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Abstract

Functional vitamin B12 markers were compared with serum vitamin B12 levels
in 350 individuals, to see if there was a correlation between markers of vitamin
B12 deficiency, and the actual levels of vitamin B12 in serum. No correlation
was found between normal to elevated levels of vitamin B12 and urinary
methyl malonic acid, or vitamin B12 deficiency associated neurotransmitter
metabolites. Hence, whilst serum vitamin B12 levels were normal or elevated
these individuals had Paradoxical B12 deficiency. Vitamin B12 deficiency
markers were, however, correlated with markers of vitamin B2 deficiency,
suggesting that the vitamin B2 deficiency had led to elevated levels of vitamin
B12, which was largely inactive. Given the role in energy metabolism, correct
diagnosis of vitamin B12 deficiency is essential. The mechanism is discussed.
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Introduction

The current dogma on vitamin B12 deficiency implies a direct link between
levels of serum vitamin B12, and sufficiency. Hence as vitamin B12 levels
reduce, markers such as MMA and homocysteine increase in an inverse
relationship to serum B12 levels [1-4]. A consequence of this "Dogma” is
that if a person does not have vitamin B12 levels lower than a highly variable
amount, dependent upon study (148 pmol/L, 179 pg/ml, 230 pmol/L), they
cannot be B12 deficient [1,5,6]. Hence vitamin B12 deficiency would be mainly
due to poor diet, or poor absorption or lack of Intrinsic Factor [7]. Many people,
however, experience symptoms of vitamin B12 deficiency yet their serum
levels of vitamin B12 may be normal or much higher than normal. Subsequent
examination of biochemical markers such as MMA or homocysteine may show
that these markers are moderate to highly elevate. As such the symptoms and
biochemical markers are indicative of vitamin B12 deficiency, yet the serum
vitamin B12 levels are paradoxically high. Such persons are deemed to have
"Paradoxical Vitamin B12 Deficiency". Generally, however, the reason(s) for
"Paradoxical B12 deficiency” are not known, even despite its association with
a greater increase in "all-cause mortality”, chronic viral liver disease, Anorexia
Nervosa, and death from COVID-19 [8-10].

It has been known for over 40 years that measurements for serum vitamin B12
levels can be greatly distorted by the presence of non-functional cobalamin
analogues, and in many cases measurement of serum B12 levels is not
predictive of the levels of functionally active B12 [11-20]. In addition, low
intracellular folate levels can often be associated with the presence of inactive
analogues of cobalamin in serum [21]. Alternatively, it can be associated
with inflammatory conditions such as Rheumatoid arthritis due to the
overproduction of the B12 binding proteins Tran's cobalamin and haptocorin,
Cystic fibrosis, and patients treated with nitrous oxide poisoning [22-25].

More recently elevated B12 levels have been associated with a poorer
prognosis following treatment for cancer [26-29]. The higher the B12, the
poorer the prognosis. We have not been able to find any study where the
authors have "looked at" metabolic markers that one would ascribe to
functional B2 deficiency, and compared it to the elevated B12 levels in these

themselves over-produce haptocorrin (R Binder), and hence elevated serum
Hc-B12 may be indicative of prognosis [30-34]. Elevations of serum B12
have also been found in cats with neoplasms [35]. Extreme levels of Hc-B12
(>18,000 pg/m B12) have been found in some metastatic cancers [36].

Despite the almost completely non-predictive nature of serum vitamin
B12 levels it is still the measurement of choice for vitamin B12 sufficiency.
Its utility is arguably restricted to determining conditions such as dietary
insufficiency, poor absorption or Pernicious Anaemia, where serum levels
are routinely low, and as such many physicians miss functional vitamin B12
deficiency in patients.

In previous studies we have shown that functional vitamin B12 deficiency is
often associated with functional vitamin B2 deficiency. In the current study,
we have compared the levels of serum vitamin B12, with various biochemical
markers associated with vitamin B12 deficiency, and have compared the later
markers with markers of functional vitamin B2 deficiency.

