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Running title: Antenatal Vitamin B12 deficiency, not to be missed



Abstract 

Vegetarianism and veganism are increasingly popular.  However, veganism risks development of vitamin B12 deficiency as it is not available from plant sources. Moreover, its impact may be slow to be detected because body stores of vitamin B12 can last years. There is currently no UK guidance on antenatal diagnosis and management of vitamin B12 deficiency. 
This paper reviews the metabolism, diagnosis and treatment of vitamin B12 in pregnancy. It concludes that prophylactic vitamin B12 supplementation should be given to high risk groups around the time of pregnancy.
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Methods of literature review
Literature searches were carried out using EMBASE, Medline, CINAHL and PubMed. 
To maximise retrieval of relevant articles, alternative terms were drawn from the literature, for use in the search strategy. Truncation was employed to capture a range of terms during the text word searching. Alternative spellings were also taken into account. In addition, both text word and MeSH searches were performed. Results were limited to articles published in English. 

 The problem under investigation was broadly identified using the keywords pernicious anaemia, megaloblastic anaemia, B12 deficiency and cobalamin deficiency. The terms pregnancy, maternal, neonatal, foetal, newborn, infant, and variations of these terms, were used to demarcate the population. The search results were narrowed by focusing on; 
· nutrition or diet, with the key words cyanocobalamin, B12 supplement, nutrition, diet, vegan and vegetarian being employed 
· diagnosis or screening, with the terms antiparietal cell antibody test, cobalamin test or Schilling Test being used.
The extent of the literature search was restricted by excluding; 
· publications prior to 2015 (unless a key paper) 
· case reports
· papers related to disorders of cobalamin metabolism

Metabolism and function of Vitamin B12
Vitamin B12 and folate are essential micronutrients required for the synthesis of DNA, proteins and lipids, in a series of cellular reactions collectively known as one-carbon metabolism[endnoteRef:1]. Therefore, deficiency of vitamin B12 may lead to disruption of DNA and cell metabolism with serious clinical consequences[endnoteRef:2]. [1:  Finer S, Saravanan P, Hitman G, Yajnik C. The role of the one‐carbon cycle in the developmental origins of Type 2 diabetes and obesity. Diabetic medicine. 2014 Mar;31(3):263-72.]  [2:  Green R, Allen LH, Bjørke-Monsen AL, Brito A, Guéant JL, Miller JW, Molloy AM, Nexo E, Stabler S, Toh BH, Ueland PM. Vitamin B 12 deficiency. Nature reviews Disease primers. 2017 Jun 29;3(1):1-20.] 

In serum, vitamin B12 exists in 2 bound forms. It can be bound to haptocorrin as holo-haptocorrin or to transcobalamin as holo-transcobalamin (holo TC). 
Holohaptocorrin accounts for 80-94% of endogenous plasma vitamin B12. Holo-transcobalamin on the other hand accounts for 6-20% of bound vitamin B12. It is synthesised in enterocytes and, through receptor mediated endocytosis is responsible for uptake of vitamin B12 from the ileum into the blood as well as into other cells. 

Intrinsic factor is a protein, produced by the parietal cells of the cardiac and fundic mucosa of the stomach. It binds vitamin B12 to allow its absorption through the gastrointestinal tract, by way of a receptor on the intrinsic factor that is specific to cells at the terminal ileum. Resection or disease of the gastric mucosa or terminal ileum leads to vitamin B12 deficiency as a result of malabsorption. Pernicious anaemia is an autoimmune disease with atrophy of the gastric mucosa of the body and fundus of the stomach. This reduces the number of parietal cells that produce the intrinsic factor necessary for absorption of vitamin B12. 

Vitamin B12 is synthesised by certain bacteria in the gastrointestinal tract of animals and is then absorbed by the host animal. Vitamin B12 is concentrated in animal tissues, hence vitamin B12 is found only in foods of animal origin[endnoteRef:3]. There are no naturally occurring bioactive forms of vitamin B12 from plant sources.  [3:  Heyssel RM, Bozian RC, Darby WJ, Bell MC. Vitamin B12 turnover in man. The assimilation of vitamin B12 from natural foodstuff by man and estimates of minimal daily dietary requirements. American Journal of Clinical Nutrition. 1966;18:176-84.] 


Excessive vitamin B12 in the circulation such as after injections usually exceeds the binding capacity of transcobalamin and is excreted in the urine. It is known that the total amount of vitamin B12 that is absorbed increases with vitamin B12 intake but that the percentage absorption decreases with increasing doses[endnoteRef:4]. [4:  Institute of Medicine (US) Standing Committee on the Scientific Evaluation of Dietary Reference Intakes. Uses of Dietary Reference Intakes. InDietary reference intakes for thiamin, riboflavin, niacin, vitamin B6, folate, vitamin B12, pantothenic acid, biotin, and choline 1998. National Academies Press (US).] 


