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Today’s Presenter
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Dr. Roman Pawlak, Ph.D, RD
• Associate Professor, Department of Nutrition Science, 

East Carolina University

• Worked on Vegetarian Nutrition Evidence Analysis 
Project for the Academy of Nutrition & Dietetics

• Authored eight books in five languages

• Research interests: Vitamin B12, vegetarian diets
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Participants will:
1. List populations and groups at risk of vitamin B12 

deficiency/inadequate vitamin B12 status

2. Understand what constitute adequate vitamin B12 
intake

3. Distinguish between reliability of different vitamin 
B12 assessment methods 

4. Assess the role of vitamin B12 in prevention and 
treatment of selected health conditions

5. Evaluate the efficacy of different vitamin B12 
deficiency treatment options 9



Insight into who is at 
risk of vitamin B12 

deficiency
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“The human body stores several years' worth of 

vitamin B12, so nutritional deficiency of this 

vitamin is extremely rare. Although, people who 

follow a strict vegetarian diet and do not 

consume eggs or dairy products may require 

vitamin B12 supplements.” 

(Linda Vorvick, MD) 
http://www.nlm.nih.gov/medlineplus/ency/imagepages/19517.htm
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How common is vitamin B-12 deficiency?
Lindsay H Allen 2009;89(suppl):693S–696S

“Vitamin B-12 deficiency and depletion are common in 

wealthier countries, particularly among the elderly, and are 

most prevalent in poorer populations around the world. This 

prevalence was underestimated in the past for several 

reasons, including the erroneous belief that deficiency is 

unlikely except in strict vegetarians or patients with 

pernicious anemia, and that it usually takes 20 y for stores of 

the vitamin to become depleted.” 12



 Individuals 50 years and older

 All vegetarians and vegans

 Patients receiving metformin 

 Patients after upper GI surgery 

 Anyone after surgery with general 

anesthesia 

 Patients receiving chemotherapy 

 Individuals taking anti-acid 

medications

 Individuals infected by 

Helicobacter pylori 

Who is at risk of B12 deficiency?
 Individuals taking non-steroidal 

anti-inflammatory medications 

(e.g. Aspirin, Ibuprofen, Aleve)

 Individual with MTHFR 677 

genetic mutation

 Individuals taking anti-

convulsant drugs, protein pump 

inhibitors, β2 blockers, bile acid 

sequestrants, tetracycline, 

calcium channel blockers

 Patients with hypothyroidism 
13



Insight regarding what 
constitutes adequate 
vitamin B12 intake
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Recommended intake
Institute of Medicine 

(1998) 
2.4 µg/d

European Food Safety 
Authority (2014)  

4.0 µg/d

“The Recommended Dietary Allowance (RDA) for 

vitamin B12 is based on the amount needed for the 

maintenance of hematological status and normal 

serum vitamin B12 values.”
Institute of Medicine 

66% 
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“In persons with normal absorption, our data indicate 

that an intake of 4–7 µg vitamin B-12/d is associated 

with an adequate vitamin B-12 status, which suggests 

that the current RDA of 2.4 µg vitamin B-12/d might be 

inadequate for optimal biomarker status even in a 

healthy population between 18 and 50 y of age.”
16



“Daily vitamin B12 losses in apparently healthy 

adults and elderly probably range from 1.4 to 5.1 

μg. Vitamin B12 intakes needed to compensate for 

these losses seem to range from 3.8 to 20.7 μg.”
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Association between vitamin B12-containing supplement 
consumption and prevalence of biochemically defined 
B12 deficiency in adults in NHANES III (Third National 

Health and Nutrition Examination Survey)
Evatt et al., Public Health Nutr. 2010;13(1):25–31

“Daily consumption of more than 75 µg B12 may 
nearly eliminate low B12 and biochemical B12 

deficiency, but more research is needed to 
determine how much supplement is needed by 

those individuals for whom 6 or 25 µg/d does not 
prevent low B12 or biochemical B12 deficiency.”
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Insight into 
Assessment of 

vitamin B12 
status
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Assessment methods

Serum B12 

Mean Corpuscular Volume (MCV) 

Homocysteine 

Holotranscobalamin II (holo TCII or TCII)

Methylmalonic acid (MMA)
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Clinical presentation and metabolic  consequences 
in 40 breastfed infants with nutritional vitamin B12 

deficiency – What have we learned?
Honzik et al. Eur J Paediat Naurol 2010;14:488–495

Characteristics of 17 infants with profound B12 deficiency

+ 5.9% + 100% +100%+ 100%
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Serum B12 

