < 1 0 0 

Seasoning, sauces and condiments < 1–2 < 1 < 1–1 < 1–1 < 1–1 < 1–1 < 1–2 

Starchy roots or tubers and products thereof, sugar plants 0 0 0 0 0 0 0 

Sugar, confectionery and water-based sweet desserts 0 < 1–2 < 1–3 < 1–3 < 1–1 < 1 < 1 

Vegetables and vegetable products 0 < 1 < 1 < 1 < 1 < 1 < 1 

Water and water-based beverages 0 0 0–12 0–19 < 1–12 0–1 0 

“-” means that there was no consumption event of the food group for the age and sex group considered, whereas “0” means that there were some consumption events, but that the food group 2202 
does not contribute to the intake of the nutrient considered, for the age and sex group considered. 2203 
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Appendix E.  Minimum and maximum % contribution of different food groups to cobalamin intake in females 2204 

 Food groups  Age 

1 month 

to < 1 

year 

1 to < 3 

years 

3 to < 10 

years 

10 to < 18 

years 

18 to < 65 

years 

65 to < 75 

years 

≥ 75 

years 

Additives, flavours, baking and processing aids 0 0 0 0 0 0 0 

Alcoholic beverages 0 0 0 0 < 1–1 0 0 

Animal and vegetable fats and oils < 1–1 < 1–1 < 1–2 < 1–2 < 1–2 < 1–1 < 1–2 

Coffee, cocoa, tea and infusions 0 0 < 1–1 0–1 < 1–2 < 1–1 0–1 

Composite dishes 0–3 < 1–8 < 1–14 1–19 1–16 < 1–11 1–10 

Eggs and egg products < 1–1 1–5 < 1–8 < 1–8 < 1–5 < 1–5 < 1–6 

Fish, seafood, amphibians, reptiles and invertebrates 2–10 5–14 2–17 5–25 13–27 17–39 17–35 

Food products for young population 14–51 2–11 < 1–1 < 1 0  -  < 1 

Fruit and fruit products 0 0 0 0 0 0 0 

Fruit and vegetable juices and nectars 0–2 0–3 < 1–3 0–2 0–1 0–1 0–1 

Grains and grain-based products 0–5 2–9 1–11 < 1–11 3–12 3–12 4–13 

Human milk < 1-7 < 1  -   -   -   -   -  

Legumes, nuts, oilseeds and spices 0 0 0 0 < 1 < 1 < 1 

Meat and meat products 8–16 8–24 15–40 20–44 27–46 26–51 24–53 

Milk and dairy products 20–51 48–62 26–54 19–50 16–36 17–33 18–32 

Products for non-standard diets, food imitates and food supplements or 

fortifying agents 0 0 0–1 0–1 < 1–1 0–1 0–1 

Seasoning, sauces and condiments < 1–1 < 1–1 < 1–1 < 1–2 < 1–2 < 1–1 < 1–1 

Starchy roots or tubers and products thereof, sugar plants 0 0 0 0 0 0 0 

Sugar, confectionery and water-based sweet desserts 0–1 < 1–1 < 1–3 < 1–3 < 1–1 < 1 < 1–1 

Vegetables and vegetable products 0 0 < 1 < 1 < 1 < 1 < 1 

Water and water-based beverages 0 0 0–10 0–13 0–9 0 0 

“-” means that there was no consumption event of the food group for the age and sex group considered, whereas “0” means that there were some consumption events, but that the food group 2205 
does not contribute to the intake of the nutrient considered, for the age and sex group considered. 2206 
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Appendix F.  Comparison between EFSA intake estimates and published estimates from the same surveys 2207 

Country Survey (age range) Reference % of published intake estimates 
(a)

 

