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Smith, Warren et al. (2018), see Figure 4 in the Thesis.



hypotonia
development delay

anemia/cytopenia

abnormal 
movements

diarrhea
rash or ulcer

reduced activity

apneas
spells of absence

seizures

tremor

irritability

abnormal eye 
contact

hypersomnia

feeding difficulties
regurgitations

Private photo



Private photo



Private photo



Private photo, vessel created with BioRender.com

methionine 
synthase B12

homocysteine

methionine

homocysteine

homocysteine



Private photo



Jadhav et al. 1962
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• How common is symptomatic vitamin B12 
deficiency in infants?

• What are the symptoms?
• What are the risk factors?
• Can we predict it with newborn screening?
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Explorative prospective observational study

252 infants 3-7 months

Paper 1
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• 46% S-tHcy>8 µmol/L

• Associations between S-tHcy>8 µmol/L and 
tremor, parent-reported excessive sleep

• 10% had clinically relevant S-tHcy>8 µmol/L 
suggesting B12 deficiency

Paper 1



• Exclusive breastfeeding increased the odds 
three times for tHcy >8 μmol/L

• No increased risk for tHcy >8 μmol/L for 
infants born preterm or small for gestational 
age 

Paper 1



• Retrospective case-control study
• 85 cases
• 252 controls

Paper 2



Age in months at 
symptom 
presentation

Figure 2 in Paper 2



Table 4 in Paper 2.
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Paper 2 

• No vegetarian mothers
• 25% reported earlier B12 deficiency
• Dose of nitrous oxide associated with tHcy 

and MMA at diagnosis
• Earlier referral age when the mother received 

nitrous oxide
• Exclusive breastfeeding a risk factor



Figure 5 in Paper 2. Photos private.
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Paper 3

• Retrospective case-control study
• 85 cases, 252 clinical controls, 

and 400 dry-blood-spot-controls



Paper 3

• B12 deficient infants had higher markers of 
B12 deficiency at newborn screening

• The dose of nitrous oxide to the mother in 
labor was the strongest predictor for total 
homocysteine

B12 deficient infants

Controls



Paper 4

• Retrospective case-control study
• 70 clinical cases, 646 matched 

controls and 434 un-matched 
controls



• Newborn screening failed to identify over 
90% of infants with symptomatic B12 
deficiency

Paper 4

Symptomatic B12 
deficient infants

Controls



Vitamin B12 deficiency is common in infants



Vitamin B12 deficiency may present with serious, 
potentially life-threatening symptoms like spells of 
apneas and seizures



Nitrous oxide to the mother during labor may be a 
risk factor for infant B12 deficiency



Symptomatic infant B12 deficiency was missed on 
newborn screening in 90% of cases
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Thank you for you attention!