MCV 

Homocysteine (Hcy)

Holotranscobalamin II (holoTCII or TCII)

Methylmalonic acid (MMA)
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Assessment methods



Insight into what 
constitutes 

adequate serum 
vitamin B12
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Serum/plasma B12

1 pmol/L x 1.35 = pg/mL

1 pmol/L x 1.35 = ng/L

1 pg/mL x 0. 74 = pmol/L
24



Dietary Reference Intakes for Thiamin, 
Riboflavin, Niacin, Vitamin B6, Folate, Vitamin 

B12, Pantothenic Acid, Biotin, and Choline
Food and Nutrition Board, Institute of Medicine

“The concentration of B12 in the serum or 

plasma reflects both the B12 intake and stores. 

The lower limit is considered to be approximately 

120 to 180 pmol/L (170 to 250 pg/mL) for adults 

but varies with the method used and the 

laboratory conducting the analysis.”
25



“… a serum B12 value above the 

cutoff point does not necessarily 

indicate adequate B12 status. …”
Institute of Medicine 

Dietary Reference Intakes for Thiamin, 
Riboflavin, Niacin, Vitamin B6, Folate, Vitamin 

B12, Pantothenic Acid, Biotin, and Choline
Food and Nutrition Board, Institute of Medicine
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“Future study may show that the consideration of 

total serum vitamin B-12 concentration < 222 

pmol/L (< 300 pg/ml) as being subnormal (rather 

than the concentration of 148 pmol/L or 200 

pg/ml, which is generally accepted today) …”

Staging vitamin B12 (cobalamin) 
status in vegetarians

Herbert V. J Clin Nutr l994;59(suppl): 12 l3S-22S.
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“It has become common practice to reassure those with serum 

vitamin B-12 above the traditional cutoff for pernicious anemia 

(148 pmol/L) that their vitamin B-12 status is “normal” and so 

cannot be a cause of any observed cognitive impairment. This view 

can no longer be supported: there is abundant evidence that those 

with serum vitamin B-12 concentrations in the “low-normal” 

range (150–300 pmol/L) may, but not necessarily will, suffer 

cognitive impairment that can usually be corrected by vitamin B-

12 supplementation.”

Hippocampus as a mediator of the role of 
vitamin B-12 in memory

Smith DA. AJCN, First published ahead of print March 16, 2016 as doi: 10.3945/ajcn.116.132266
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Do we need to reconsider the desirable blood 
level of vitamin B12?

“Several large population studies have examined the 

relationship between plasma total homocysteine (tHcy) and 

MMA to blood vitamin B12 concentrations. It has been 

found that the concentrations of these metabolic markers 

start to increase at vitamin B12 levels considerably above 

the typical cut-off value used to define B12-deficiency, (148 

pmol L) (200 pg mL), as can be seen from the Fig. 1.”

Smith & Refsum
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Classic 
hematological 

deficiency 
symptoms

Smith & Refsum
2012;271(2):179-82

Do we need to reconsider the desirable blood 
level of vitamin B12?

Metabolic insufficiency
NTD, cognitive deficient/decline, 

Alzheimer’s disease, brain atrophy, 
white matter damage, stroke, 

depression, low BMD, DNA damage

Classic 
hematological 
deficiency 
symptoms
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Review of the magnitude of folate and 
B12 deficiencies worldwide

McLean et al. Food Nutr Bulletin, 2008;29(2):S38-S51

31



Insight into what 
constitutes 

adequate Hcy
concentration
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Homocysteine and vitamins in 
cardiovascular disease

Jacobsen DW. Clin Chem. 1998;44(8(B)):1833–1843

“We have shown that risk for coronary 

artery disease is represented by a 

continuum of total homocysteine 

concentration, with substantial risk 

occurring between 10 and 15 µmol/L.”
33



Obersby et al, Br J Nutr, 2013;109:785-794
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Assessment of vitamin B12 status

Serum B12 >300 pmol/L or >400 pmol/L

MCV (fl) = 80-96

Homocysteine <10 µmol/L

Holotranscobalamin II (holo TCII or 

TCII) >50pmol/L

Methylmalonic acid (MMA) <271 nmol/L
35



Indirect indicators of 
vitamin B12 
deficiency
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Hemoglobin 
&

Ferritin 
37



Clinical presentation and metabolic  consequences 
in 40 breastfed infants with nutritional vitamin B12 

deficiency – What have we learned?
Honzik et al. Eur J Paediat Naurol 2010;14:488–495