Causes and symptoms of B12 deficiency
The primary causes of vitamin B12 deficiency are low intake and malabsorptive disorders, commoner causes of which include pernicious anaemia, achlorhydria, ileal damage or gastric bypass[endnoteRef:5].  In well-nourished women, body stores of vitamin B12 are adequate to meet foetal needs during gestation[endnoteRef:6].   Re-methylation disorders (RMD) are inherited metabolic diseases that have similar effects to dietary insufficiency. They are characterized by impaired conversion of homocysteine back to methionine. The biochemical hallmarks of these diseases are elevated plasma total homocysteine (tHcy) with decreased to low normal methionine and S-adenosylmethionine. Folate is also involved in one-carbon transfer reactions essential for the synthesis of purines and pyrimidines. It also acts in conjunction with cobalamin (vitamin B12) as a fundamental cofactor in the remethylation cycle that converts homocysteine to methionine. Therefore folate deficiency can mimic and exacerbate B12 deficiency. [5:  Allen LH. Causes of vitamin B12 and folate deficiency. Food and nutrition bulletin. 2008 Jun;29(2_suppl1):S20-34]  [6:  Allen LH. Vitamin B 12 metabolism and status during pregnancy, lactation and infancy. InNutrient regulation during pregnancy, lactation, and infant growth 1994 (pp. 173-186). Springer, Boston, MA.] 


Symptoms of vitamin B12 deficiency are haematological, neurological and cognitive, including megaloblastic anaemia, tingling and numbness of the extremities, gait abnormalities, visual disturbances, memory loss and dementia[endnoteRef:7]. Because of reabsorption from bile during enterohepatic circulation, adults starting with adequate stores and normal absorption may tolerate a vitamin B12 deficient diet or mal-absorptive disorder for years before developing clinical symptoms of deficiency[endnoteRef:8].    Furthermore, folic acid fortification or supplementation with >1 mg/day may ‘mask’ clinical symptoms of vitamin B12 deficiency such as anaemia by exogenously replacing the folate trapped in the form of 5-methyltetrahydrofolate, unable to be de-methylated in the absence of B12-dependent methionine synthase[endnoteRef:9]. [7:  https://www.evidence.nhs.uk/search?q=vitamin+B12+in+pregnancy]  [8:  Dror DK, Allen LH. Interventions with vitamins B6, B12 and C in pregnancy. Paediatric and perinatal epidemiology. 2012 Jul;26:55-74.]  [9:  Bailey LB, da Silva V, West AA, Caudill MA. 11 Folate. Handbook of Vitamins. 2013 Jul 29:421.] 


B12 in pregnancy
Vitamin B12 is concentrated in the placenta and transferred to the foetus down a concentration gradient, with new-born vitamin B12 concentrations approximately double those of the mother. There is some evidence of increased B12 absorption during pregnancy, with newly absorbed vitamin B12 being more important to placental transport than maternal liver stores[endnoteRef:10]. However, cobalamin absorption remains unchanged during normal pregnancy, as judged by the CobaSorb test[endnoteRef:11].  Postpartum, vitamin B12 concentrations spontaneously recover to pre-conceptional values[endnoteRef:12]  [endnoteRef:13]. [10:  Luhby AL. Observations on transfer of vitamin B_< 12> from mother to fetus and newborn. Am J Dis Child. 1958;96:532-3.]  [11:  Greibe E, Andreasen BH, Lildballe DL, Morkbak AL, Hvas AM, Nexo E. Uptake of cobalamin and markers of cobalamin status: a longitudinal study of healthy pregnant women. Clinical chemistry and laboratory medicine. 2011 Nov 1;49(11):1877-82.]  [12:  Milman N, Byg KE, Bergholt T, Eriksen L, Hvas AM. Cobalamin status during normal pregnancy and postpartum: a longitudinal study comprising 406 Danish women. European journal of haematology. 2006 Jun;76(6):521-5.]  [13:  Morkbak AL, Hvas AM, Milman N, Nexo E. Holotranscobalamin remains unchanged during pregnancy. Longitudinal changes of cobalamins and their binding proteins during pregnancy and postpartum. Haematologica. 2007 Dec 1;92(12):1711-2.] 