Materials and Methods

Study sample

A retrospective analysis was performed upon data submitted to us for
interpretation from a cohort of 350 children and adults who had submitted
their Organic Acids Test data (Great Plains Laboratories, Lenexa, KS, USA)
for analysis and who had also supplied their serum vitamin B12 levels. The
Cohort, had normal to elevated levels of serum vitamin B12, however, had many
symptoms normally associated with vitamin B12 deficiency, including fatigue,
depression, anxiety, lack of motivation, poor memory, fuzzy thinking, symptoms
of peripheral neuropathy, and difficulty sleeping. In the analysis markers that
have previously been shown to be elevated in vitamin B12 deficiency, were
analysed and plotted against serum vitamin B12 and methylmalonic acid
(MMA) a standard marker of vitamin B12 deficiency. Subjects were from a
range of countries including USA, Canada, United Kingdom, Ireland, Germany,
Spain, France, ltaly, Bulgaria, India, Sweden, Bulgaria, Serbia, Dubai, Croatia
and Australia. Age distribution of the 350 individuals was 1-5 (30); 6-10
(30); 11-15 (40); 16-20 (19); >21 (216). Data was collected over a period of
5 years. No selection was made in the acceptance of data, with no data being
rejected. Individual data is plotted as Scattergrams (see Graphs 1 to 7). Data
is represented as mmol/mol creatine for NT.

Results

Absolute vitamin B12 levels in serum were compared to Methyl Malonic
Acid (MMA) levels measured in urinary Organic Acids (OAT). Representation
of the data in a scatter gram (Figure 1) showed that there was no obvious
relationship between levels of vitamin B12 in serum, and the standard marker
of vitamin B12 deficiency, MMA (Methyl Malonic Acid). This is in contrast to
the comparison of absolute vitamin B12 deficiency in serum, where MMA
starts to increase as vitamin B12 drops below 221 pmol/L ( Figure 1) [6, 37].
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Figure 1. Comparison of serum vitamin B12 (pmol/L) with urinary MMA.
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Previous studies by us have shown that deficiency of active vitamin B2 is
correlated with the vitamin B12 deficiency markers HVA, VMA, QA, KA and
5HIAA. The level of MMA was compared to the vitamin B2 deficiency marker,
glutaric acid (Figure 2), as too were the markers, HVA, VMA, QA, KA and
5HIAA (Figures 3-6).

As can be seen there was good correlation between both MMA and glutaric
acid with VMA, HVA and QA, however, the comparison was less strong for

12

10

HvVA
o

1z

10

HVA
o

VMA

KA
w

Research Article

KA. This presumably is because in order to make the metabolite KA, there
is a Pyridoxal-Phosphate-dependent enzyme (kynurenine-aminotransferase)
step. Formation of the active form of vitamin B6, pyridoxal phosphate (P5P),
requires FMN, hence in low lodine, or Selenium the amount of FMN would be

reduced, as too P5P, and so too the amount of KA (Figure 7).
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Figure 2. Comparison of urinary MMA with glutaric acid.
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Figure 3. Comparison of urinary HVA with MMA (left panel) with glutaric acid (right panel).
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Figure 4. Comparison of urinary VMA with MMA (left panel) with glutaric acid (right panel).
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Figure 5. Comparison of urinary KA with MMA (left panel) with glutaric acid (right panel).

Formation of 5HIAA was less well correlated with either MMA or glutaric
acid, however, it is interesting to note that 5HIAA levels tended to increase
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Figure 6. Comparison of urinary QA with MMA (left panel) with glutaric acid (right panel).
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Figure 7. Comparison of urinary 5SHIAA with MMA (left panel) with glutaric acid (right panel).

when glutaric acid levels were lower, a situation that occurs when functional
B2 activity is reduced and so presumably the activity of the FAD-dependent
enzyme, monoamine oxidase, which is responsible for the inactivation of
serotonin to 5HIAA, would be higher. In extreme B2 deficiency, MAO would
have reduced activity and so serotonin break-down would be reduced.

Discussion

In a previous study we compared compared markers of functional vitamin
B2 deficiency with those of functional vitamin B12 deficiency, and found
a correlation supporting the hypothesis that lack of functional vitamin B2
eventually causes a lack of functional vitamin B12. In this study we have
attempted to see if levels of serum vitamin B12 are predictive of functional
vitamin B12 levels, and found that they are not at all predictive of functional
B12, however, there was a strong correlation between MMA, a marker
for Adenosyl B12 deficiency and VMA/HVA/QA (markers of methyl B12
deficiency) and MMA and glutaric acid (a marker of functional B2 deficiency).

