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History 

• 1824: 1st case pernicious anemia hypothesized to be 

linked to digestive system  

• 1934 Whipple, Minot and Murphey win Nobel 

Peace Prize for work on pernicious anemia 

treatment 

• 1948 Rickes and associates (USA) and Smith and 

Parker (England) independently isolate crystalline 

red pigment deemed B12 

• 1973 Chemical synthesis of  B12  
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Chemical Structure 

• Water soluble  

• 4 reduced pyrrole rings 

• Cobalt Containing 

– “Cobalamins”  

• Active forms/ Coenzyme 

– Methylcobalamin 

– 5-deoxyadenosylcobalamin 
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Forms 

• Supplements: 

– Cyanocobalamin 

– Hydroxycobalamin 

 

• Food: 

– Deoxyadenosyl 

– Methylcobalamin+ polypeptides 

 

– Silliman NFSC 440 Lecture 



Food Sources 

 

• Eggs 

• Meat 

• Milk/ milk products 

• Organ 

meats(liver/kidney) 

• Poultry 

• Shellfish 

 

 

 



What about Vegans/Vegetarians? 

• Deficiency takes years  

– <0.1% stores lost daily 

• Supplements need to be taken 

 

Silliman Lecture Notes NFSC 440 



DRI 

• EAR: 

– 1.5-2.0μg/d 

• RDA: 

– 1.8-2.4μg/d 

• No UL  



D

I

G

E

S

T

I

O

N

 

• Mouth: 
– Unbound B-12 abssorbed under tongue 

• Stomach: 
– Enzymes and acids hydrolyze protein-bound B-12 

– R-proteins attach  

– IF secreted 

• Upper small Intest 
– R-protein released and IF attaches B12 

• Lower small intestine 
– IF-B12 receptor on intestinal cell 

– Unbound B12 absorbed through passive diffusion 

• Intestinal cell 
– B12 attaches to Transcobalamin II 

• Blood 
– Transcobalamin II carries B12 through blood to tissues and to 

liver to be stored 
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What happens in a Deficiency? 

– Megabolastic Anemia 

– Loss of  balance 

– Numbness in the 

extremities 

– Weakness 

 

 

 

 

– Neurological disorders 

• Neuropathy 

• Memory impairment 

• Dementia 

• Depression 

• Brain atropy 

• Cerebrovascular disease 

 



Who is at risk 

1. The elderly 

– Most prevalent 

– Decreased absorption capability 

2. Infants 

3. People who have had gastrointestinal surgery 

4. People with digestive disorders 

– Celiacs 

– Crohn’s 



Functions 

• Red blood cell formation 

• Neurological  

• DNA synthesis 

• Cofactor for 

– Homocysteine ------- Methionine 

(methylcobalamin) 

– L-methylmalonyl CoA mutase 

(deoxyadenosylcobalamin) 

 



Functions 

 

B12 



2 Hypotheses to think about 

 



1. The methyl-

folate trap 

– B-12 deficiency 

causes hematologic 

and 

neuropsychiatric 

damage 

• Homocysteine 

methionine 

•    SAM  

– (CNS methyl 

donor) 

•    DNA synth 

•    RBC maturation 

 

X 

X 



2. The “masking effect” 

• Normally:  

– Folate circulates as 5-MTHF (converts while passing 

through intestinal mucosa 

• High dose Folate:  

– Unable to convert all THF  5-MTHF 

– “Cures” B-12 deficiency anemia 

– Causes rapid deterioration of  CNS fn 

• Unmetabolized folic acid may have stimulatory 

effect on DNA synth 



Folate and vitamin B-12 status in 

relation to anemia, macrocytosis, 

and cognitive impairment in older 

Americans in the age of  folic acid 

fortification 

Martha Savaria Morris, aul F Jacques, Irwin H 

Roenburg, and Jacob Selhub 

The American Journal of  Clinical Nutrition  

2007;85:193-200 



Folate Fortification Controversy 

• USDA requires fortification of  all enriched 

cereal-grain products 

1. Neural Tube Defect prevention 

2. Possible delay in diagnosis or worsen neurologic 

and neuropsychiatric effects of  B12 deficiency 

3. Declined absorption of  B12 in elderly and 

increased autoimmunity against IF or IF-producing 

parietal cells 



• But….. Case reports show folic acid alleviates 

pernicious anemia while precipitating or 

worsening neurologic or neuropsychiatric 

symptoms in seniors 

– Based on mistaken hypothesis that folic acid 

deficiency causes anemia 

– No proof  of  fortification having effect on CNS 

related symptoms 

• Does it cause harm? 

 

 



Hypothesis 

• Does high serum folate worsen the effects of  

vitamin B-12 deficiency? 