Serum vitamin B12 concentration declines during pregnancy particularly in multiple pregnancies. A progressive decline in B12 status initially decreases the level of holo-transcobalamin in the circulation. Subsequently, tissue stores of B12 are used and begin to diminish, leading to impaired performance of B12-dependent pathways and elevations in serum concentrations of the metabolites tHcy and MMA[endnoteRef:14]. Proposed explanations for the reduction in serum vitamin B12 are haemo-dilution, transportation to the foetus, and redistribution of cobalamin. Serum vitamin B12 concentrations during pregnancy decline more than can be accounted for by hemo-dilution[endnoteRef:15],[endnoteRef:16],[endnoteRef:17]. A concomitant increase in erythrocyte cobalamin has been observed and decrease in saturation of cobalamin binding serum proteins suggests a redistribution of cobalamin during pregnancy[endnoteRef:18],[endnoteRef:19].      [14:  Bondevik GT, Schneede J, Refsum H, Lie RT, Ulstein M, Kvåle G. Homocysteine and methylmalonic acid levels in pregnant Nepali women. Should cobalamin supplementation be considered?. European journal of clinical nutrition. 2001 Oct;55(10):856-64.]  [15:  Metz J, McGrath K, Bennett M, Hyland K, Bottiglieri T. Biochemical indices of vitamin B12 nutrition in pregnant patients with subnormal serum vitamin B12 levels. American journal of hematology. 1995 Apr;48(4):251-5.]  [16:  Morkbak AL, Poulsen SS, Nexo E. Haptocorrin in humans. Clinical Chemical Laboratory Medicine. 2007 Dec 1;45(12):1751-9.]  [17:  Metz J, McGrath K, Bennett M, Hyland K, Bottiglieri T. Biochemical indices of vitamin B12 nutrition in pregnant patients with subnormal serum vitamin B12 levels. American journal of hematology. 1995 Apr;48(4):251-5.]  [18:  Koebnick C, Heins UA, Dagnelie PC, Wickramasinghe SN, Ratnayaka ID, Hothorn T, Pfahlberg AB, Hoffmann I, Lindemans J, Leitzmann C. Longitudinal concentrations of vitamin B12 and vitamin B12-binding proteins during uncomplicated pregnancy. Clinical Chemistry. 2002 Jun 1;48(6):928-33.]  [19:  Greibe E, Andreasen BH, Lildballe DL, Morkbak AL, Hvas AM, Nexo E. Uptake of cobalamin and markers of cobalamin status: a longitudinal study of healthy pregnant women. Clinical chemistry and laboratory medicine. 2011 Nov 1;49(11):1877-82.] 


The total requirement of the foetus during pregnancy is estimated to be 50μg, while maternal stores in women with mixed diet are estimated at >1000μg[endnoteRef:20]. Therefore, in well-nourished women, body stores of vitamin B12 are adequate to meet foetal needs during gestation and cobalamin deficiency in pregnancy is far less common than folate deficiency[endnoteRef:21].  [20:  Recommendations NN. Nordic nutrition recommendations. Integrating nutrition and physical activity. København: Nordic Council of Ministers. 2004.]  [21:  Dror DK, Allen LH. Interventions with vitamins B6, B12 and C in pregnancy. Paediatric and perinatal epidemiology. 2012 Jul;26:55-74.] 

The recommended daily allowance for B12 increases during pregnancy from 2.4 to 6.0 μg /day.

Vitamin B12 concentrations are lower in the breast milk of mothers with deficient or marginal serum vitamin B12 status than in mothers with adequate status, though results from several studies suggest that maternal intake is a stronger predictor of breast milk vitamin B12 concentration than maternal status[endnoteRef:22], [endnoteRef:23].     [22:  Duggan C, Srinivasan K, Thomas T, Samuel T, Rajendran R, Muthayya S, Finkelstein JL, Lukose A, Fawzi W, Allen LH, Bosch RJ. Vitamin B-12 supplementation during pregnancy and early lactation increases maternal, breast milk, and infant measures of vitamin B-12 status. The Journal of nutrition. 2014 May 1;144(5):758-64.]  [23:  Hay G, Johnston C, Whitelaw A, Trygg K, Refsum H. Folate and cobalamin status in relation to breastfeeding and weaning in healthy infants. The American journal of clinical nutrition. 2008 Jul 1;88(1):105-14.] 

Diagnosis
There is a lack of consensus about the cut-off values that should be used to diagnose deficiency both in pregnant and non-pregnant states. Cells can only take up vitamin B12 in the holoTC form.  Measurement of holoTC is considered more reflective of vitamin B12 status than measurement of total vitamin B12 or holohaptocorrin alone[endnoteRef:24]. The British Society of Haematology guidelines recommend that reference ranges for holoTC can either be based on manufacturers’ reference ranges or determined by the individual laboratory doing the test[endnoteRef:25].  [24:  https://www.nice.org.uk/advice/mib40/chapter/Technology-overview (accessed July 2020)]  [25:  Devalia V, Hamilton MS, Molloy AM, British Committee for Standards in Haematology. Guidelines for the diagnosis and treatment of cobalamin and folate disorders. British journal of haematology. 2014 Aug;166(4):496-513.] 


The prevalence of vitamin B12 deficiency in pregnancy is difficult to quantify given the physiological decline in serum vitamin B12 concentration throughout gestation. The moderate increases observed in the cobalamin biomarker, MMA, during pregnancy may indicate a functional depletion in intracellular cobalamins status[endnoteRef:26]. [26:  Murphy MM, Molloy AM, Ueland PM, Fernandez-Ballart JD, Schneede J, Arija V, Scott JM. Longitudinal study of the effect of pregnancy on maternal and fetal cobalamin status in healthy women and their offspring. The Journal of nutrition. 2007 Aug 1;137(8):1863-7.] 