Characteristics of 17 infants with profound B12 deficiency

+ 5.9% + 100% +100%+ 100%
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Serum 
ferritin Hb

When both are present, abnormally low Hb may 
be a result of B12 rather than iron deficiency

39



Serum Ferritin in 
Megaloblastic Anaemia

Hussein et al. Scand J Haematol(l978) 20, 241-245

Fe
rr

iti
n 

(µ
g/

L)

Effect of vitamin B12 therapy 
on serum ferritin in 13 patients 

with megaloblastic anemia
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Platelets count  

41



The impact of vegetarianism on 
some haematological parameters

Obeid et al. Eur J Haematol 2002: 69: 275–279
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Insight into B12’s role in 
prevention and treatment of 
selected health conditions
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What health conditions do you 
think B12 and Hcy status may 
help to prevent and/or treat?



Cardiovascular 
disease

46



“The epidemiology data linking Hcy with 

atherosclerosis is strong (…). Experimentally 

Hcy stimulates a range of potentially pro-

atherosclerotic changes, including inflammation 

and thrombosis and causes apoptosis of 

endothelial cells.”

Role of homocysteine in aortic calcification 
and osteogenic cell differentiation

Van Campenhout A., et al. Atherosclerosis. 2009;202(2): 557–566

47



Endothelial cells constitute the inner 
lining of blood vessels

https://www.washingtonpost.com/apps/g/page/world/deadly-ebola-virus-on-the-move-in-africa/904/
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Humphrey et al, Mayo Clin Proc. 2008;83(11):1203-1212

“Each increase of 5 μmol/L in 

homocysteine level increases the 

risk of CHD events by 

approximately 20%, independently 

of traditional CHD risk factors.”
49



Is Vitamin B12 Deficiency a Risk Factor for
Cardiovascular Disease in Vegetarians?

Pawlak R. Am J Prev Med 2015;48(6):e11–e26

Auto-oxidation 
of Hcy

Foam cell
formation

Hydrogen 
peroxide 
synthesis 

Superoxide 
anion 

synthesis

Hydroxyl 
radicals

LDL 
oxidation

Nitric oxide 
impairment 

Endophelial
inflammation 

Endophelial
apoptosis 
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Is the role of Hcy concentration 
in atherosclerosis/CVD 

development controversial? 

51



Is Vitamin B12 Deficiency a Risk Factor for
Cardiovascular Disease in Vegetarians?

Pawlak R. Am J Prev Med 2015;48(6):e11–e26

“The link between hyperhomocysteinemia and 

CVD is supported by six of seven recent meta-

analyses. These meta-analyses included data 

from prospective and case-control studies. They 

also included data on the impact of Hcy 

lowering on intima-media thickness and flow-

mediated vasodilation.” 52



Organic Mental 
Disorder
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Vitamin B12 Levels of Cerebrospinal Fluid in 
Patients with Organic Mental Disorder

van Tiggelen et al. J Orthomolec Psych. 1983; 12(4):305-311

“Of our total number of 49 patients with organic mental 

disorder only 4 patients would have been detected with 

determination of vitamin B12 levels in serum, whilst in 

fact 30 of these 49 patients have a pathologically low level 

of vitamin B12 in CSF (cerebrospinal fluid – RP) and 

could be treated effectively with parenteral vitamin B12 as 

has been demonstrated.”
54



“(…) it is furthermore suggested that a 

considerable number of patients is classified 

and treated as dysthymic disorder (DSM-

111) in psychiatric institutions and by 

psychiatric methods of expensive psycho-

social therapy, 55

Vitamin B12 Levels of Cerebrospinal Fluid in 
Patients with Organic Mental Disorder

van Tiggelen et al. J Orthomolec Psych. 1983; 12(4):305-311



…whereas in fact these patients are

suffering from an undetected organic affective 

syndrome, to which cerebral B12 deficiency is at 

least a contributing, if not a causative factor. In 

this respect we mention the post-natal depression 

and the possibly toxic neurasthenic depression.”
56

Vitamin B12 Levels of Cerebrospinal Fluid in 
Patients with Organic Mental Disorder

van Tiggelen et al. J Orthomolec Psych. 1983; 12(4):305-311



Impact of 
hyperhomocysteinemia 

on bone fractures
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N = 2406, 55 years or older

Homocysteine Levels and the Risk of 
Osteoporotic Fracture

Joyce et al, N Engl J Med, 2004;May 13;350(20):2042-2049

“An increased 

homocysteine level 

appears to be a 

strong and 

independent risk 

factor for osteoporotic 

fractures in older men 

and women.”
58



Homocysteine Levels and the Risk of 
Osteoporotic Fracture

Joyce et al, N Engl J Med, 2004;May 13;350(20):2042-2049
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Auto-oxidation 
of Hcy