 



Objective 

• Examine the relationship between vitamin B-12 

status relative to anemia, macrocytosis, and 

cognitive impairment 

 

• Design 

– Cross-sectional design  

– Continuous data taken from NHANES study (1999-

2002) 



Variables 
• Independent: Serum folate and Vitamin B12 status 

• Dependent:  
1. Anemia 

2. Macrocytosis 

3. Cognitive impairment in seniors  

• Confounders 
– Age 

– Sex 

– Race/ethnicity 

– Education 

– Current smoking status 

– Alcohol intake 

– Self-reported history of  cancer 

– Serum concentrations: creatinine and ferritin 

• Others? 
– Family history Alzheimer’s/Dementia 

– Other blood disorders Hemophilia/Thrombosis  

 



Subjects 

• N=1458 anemia 

• N=1302 cognitive 

function 

• Seniors ≥60 yrs 

 

 

 

 

 

• Exclusion  

– Renal dysfunction 

– Recent anemia therapy 

– History of  stroke 

– Heavy alcohol 

consumption 

– Liver/kidney/coronary 

artery disease 

 



Methods 

• NHANES compiled from 2 years 

– Continuous compilation data taken annually 

– In-home interviews on computer system 

– Mobile examination for interview data 

– Blood collection 

• NHANES Phlebotomy Manual  

 



Methods 

• Assessments 

• Criteria defined by WHO 

• Anemia  

– Hgb: <12 g/dL (f) and <13g/dL (m) 

– Macrocytosis: ≥99fL Mean cell volume: 

• Cognitive function  

– Wechsler Adult Intelligence Scale III (more sensitive than Mini-

Mental State Exam) 

 

 

 



B12 and Folate Status Classification 

• Low B12 Status  

– Low serum B12: 148pmol/L        or 

– High MMA concentration:  ≥210nmol/L 

 

• Serum folate  

– Continuous variable 

– High serum folate status: >59nmol/L 



 

– Biochemical Measurements 

• Serum folate and B12 

– Quantaphase II Radioassay Kit 

• Serum methylmalonic acid (MMA) 

– Gas chrommatography 

• Serum homocysteine 

– >13μmol/L 

– Florescence polarization immunoassay kit 

• Serum ferritin 

– QuantaImmune Ferritin IRMA Kit 

• Serum creatinine 

– Based on Jaffe reaction 

• Serum glucose 

– Hexokinase enzymatic method 



Statistics 

• Data analysis: SUDAAN 9.0 

• 4y sampling weights 
– Account for complex design 

• p<0.05 statistically significant 

• Multivariate adjustment (unless otherwise stated) 

• SUDAAN PROC REGRESS, SUDAAN PROC 
CROSSTAB, and SUDAAN PROC RLOGIST 
– Examine subjects 

– Least-square means and proportions 

– Compare high vs. low Vit. B-12 status 

 
 

 



Table 1 

• High vs. normal serum folate to anemia and cog impairment 
– Full multivariate and basic models 

• Odds Ratios (95% CI) 
– Single variable with 4 levels created to summarize 

• Normal B12 status and OR 
– Female 1.6 

– Nonhispanic black 0.4 

– < HS diploma 1.5 

– Cigarette smoker 2.1 

– Suppl user 0.4 

– Macrocytosis 1.8 

– Anemia 2.7 

– Cognitive impairment 2.5 



Table 2 

• B12 and Folate status and Anemia OR 

– Norm B12 and Norm Folate 1.0 

– Norm B12 and High Folate 0.6 

– Low B12 and Normal Folate 2.0 

– Low B12 and High Folate 5.2 

• B12 and Folate status and Cognitive Impairment OR 

– Norm B12 and Norm Folate 1.0 

– Norm B12 and High Folate 0.5 

– Low B12 and Normal Folate 1.9 

– Low B12 and High Folate 4.9 

 



• Quartiles for self-reported B-12 intake 

– Plotted least-square geometric mean serum folate for 

serum B-12 quartile categories 
<271pmol/L 

271-366 pmol/L 

367-484 pmol/L 

>481 pmol/L 



Limitations 

• Study design 
– More rigorous, placebo-controlled trial may be considered to be 

unethical 

• Self-reported data 

• Actual sample with low/normal B12 (Table 1) 

• No “gold standard” indicator of  Low B-12 status 

• Cognitive Function test administered was nonspecific to 
cognitive impairment 
– Unable to compare folate status with other neuropsychiatric 

effects 

• Only serum total folate was measured  
– Associations cannot be definitively linked to unmetabolized 

folic acid 



Conclusion 

• Folate supplementation in older Americans with 

low B-12 status increased anemia and cognitive 

impairment 

– Macrocytosis failed to meet significance 



Study Implications 

• Seniors who are taking folic acid supplements 

should be regularly tested for Vitamin B-12 

deficiency.  Signs of  decreased mental cognition 

and anemia of  these individuals should be 

monitored closely. 

 

 

 



Follow-up Study 

• Objective: To examine the effectiveness of  
Vitamin B-12 supplementation to cure anemia and 
reverse cognitive impairment  

• Design: 2 year, randomized, double-blind, placebo 
controlled, cross-over trial 

• Subjects:  

– Seniors recruited from long-term care facilities and 
hospitals and using advertisement in newspapers and on 
fliers 

– n≥ 500 



Methods 

• Baseline: 

– Dietary intake from trained nutritionists 

– Serum sample  

• B12 

• Folate 

• Homocystein 

• Methylmalonic acid 

• Creatinine 

• Glucose  

 



Screened for Serum levels 

Assessed for eligibility 

n≥500 

Randomization 

Placebo 

n=250 

Intervention 

(2.5μg/d 

B12) n=250 

Serum levels taken at: 

• Baseline 

• 6 months 

• 12 months 

2 week wash out period 

Cross-over 

Serum Levels taken at: 

18 months 

24 months 

26 months (after 2 month wash-out period) 
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