Because serum B12 assays provide an estimate of total B12 rather than direct evidence of metabolic utilisation, it is not possible to confidently exclude B12 deficiency when results fall in the indeterminate range of 125–250 pmol/L. The lower serum B12 cut-off for diagnosing B12 deficiency is typically set at ∼148 pmol/L (200 ng/L)[endnoteRef:27]. [27:  Snow CF. Laboratory diagnosis of vitamin B12 and folate deficiency: a guide for the primary care physician. Archives of internal medicine. 1999 Jun 28;159(12):1289-98.] 


Serum concentrations of homocysteine (Hcy) and methylmalonic acid (MMA) become
increased in B12-deficient subjects and are therefore, considered specific markers of B12
deficiency[endnoteRef:28]. But in pregnancy, despite depressed vitamin B12 concentrations, homocysteine, and methylmalonic acid levels may not be elevated as would be expected in vitamin B12 deficiency [endnoteRef:29].  [28:  Kalay Z, Islek A, Parlak M, Kirecci A, Guney O, Koklu E, Kalay S. Reliable and powerful laboratory markers of cobalamin deficiency in the newborn: plasma and urinary methylmalonic acid. The Journal of Maternal-Fetal & Neonatal Medicine. 2016 Jan 2;29(1):60-3.]  [29:  Cikot RJ, Steegers-Theunissen RP, Thomas CM, de Boo TM, Merkus HM, Steegers EA. Longitudinal vitamin and homocysteine levels in normal pregnancy. British Journal of Nutrition. 2001 Jan;85(1):49-58.] 


Serum level of holotranscobalamin (holoTC) becomes decreased before the
development of the metabolic dysfunction[endnoteRef:30]. Measurement of both holo TC and total B12 therefore provides a better screen for vitamin B12 deficiency than either assay alone[endnoteRef:31]. [30:  Herrmann, W., Obeid, R., Schorr, H. and Geisel, J., 2005. The usefulness of holotranscobalamin in predicting vitamin B12 status in different clinical settings. Current drug metabolism, 6(1), pp.47-53.]  [31:  Miller JW, Garrod MG, Rockwood AL, Kushnir MM, Allen LH, Haan MN, Green R. Measurement of total vitamin B12 and holotranscobalamin, singly and in combination, in screening for metabolic vitamin B12 deficiency. Clinical chemistry. 2006 Feb 1;52(2):278-85.] 


Several authors have recommended new-born screening to identify moderate and severe cases of vitamin B12 deficiency because it is feasible and effective [endnoteRef:32],[endnoteRef:33],[endnoteRef:34],[endnoteRef:35],[endnoteRef:36],[endnoteRef:37]. Others have argued that there is not a sufficiently reliable test to implement screening widely[endnoteRef:38]. To date the UK National Screening Committee (UK NSC) has not considered a national screening programme for vitamin B12 deficiency[endnoteRef:39]. [32:  Gramer G, Fang-Hoffmann J, Feyh P, Klinke G, Monostori P, Mütze U, Posset R, Weiss KH, Hoffmann GF, Okun JG. Newborn screening for vitamin B12 deficiency in Germany—Strategies, results, and public health implications. The Journal of Pediatrics. 2020 Jan 1;216:165-72.]  [33:  Fuentes IP, Castro-Vega I, Machado MJ, Macías RY. Maternal and neonatal B12 deficiency detected through newborn screening in southern Spain. Clinica Chimica Acta. 2019 Jun 1;493:S599.]  [34:  Fadilah A, Musson R, Mordekar SR. Acquired vitamin B12 deficiency in infancy. Journal of Pediatric Neurology. 2019 Dec;17(06):213-8.]  [35:  Fadilah A, Musson R, Ong MT, Desurkar AV, Mordekar SR. Vitamin B12 deficiency in infants secondary to maternal deficiency: A case series of seven infants. European Journal of Paediatric Neurology. 2017 Jun 1;21:e3.]  [36:  Hawthorne S, Levy HL. Can Newborn Screening for Vitamin B12 Deficiency be Incorporated into All Newborn Screening Programs?. The Journal of pediatrics. 2020 Jan 1;216:9-11.]  [37:  Scolamiero E, Villani GR, Ingenito L, Pecce R, Albano L, Caterino M, di Girolamo MG, Di Stefano C, Franzese I, Gallo G, Ruoppolo M. Maternal vitamin B12 deficiency detected in expanded newborn screening. Clinical biochemistry. 2014 Dec 1;47(18):312-7.]  [38:  Singh G, Le D, Schnabl K, Leaker MT, Steele M, Sparkes RL. Vitamin B12 deficiency in infancy: the case for screening. Pediatric Blood & Cancer. 2016 Apr;63(4):740-2.]  [39:  Personal correspondence July 2020] 

Prevalence of B12 deficiency in pregnancy

Pregnant and lactating women following vegetarian or vegan diets (including those in developing regions of the world with poor access to animal source foods) are at high risk of deficiency due to the increased metabolic demand for vitamin B12 and require adequate intake of vitamin B12-containing foods or supplements[endnoteRef:40]. [40:  Allen LH. Causes of vitamin B12 and folate deficiency. Food and nutrition bulletin. 2008 Jun;29(2_suppl1):S20-34.] 