The data supports the hypothesis that in functional B2 deficiency, the activity
of the two vitamin B12 house-keeper enzymes methylenetetrahydrofolate-
reductase (MTHFR-FAD/NAD dependent enzyme) and methionine synthase
reductase (MTRR-FMN/FAD/NAD dependent enzyme), is greatly reduced
and so the repeated cycling of methylCo(ll)B12 < Co(l)B12 is greatly
compromised with the result that Co(I)B12 is rapidly oxidized to inactive
Co(I1)B12, which cannot be rescued by MTRR in the reaction Co(ll)B12+SAM
> MethylCo(1ll)B12+SAH. This inactive cobalamin is then secreted from the
cell and accumulates in serum, thereby raising the apparent level of vitamin
B12 in serum and yet the B12 is inactive. Subjects with these high levels
of inactive B12, therefore have "Paradoxical vitamin B12 deficiency”. This
functional B12 deficiency cannot be resolved by additional vitamin B12
until the functional vitamin B2 deficiency is resolved, and the activities of
MTHFR and MTRR are restored. The major cause of Paradoxical Vitamin B12
Deficiency appears to lack of functional vitamin B2, which may occur due to
overt vitamin B2 deficiency in a person's diet, Hypothyroidism [38], or due
to lack of adequate intake of lodine, Selenium and/or Molybdenum, which in
turn leads to insufficient production of the two active forms of vitamin B2,
namely FMN and FAD. FMN and FAD both have critical roles in cycling and
maintenance of activity of vitamin B12, particularly methyl B12.

Methyl-Co (Ill) B12 has amajor role in the body in the removal of homocysteine,
and in the regeneration of methionine in the methylation cycling using the
enzyme methionine synthase reductase (MTR).

Functional Methyl-Co (1ll) B12 is essential for the formation of creatine, the
cytoplasmic energy transfer shuttle; hence lack of functional Methyl-Co
(1) B12 has important implications for organs with high energy demand,

such as the heart, muscles and nervous system. Potentially this explains
the observation that "Paradoxical B12 deficiency” is common in conditions
such as Chronic Fatigue Syndrome (CFS) and is almost universal in Autism
Spectrum Disorder, and in dementia.

Conclusion

Dietary deficiency of lodine, Selenium and/or Molybdenum can lead to an
inability to activate dietary or supplemental vitamin B2. This in turn leads to
an inability to maintain the functional activity of vitamin B12. Prolonged lack
of active vitamin B2 eventually leads to an accumulation of inactive vitamin
B12 in serum, with a gradual increase in the absolute amount of serum B12.
Thus, elevated vitamin B12 is found in serum, yet the B12 is largely inactive,
leading to a condition of Paradoxical vitamin B12 deficiency.
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+ No financial benefits from the data are anticipated, rather the data will
be used to help prevent and treat those to whom the data applies.

* The waiver is not prohibited by State, Federal or International Law.

Acknowledgements

Acknowledgements go to all of the individuals who have contributed their
data to the preparation of this manuscript in the hope that the manuscript
will be of benefit to those who have previously been deemed not to be vitamin
B12 deficient, and as a guide to clinicians in their assessment of vitamin B12

deficiency.

References

1. Minerva, EM, et al. "Fewer adults had low or transitional vitamin B12
status". Am J Clin Nutr.114.3 (2021):1070-1079.

2. Bailey, RL, et al. "Monitoring of vitamin B12 nutritional status in the United
States by using plasma methylmalonic acid and serum vitamin B12". Am
J Clin Nutr. 94.2(2011):552-561.

3. Koehler, KM, et al. "Vitamin supplementation and other variables affecting
serum homocysteine and methylmalonic acid concentrations in elderly
men and women". J Am Coll Nutr.15.4 (1996):364-376.

4. Shobha, V, et al. "Vitamin B deficiency & levels of metabolites in an
apparently normal urban south Indian elderly population”. Indian J Med
Res.134.4 (2011):432-439.

5. Sanz-Cuesta, T, et al. “Oral versus intramuscular administration of
vitamin B12 for the treatment of patients with vitamin B12 deficiency:
A pragmatic, randomised, multicentre, non-inferiority clinical trial
undertaken in the primary healthcare setting (Project 0B12)". BMC Public
Health. 12.1(2012):1-11.

6. Hokin, BD, et al. “Cyanocobalamin (vitamin B-12) status in Seventh-day
Adventist ministers in Australia”. Am J Clin Nutr. 70.3(1999):576-578.

7. lbrahim, E & Ingrid, S. "Vitamin B12abd homocysteine status among
vegetarians: A global perspective”. Am J Clin Nutrit. 89.5(2009):1693-
1698.

8. Flores-Guerrero, et al. "Association of plasma concentration of
vitamin B12 with all-cause mortality in the general population in the
Netherlands." Jama network open. 3.1(2020):1919274-1919274.

9. Sugihara, T, et al. "Falsely elevated serum vitamin B12 levels were
associated with the severity and prognosis of chronic viral liver disease.”
Yonago acta medica.60.1(2017):31.