Increases 
osteocalcin

concentration 

Increases 
C-terminal 

telopeptides of 
collagen I

Increases bone 
alkaline 

phosphatase 

Impairs taurine 
synthesis

Increases 
osteoclasts 

activity

Reduces 
osteoblasts 

activity 

Obstructs 
formation of 

collagen cross-
links

Impairs IGF-1  
synthesis

Vitamin B12 deficiency and Hyperhomocysteinemia: Risk 
factors for low bone density, bone turnover, and bone 

fractures among vegetarian adults.

Babatunde T. & Pawlak R. Submitted to Journal of Chronic Disease Management
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Vitamin B12, Folate, Homocysteine, and Bone 
Health in Adults and Elderly People: A 
Systematic Review with Meta-Analyses
van Wijngaarden et al. J Nutr Metab, 2013; http://dx.doi.org/10.1155/2013/486186

“Meta-analysis of four prospective studies 

including 7,475 people showed a modest 

decrease in fracture risk of 4% per 50 

pmol/L increase in vitamin B12 levels, which 

was borderline significant (RR = 0.96, 95% 

CI = 0.92 to 1.00). 61



Meta-analysis of eight studies including 

11,511 people showed an increased 

fracture risk of 4% per µmol/L increase in 

homocysteine concentration (RR = 1.04, 

95% CI = 1.02 to 1.07).”

Vitamin B12, Folate, Homocysteine, and Bone 
Health in Adults and Elderly People: A 
Systematic Review with Meta-Analyses
van Wijngaarden et al. J Nutr Metab, 2013; http://dx.doi.org/10.1155/2013/486186
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Brain atrophy
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Homocysteine-Lowering by B Vitamins Slows the 
Rate of Accelerated Brain Atrophy in Mild 

Cognitive Impairment: A Randomized Controlled 
Trial

Smith et al., PLoS ONE 5(9): e12244

• Randomized controlled study

• N = 271 individuals over 70 years with mild 
cognitive impairment 

• Group 1 – folic acid (0.8 mg/d), vitamin B12 
(0.5 mg/d) and vitamin  B6 (20 mg/d) 

• Group 2 – placebo 64



(A) Subtraction image of female participant in the 
placebo group, age 79 years, with baseline tHcy 

of 22 µmol/L, whose tHcy concentration 
increased by 8 µmol/L over two years. Atrophy 
rate was 2.50% per year. Atrophy most strongly 
appears here as enlargement of the ventricles.

(B) Subtraction image of female participant in 
active treatment group, age 72 years, with 

baseline tHcy of 24 µmol/L at baseline, whose 
tHcy concentration decreased by 12 µmol/L 
over two years. Atrophy rate 0.46% per year. 
There is no clear visible pattern of atrophy.

2.5/0.46 = 5.4

Homocysteine-Lowering by B Vitamins Slows 
the Rate of Accelerated Brain Atrophy in Mild 

Cognitive Impairment: A Randomized 
Controlled Trial

Smith et al., PLoS ONE 5(9): e12244
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Diabetic 
comorbidities

66





Vitamin B12 may be more effective than 
nortriptyline in improving painful diabetic 

neuropathy
Talaei et al., Int J Food Sci Nutr 2009;60(S5): 71-76

N = 50 diabetic patients from Arak, Iran

Age: mean age = 35 year; (range 18-53)

Group 1 – 2,000 µg intramuscularly twice weekly for a 3-

month period

Group 2 – 10 mg/day of oral nortriptyline 

Diabetes management was not changed during the 

treatment period 68



Pain Tingling Paresthesia

Decrease in symptoms of diabetic neuropathy
“Vitamin B12 is 

more effective 

than nortriptyline 

for the treatment 

of symptomatic 

painful diabetic 

neuropathy.”