About 1 in 20 women may be deficient in B12 in early pregnancy[endnoteRef:41]. In a south-eastern region of Turkey, B12 deficiency (<160 pg/ml) was reported in 72% of the mothers and 41% of the babies, and severe deficiency (<120 pg/ml) in 48% of the mothers and 23% of the babies [endnoteRef:42]. In their review of literature relating to prevalence of B12 deficiency, Pawlak et al found a deficiency range of 0–86.5% amongst adults and the elderly, up to 45% amongst infants, 0-33.3% in children or adolescents and 17 to 39%, amongst pregnant women dependent on the trimester[endnoteRef:43]. Women who have undergone bariatric surgery are particularly at risk[endnoteRef:44]. [41:  Ray JG, Goodman J, O'Mahoney PR, Mamdani MM, Jiang D. High rate of maternal vitamin B12 deficiency nearly a decade after Canadian folic acid flour fortification. QJM: An International Journal of Medicine. 2008 Jun 1;101(6):475-7.]  [42:  Koc A, Kocyigit A, Soran M, Demir N, Sevinc E, Erel O, Mil Z. High frequency of maternal vitamin B 12 deficiency as an important cause of infantile vitamin B 12 deficiency in Sanliurfa province of Turkey. European journal of nutrition. 2006 Aug 1;45(5):291-7.]  [43:  Pawlak R, Lester SE, Babatunde T. The prevalence of cobalamin deficiency among vegetarians assessed by serum vitamin B12: a review of literature. European journal of clinical nutrition. 2014 May;68(5):541-8.]  [44:  Mead NC, Sakkatos P, Sakellaropoulos GC, Adonakis GL, Alexandrides TK, Kalfarentzos F. Pregnancy outcomes and nutritional indices after 3 types of bariatric surgery performed at a single institution. Surgery for Obesity and Related Diseases. 2014 Nov 1;10(6):1166-73.] 