Finland  DIPP (6 months–6 years) Kyttälä et al. (2008) 91–102 % 

 NWSSP (13–15 years) Hoppu et al. (2010) 113–117 % 

 FINDIET 2012 (25–74 years) Helldán et al. (2013) 89–97 % 

France INCA 2 (3–17 years) Afssa (2009) 132–138 % 

 INCA 2 (≥ 18 years)  102–104 % 

Germany EsKiMo (6–11 years) Mensink et al. (2007) 103–110 % 

Ireland  NANS (18–90 years) IUNA (2011) 98–104 % 

Italy INRAN-SCAI (1month–98 years) Sette et al. (2011) 90–100 % 

The Netherlands DNFCS 2007_2010 (7–69 years) van Rossum et al. (2011) 100–113 % 

Sweden Riksmaten (18–80 years) Amcoff et al. (2012) 112–139 % 

The United Kingdom NDNS, Years 1–3 (3–94 years) Bates et al. (2012) 87–95 % 

DIPP, type 1 Diabetes Prediction and Prevention survey; DNFCS, Dutch National Food Consumption Survey; EsKiMo, Ernährungsstudie als KIGGS-Modul; FINDIET, the national dietary 2208 
survey of Finland; INCA, étude Individuelle Nationale de Consommations Alimentaires; INRAN-SCAI, Istituto Nazionale di Ricerca per gli Alimenti e la Nutrizione – Studio sui Consumi 2209 
Alimentari in Italia; NANS, National Adult Nutrition Survey; NDNS, National Diet and Nutrition Survey; NWSSP, Nutrition and Wellbeing of Secondary School Pupils. 2210 
(a): Range over different age groups in a specific survey. 2211 
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ABBREVIATIONS 

AdoCbl 5′-deoxyadenosylcobalamin 

Afssa Agence française de sécurité sanitaire des aliments 

AI Adequate Intake 

AR Average Requirement 

CI confidence interval 

CNCbl cyanocobalamin 

CoA coenzyme A 

cobalaminn normalised cobalamin concentration 

COMA Committee on Medical Aspects of Food Policy 

CV coefficient of variation 

CNCbl cyanocobalamin 

Da dalton 

D-A-CH Deutschland–Austria–Confoederatio Helvetica 

DH UK Department of Health 

DIPP type 1 Diabetes Prediction and Prevention survey 

DNFCS Dutch National Food Consumption Survey 

DNSIYC Diet and nutrition survey of infants and young children 

DRV Dietary Reference Values  

EAR Estimated Average Requirement 

EC European Commission 

EFSA European Food Safety Authority 

EsKiMo Ernährungsstudie als KIGGS-Modul 

EU European Union 

FAO Food and Agriculture Organization 

FC_PREGNANTWOMEN food consumption of pregnant women in Latvia 

FFQ food frequency questionnaire 
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FINDIET national dietary survey of Finland 

HELENA Healthy Lifestyle in Europe by Nutrition and Adolescence study 

holoTC holotranscobalamin 

holoTCn normalised holotranscobalamin concentration 

I
2
 heterogeneity index 

IF intrinsic factor 

INCA étude Individuelle Nationale de Consommations Alimentaires 

INRAN-SCAI Istituto Nazionale di Ricerca per gli Alimenti e la Nutrizione – Studio 

sui Consumi Alimentari in Italia 

IOM US Institute of Medicine of the National Academy of Sciences 

LOD limit of detection 

LRNI Lower Reference Nutrient Intake 

LTI Lowest Threshold Intake 

MCV mean corpuscular volume 

MeCbl methylcobalamin 

5-methyl-THF 5-methyl-tetrahydrofolate 

MMA methylmalonic acid 

MMAn normalised methylmalonic acid concentration 

mRNA messenger ribonucleic acid 

n sample size 

NANS National Adult Nutrition Survey 

NDNS National Diet and Nutrition Survey 

NHANES National Health and Nutrition Examination Survey 

NNR Nordic Nutrition Recommendations 

NWSSP Nutrition and Wellbeing of Secondary School Pupils 

OHCbl hydroxocobalamin 

PRI Population Reference Intake 

Q1 1
st
 quintile 
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Q5 5
th
 quintile 

r correlation coefficient 

RCT randomised controlled trial 

RDA Recommended Dietary Allowance 

RNI Reference Nutrient Intake 

ROC receiver operating characteristics 

RR relative risk 

SAM S-adenosyl-methionine 

SCF Scientific Committee for Food 

SD standard deviation 

TCblR transcobalamin receptor 

TC transcobalamin 

THF tetrahydrofolate 

tHcy total homocysteine 

tHcyn normalised total homocysteine concentration 

UK United Kingdom 
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