Vitamin B12 may be more effective than 
nortriptyline in improving painful diabetic 

neuropathy
Talaei et al., Int J Food Sci Nutr 2009;60(S5): 71-76
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B12 and 
EPA/DHA
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Brain atrophy in cognitively impaired elderly: the 
importance of long-chain ω-3 fatty acids and B 
vitamin status in a randomized controlled trial
Jernerén et al., Am J Clin Nutr doi: 10.3945/ajcn.114.103283

Goal: to investigated whether plasma ω-3 fatty acid 
concentrations (EPA & DHA) modify the treatment effect of 
homocysteine-lowering B vitamins on brain atrophy rates

Participants (N = 168; Age ≥ 70 years):
Group 1 – placebo
Group 2 – treatment with 

Folic acid = 0.8 mg 
Vitamin B-6 = 20 mg 
Vitamin B-12 = 0.5 mg
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“In subjects with high baseline ω-3 fatty acids 

(>590 µmol/L), B vitamin treatment slowed the 

mean atrophy rate by 40.0% compared with 

placebo (P = 0.023). B vitamin treatment had no 

significant effect on the rate of atrophy among 

subjects with low baseline ω-3 fatty acids (<390 

µmol/L).”

Brain atrophy in cognitively impaired elderly: the 
importance of long-chain ω-3 fatty acids and B 
vitamin status in a randomized controlled trial
Jernerén et al., Am J Clin Nutr doi: 10.3945/ajcn.114.103283
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Insight into how to 
improve B12 status

73



Product Efficacy
Algal use (Spirulina, Nori, 
Kombu, Chlorella)

Unreliable 

Probiotics Make no difference 

Nutritional yeast Effective if fortified 
with B12 

B12 supplements Effective

B12 Injections Effective 

Efficacy of using different treatment 
methods to improve B12 status

74



Vitamin B12 
deficiency treatment 

options

75



Reported Treatment Approaches
Adult and Pediatric

Intramuscular 
injections

Vitamin B12 
supplement 

Hydroxocobalamin
Methylcobalamin
Cyanocobalamin

100 - 1,000 µg/wk*

Hydroxocobalamin
Methylcobalamin
Cyanocobalamin

*varies over time of treatment 
Torsvik et al. AJCN 2013;98(5):1233-1240; Siddiqui et al. J Ped Hem Oncol. 2012;34(2):140-142. 
Codazzi et al. Ped Crit Care Med. 2005;6:483–485; Weiss et al. JPHO. 2004;26(4):270-271; Von 
Schenck et al. Arch Dis Child. 1997;77:137–139; 

100 - 1,000 µg/day
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Treatment options 
for individuals with 
MTHFR gene defect

77



Cobalamin coenzyme forms are not likely to be 
superior to cyano- and hydroxyl-cobalamin in 

prevention or treatment of cobalamin deficiency
Obeid et al. Mol. Nutr. Food Res. 2015, 59, 1364–1372

“MeCbl and CNCbl show very similar biological effects, but CNCbl 

may be superior as oral supplementation because of its stability.”

“At doses commonly used in treatment or prevention of Cbl 

deficiency, all Cbl forms appear to be absorbed, internalized by the 

cells and follow the intracellular metabolic pathway that converts all 

forms into the common intermediate [Co2+] Cbl that in its turn 

transfers into the functional coenzymes, MeCbl, and AdoCbl.”
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MTHFR
converts

5,10 Methylenetetrahydrofolate
to

5-methyltetrahydrofolate

Indicators for assessing folate and 
vitamin B12 status and for monitoring 
the efficacy of intervention strategies

Green R. Food and Nutrition Bulletin, 2008;29(2):S52-S63
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Summary/Application

Individuals at risk of inadequate B12 status include:

Older adults and elderly, all vegetarians, patients taking 

metformin, patients with GI conditions/surgery

Adequate B12 intake is very likely considerably higher than 

currently recommended (supplements may have to be 

utilized by individuals at risk) 

MCV is unreliable assessment of B12 status 

Use two different biomarkers to obtain reliable B12 status
80



Summary/Application

Hb and platelet count may be indicative of B12 status

B12 and hyperhomocysteinemia are associated with

CVD, organic mental disorders, osteoporosis/bone 

fractures, brain atrophy

The efficacy of homocysteine lowering in disease prevention 

may depend on the status of EPA and DHA

Reliable B12 deficiency treatment options include B12 

injections and B12 supplements

81
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Nutrition & Wellness 
Continuing Education Credits
MFLN Nutrition & Wellness is offering 1.0 CPEU for 
today’s webinar.

To receive credits, please complete the evaluation at:

https://vte.co1.qualtrics.com/jfe/form/SV_54JyLowGzqRleT3

8383

https://vte.co1.qualtrics.com/jfe/form/SV_54JyLowGzqRleT3


Upcoming Nutrition & Wellness Event
• Title:  Culinary Medicine: Where Health Meets Food
• Time: 11am-12pm EDT
• Date:  January 24 , 2019
• Location: militaryfamilieslearningnetwork.org/event/22042/

• For more information on MFLN visit 
militaryfamilieslearningnetwork.org
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