Impact of B12 deficiency in pregnancy and the neonatal period
It is important to diagnose and treat antenatal vitamin B12 deficiency because it has been associated with increased risk of neural tube defect[endnoteRef:45], [endnoteRef:46],[endnoteRef:47], low lean mass and excess adiposity[endnoteRef:48],[endnoteRef:49], increased insulin resistance[endnoteRef:50],[endnoteRef:51],[endnoteRef:52] susceptibility to chronic disease[endnoteRef:53], intrauterine growth retardation[endnoteRef:54], [endnoteRef:55],[endnoteRef:56]  and reduced auditory and visual evoked response[endnoteRef:57]. Low serum folate and vitamin B12 have been associated with pre-eclampsia [endnoteRef:58], [endnoteRef:59]. [45:  Nasri K, Ben Fradj MK, Touati A, Aloui M, Ben Jemaa N, Masmoudi A, Elmay MV, Omar S, Feki M, Kaabechi N, Marrakchi R. Association of maternal homocysteine and vitamins status with the risk of neural tube defects in Tunisia: a case–control study. Birth Defects Research Part A: Clinical and Molecular Teratology. 2015 Dec;103(12):1011-20.]  [46:  Peker E, Demir N, Tuncer O, Üstyol L, Balahoroğlu R, Kaba S, Karaman K. The levels of vitam ı n B12, folate and homocysteine in mothers and their babies with neural tube defects. The Journal of Maternal-Fetal & Neonatal Medicine. 2016 Sep 16;29(18):2944-8.]  [47:  Serin HM, Arslan EA. Neurological symptoms of vitamin B12 deficiency: analysis of pediatric patients. Acta Clinica Croatica. 2019 Jun;58(2):295.]  [48:  Horan MK, McGowan CA, Gibney ER, Donnelly JM, McAuliffe FM. The association between maternal dietary micronutrient intake and neonatal anthropometry–secondary analysis from the ROLO study. Nutrition journal. 2015 Dec;14(1):105.]  [49:  Adaikalakoteswari A, Vatish M, Alam MT, Ott S, Kumar S, Saravanan P. Low Vitamin B12 in Pregnancy Is Associated With Adipose-Derived Circulating miRs Targeting PPAR γ and Insulin Resistance. The Journal of Clinical Endocrinology & Metabolism. 2017 Nov 1;102(11):4200-9.]  [50:  Finer S, Saravanan P, Hitman G, Yajnik C. The role of the one‐carbon cycle in the developmental origins of Type 2 diabetes and obesity. Diabetic medicine. 2014 Mar;31(3):263-72.]  [51:  Darendeliler F, Bas F, Bundak R, Coban A, Sancakli O, Eryilmaz SK, Kucukemre B, Disci R, Gokcay G, Aki S, Ince Z. Insulin resistance and body composition in preterm born children during prepubertal ages. Clinical endocrinology. 2008 May;68(5):773-9.]  [52:  Kouroglou E, Anagnostis P, Daponte A, Bargiota A. Vitamin B12 insufficiency is associated with increased risk of gestational diabetes mellitus: a systematic review and meta-analysis.]  [53:  Rush EC, Katre P, Yajnik CS. Vitamin B12: one carbon metabolism, fetal growth and programming for chronic disease. European journal of clinical nutrition. 2014 Jan;68(1):2-7.]  [54:  Nasri K, Ben Fradj MK, Touati A, Aloui M, Ben Jemaa N, Masmoudi A, Elmay MV, Omar S, Feki M, Kaabechi N, Marrakchi R. Association of maternal homocysteine and vitamins status with the risk of neural tube defects in Tunisia: a case–control study. Birth Defects Research Part A: Clinical and Molecular Teratology. 2015 Dec;103(12):1011-20.]  [55:  Bicakci Z. Growth retardation, general hypotonia, and loss of acquired neuromotor skills in the infants of mothers with cobalamin deficiency and the possible role of succinyl-CoA and glycine in the pathogenesis. Medicine. 2015 Mar;94(9).]  [56:  Muthayya S, Kurpad AV, Duggan CP, Bosch RJ, Dwarkanath P, Mhaskar A, Mhaskar R, Thomas A, Vaz M, Bhat S, Fawzi WW. Low maternal vitamin B 12 status is associated with intrauterine growth retardation in urban South Indians. European journal of clinical nutrition. 2006 Jun;60(6):791-801.]  [57:  Demir N, Koc A, Abuhandan M, Calik M, İŞCAN A. Visual and brainstem auditory evoked potentials in infants withsevere vitamin B12 deficiency. Turkish journal of medical sciences. 2015 Nov 26;45(6):1274-9.]  [58:  Shahbazian N, Jafari RM, Haghnia S. The evaluation of serum homocysteine, folic acid, and vitamin B12 in patients complicated with preeclampsia. Electronic physician. 2016 Oct;8(10):3057.]  [59:  Shahbazian N, Jafari RM, Haghnia S. The evaluation of serum homocysteine, folic acid, and vitamin B12 in patients complicated with preeclampsia. Electronic physician. 2016 Oct;8(10):3057.] 

Overall, the mechanisms of B12 action in development remain unclear[endnoteRef:60],[endnoteRef:61]. Low B12 levels in pregnancy alter adipose-derived circulating microRNAs, which may mediate an adipogenic and Insulin Resistant (IR) phenotype, leading to obesity[endnoteRef:62] [endnoteRef:63].   [60:  Dror DK, Allen LH. Effect of vitamin B12 deficiency on neurodevelopment in infants: current knowledge and possible mechanisms. Nutrition reviews. 2008 May 1;66(5):250-5.]  [61:  Pepper MR, Black MM. B12 in fetal development. InSeminars in cell & developmental biology 2011 Aug 1 (Vol. 22, No. 6, pp. 619-623). Academic Press.]  [62:  Frenkel EP, Yardley DA. Clinical and laboratory features and sequelae of deficiency of folic acid (folate) and vitamin B12 (cobalamin) in pregnancy and gynecology. Hematology/oncology clinics of North America. 2000 Oct 1;14(5):1079-100.]  [63:  Adaikalakoteswari A, Vatish M, Alam MT, Ott S, Kumar S, Saravanan P. Low Vitamin B12 in Pregnancy Is Associated With Adipose-Derived Circulating miRs Targeting PPAR γ and Insulin Resistance. The Journal of Clinical Endocrinology & Metabolism. 2017 Nov 1;102(11):4200-9.] 

Growth retardation, general hypotonia, and loss of neuromotor skills have been described in infants of mothers with cobalamin deficiency[endnoteRef:64].  Skin and mucosal changes seen in infants resolve with B12 replacement[endnoteRef:65]. Exclusively breastfed infants can become B12 deficient especially if the mother has low B12 status[endnoteRef:66],[endnoteRef:67].   [64:  Bicakci Z. Growth retardation, general hypotonia, and loss of acquired neuromotor skills in the infants of mothers with cobalamin deficiency and the possible role of succinyl-CoA and glycine in the pathogenesis. Medicine. 2015 Mar;94(9).]  [65:  Kaur S, Goraya JS. Dermatologic findings of vitamin B12 deficiency in infants. Pediatric Dermatology. 2018 Nov;35(6):796-9.]  [66:  Hay G, Johnston C, Whitelaw A, Trygg K, Refsum H. Folate and cobalamin status in relation to breastfeeding and weaning in healthy infants. The American journal of clinical nutrition. 2008 Jul 1;88(1):105-14.]  [67:  Hoey H, Linnell JC, Oberholzer VG, Laurance BM. Vitamin B12 deficiency in a breastfed infant of a mother with pernicious anaemia. Journal of the Royal Society of Medicine. 1982 Aug;75(8):656.] 


In addition, if early vitamin B12 deficiency is not recognised and promptly corrected, the neuropsychiatric conditions can progress and become irreversible in one to three years[endnoteRef:68]. Lower prenatal meat consumption has been associated with increased risks of adolescent substance misuse with cobalamin deficiency implicated as the important factor.[endnoteRef:69] [68:  Glew RH, McCarthy DM, Vanderjagt DJ. Vitamin B12 deficiency: Is it underestimated in pregnant women?. Acta obstetricia et gynecologica Scandinavica. 2006 Jan 1;85(2):241-2]  [69:  Hibbeln JR, SanGiovanni JP, Golding J, Emmett PM, Northstone K, Davis JM, Schuckit M, Heron J. Meat consumption during pregnancy and substance misuse among adolescent offspring: Stratification of TCN2 genetic variants. Alcoholism: Clinical and Experimental Research. 2017 Nov;41(11):1928-37.] 

A greater risk during adulthood of metabolic disorders and chronic illnesses has also been demonstrated[endnoteRef:70] [endnoteRef:71] [endnoteRef:72].   [70:  Saravanan P, Yajnik CS. Role of maternal vitamin B12 on the metabolic health of the offspring: a contributor to the diabetes epidemic?. The British Journal of Diabetes & Vascular Disease. 2010 May;10(3):109-14.]  [71:  Finer S, Saravanan P, Hitman G, Yajnik C. The role of the one‐carbon cycle in the developmental origins of Type 2 diabetes and obesity. Diabetic medicine. 2014 Mar;31(3):263-72.]  [72:  Rush EC, Katre P, Yajnik CS. Vitamin B12: one carbon metabolism, fetal growth and programming for chronic disease. European journal of clinical nutrition. 2014 Jan;68(1):2-7] 


In UK population B12 deficiency in pregnancy is common particularly in obese women and is independently associated with Gestational Diabetes Mellitus (GDM). It may contribute to macrosomia[endnoteRef:73]. If early pregnancy B12 status is found to be independently predictive of incident GDM, such findings could potentially offer simple interventions to improve the metabolic health of pregnant women and their offspring[endnoteRef:74]. [73:  Sukumar N, Venkataraman H, Wilson S, Goljan I, Selvamoni S, Patel V, Saravanan P. Vitamin B12 status among pregnant women in the UK and its association with obesity and gestational diabetes. Nutrients. 2016 Dec;8(12):768.]  [74:  Sukumar N, Venkataraman H, Wilson S, Goljan I, Selvamoni S, Patel V, Saravanan P. Vitamin B12 status among pregnant women in the UK and its association with obesity and gestational diabetes. Nutrients. 2016 Dec;8(12):768.] 

Treatment
The WHO and US National Institutes of Health (NIH) recommend a higher daily allowance of cobalamin in pregnant women than in non-pregnant women (2.6 vs 2.4 mg per day) to support foetal neurologic development[endnoteRef:75] [endnoteRef:76]. Treatment of cobalamin deficiency in pregnancy is similar to that outside of pregnancy and can be achieved through oral or parenteral replacement. When oral vitamin cobalamin 1000 mcg daily is used, serum levels should be monitored to ensure adequate repletion [endnoteRef:77],[endnoteRef:78]. [75:  WHO F. Vitamin and mineral requirements in human nutrition. World Health Organization and Food and Agriculture Organization of the United Nations: Geneva. 2004 Sep 21.]  [76:  National Institutes of Health. Office of Dietary Supplements. Vitamin D.]  [77:  Institute of Medicine (US) Standing Committee on the Scientific Evaluation of Dietary Reference Intakes. Uses of Dietary Reference Intakes. InDietary Reference Intakes for Thiamin, Riboflavin, Niacin, Vitamin B6, Folate, Vitamin B12, Pantothenic Acid, Biotin, and Choline 1998. National Academies Press (US).]  [78:  Institute of Medicine (US) Standing Committee on the Scientific Evaluation of Dietary Reference Intakes. Uses of Dietary Reference Intakes. InDietary Reference Intakes for Thiamin, Riboflavin, Niacin, Vitamin B6, Folate, Vitamin B12, Pantothenic Acid, Biotin, and Choline 1998. National Academies Press (US).] 

The British Society for Haematology (BSH) provides detailed guidelines on the treatment of vitamin B12 deficiency. Women at high risk or with known deficiency should be supplemented with vitamin B12 during pregnancy or while breastfeeding[endnoteRef:79] [endnoteRef:80] [endnoteRef:81]. It recommends that if testing for HoloTC is not available and there is presence of strong clinical suspicion, anti-intrinsic factor antibodies should be tested. If a low cobalamin result has been found in the presence of negative anti-IFAB,  with strong clinical suspicion of deficiency, it recommends three injections of hydroxocobalamin to cover the pregnancy, with serum cobalamin levels being checked 2 months post-partum to ensure resolution to normal levels[endnoteRef:82].  Supplementation in populations known to be at risk of dietary deficiency has been recommended[endnoteRef:83],[endnoteRef:84]. There is insufficient evidence of adverse outcomes to indicate a tolerable upper limit for vitamin B12 for the general population or for pregnant women. [79:  Langan RC, Zawistoski KJ. Update on vitamin B12 deficiency. American family physician. 2011 Jun 15;83(12):1425-30.]  [80:  Hinton CF, Ojodu JA, Fernhoff PM, Rasmussen SA, Scanlon KS, Hannon WH. Maternal and neonatal vitamin B12 deficiency detected through expanded newborn screening—United States, 2003–2007. The Journal of pediatrics. 2010 Jul 1;157(1):162-3.]  [81:  Bondevik GT, Schneede J, Refsum H, Lie RT, Ulstein M, Kvåle G. Homocysteine and methylmalonic acid levels in pregnant Nepali women. Should cobalamin supplementation be considered?. European journal of clinical nutrition. 2001 Oct;55(10):856-64.]  [82:  Vidal‐Alaball J, Butler C, Cannings‐John R, Goringe A, Hood K, McCaddon A, McDowell I, Papaioannou A. Oral vitamin B12 versus intramuscular vitamin B12 for vitamin B12 deficiency. Cochrane Database of Systematic Reviews. 2005(3).]  [83:  Williams AM, Chantry CJ, Young SL, Achando BS, Allen LH, Arnold BF, Colford Jr JM, Dentz HN, Hampel D, Kiprotich MC, Lin A. Vitamin B-12 concentrations in breast milk are low and are not associated with reported household hunger, recent animal-source food, or vitamin B-12 intake in women in rural Kenya. The Journal of nutrition. 2016 May 1;146(5):1125-31.]  [84:  Kvestad I, Hysing M, Shrestha M, Ulak M, Thorne-Lyman AL, Henjum S, Ueland PM, Midttun Ø, Fawzi W, Chandyo RK, Shrestha PS. Vitamin B-12 status in infancy is positively associated with development and cognitive functioning 5 y later in Nepalese children. The American Journal of Clinical Nutrition. 2017 May 1;105(5):1122-31.] 

Approximately 10% of the standard injectable dose of 1 mg is absorbed, which allows for rapid replacement in patients with severe deficiency or severe neurologic symptoms[endnoteRef:85]  If vitamin B12 deficiency coexists with folate deficiency, vitamin B12 should be replaced first to prevent subacute combined degeneration of the spinal cord[endnoteRef:86].  [85:  Stabler SP. Vitamin B12 deficiency. New England Journal of Medicine. 2013 Jan 10;368(2):149-60.]  [86:  Hunt A, Harrington D, Robinson S. Vitamin B12 deficiency. Bmj. 2014 Sep 4;349.] 


A 2005 Cochrane review involving 108 patients with vitamin B12 dietary deficiency found that high-dose oral replacement (1 mg to 2 mg per day) was as effective as parenteral administration for correcting anaemia and neurologic symptoms[endnoteRef:87]. [87:  Vidal‐Alaball J, Butler C, Cannings‐John R, Goringe A, Hood K, McCaddon A, McDowell I, Papaioannou A. Oral vitamin B12 versus intramuscular vitamin B12 for vitamin B12 deficiency. Cochrane Database of Systematic Reviews. 2005(3).] 


For patients who have had bariatric surgery, or other conditions that might interfere with intestinal absorption, sublingual cobalamin is an alternative to an oral form. In patients with neurological features attributable to cobalamin deficiency, parenteral treatment is preferred[endnoteRef:88]. [88:  Sharabi A, Cohen E, Sulkes J, Garty M. Replacement therapy for vitamin B12 deficiency: comparison between the sublingual and oral route. British journal of clinical pharmacology. 2003 Dec;56(6):635-8.] 


Conclusion

Vitamin B12 deficiency is a preventable cause of maternal and paediatric morbidity. With current change in dietary habits, this is a timely reminder of the pathophysiology of B12 deficiency that should help clinicians avoid missing cases and provide appropriate treatment. The UK NSC should consider adding vitamin B12 deficiency to antenatal and neonatal screening in high risk groups. In the interim national policy should be developed for prophylactic vitamin B12 supplementation in at risk groups around the time of pregnancy.
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