10.Corbetta, F, et al. "Paradoxical increase of plasma vitamin B12 and
folates with disease severity in anorexia nervosa." Int J Eat Disor.
48.3(2015):317-322.

11.Kolhouse, JF, et al. "Cobalamin analogues are present in human plasma
and can mask cobalamin deficiency because current radioisotope dilution
assays are not specific for true cobalamin.” NEJM. 299.15(1978):785-
792.

12.Kane, SP, et al. "Vitamin B12 binding protein as a tumour marker for
hepatocellular carcinoma”. Gut. 19.12(1978):1105-1109.

13.Igarai, T, et al. "Serum vitamin B12 levels of patients with rheumatoid
arthritis”. JEM.125.3(1978): 287-301.

14.England, JM & Linnell. JC. "Problems with the serum vitamin B12 assay."
Lancet. 316.8203(1980): 1072-1074.

15.Andres, E, et al. "The pathophysiology of elevated vitamin B12 in clinical
practice.” QJM: Int J Med. 106.6(2013):505-515.

16.Serraj, K, et al. "Hypervitaminémie B12: Physiopathologie et intérét en

Research Article
pratique clinique”. Presse medicale. 40.12(2011):1120-1127.

17.Ermens, AA, et al. "The significance of an elevated cobalamin
concentration in the blood." Nederlands Tijdschrift voor
Geneeskunde.146.10(2002):459-464.

18.Rochat, MC, et al. Hypervitaminémie B12: implications cliniques et prise
en charge [Therapeutic and clinic al implications of elevated levels of
vitamin B12]. Revue medicale Suisse.8.360(2012):2072-2077.

19.Podzolkov, VI, et al. [Hypervitaminosis B12 - a new marker and predictor
of prognostically unfavorable diseases]. Ter arkh.91.8(2019):160-167.

20.Zulfigar, AA, et al. Hipervitaminosis B12. Nuestra experiencia y
una revision [Hypervitaminosis B12. Our experience and a review].
Medicina.79.5(2019):391-396.

21.Sheppard K & Ryrie D. Changes in serum levels of cobalamin and cobalamin
analogues in folate deficiency. Scand J Haem. 25.5(1980):401-406.

22.Christensen, et al. Vitamin B12 binding proteins (transcobalamin and
haptocorrin) in serum and synovial fluid of patients with rheumatoid
arthritis and traumatic synovitis. Scand J Rheum. 12.3(1983):268-72.

23.Grindulis, et al. Rheumatoid arthritis: is serum vitamin B12 high in active
disease? J Rheum. 11.2(1984):211-212.

24 Lindemans, et al. Elevated serum vitamin B12 in cystic fibrosis. Acta
Paed.73.6(1984):768-771.

25.Parry, et al. Serum valine, methionine and isoleucine levels in
patients anaesthetized with and without nitrous oxide. Clin Lab
Haem.7.4(1985):317-326.

26.Geissblihler, P, et al. Elevated serum vitamin B12 levels associated
with CRP as a predictive factor of mortality in palliative care cancer
patients: a prospective study over five years. J Pain Symptom Manage.
20.2(2000):93-103.

27.0h, HK, et al. Elevated Serum Vitamin B12 Levels as a Prognostic Factor
for Survival Time in Metastatic Cancer Patients: A Retrospective Study.
Nutr Cancer. 70.1(2018):37-44.

28.Aloreidi, K & Zamulko, A. Elevated vitamin b12: A rare presentation for
gallbladder adenocarcinoma. S D Med. 71.4(2018):171-173.

29.Lin CY, et al. Elevated serum vitamin B12 levels in association with tumor
markers as the prognostic factors predictive for poor survival in patients
with hepatocellular carcinoma. Nutr Cancer. 62.2(2010):190-197.

30.Wakatsuki Y, et al. Immunological characterization and clinical implication
of cobalamin binding protein in human gastric cancer. Cancer Res.
49.11(1989):3122-3128.

31.Lee YY, et al. Overexpression of transcobalamin 1 is an independent
negative prognosticator in rectal cancers receiving concurrent
chemoradiotherapy. J Cancer. 8.8(2017):1330-1337.

32.Waxman S, et al. The clinical and physiological implications of hepatoma
B12-binding proteins. Cancer Res. 37.6(1977):1908-1914.

33.Kane SP, et al. Vitamin B12 binding protein as a tumour marker for
hepatocellular carcinoma. Gut. 19.12(1978):1105-1109.

34.Paradinas, FJ, et al. "High serum vitamin B12 binding capacity as a
marker of the fibrolamellar variant of hepatocellular carcinoma.” Br Med J
(Clin Res Ed). 285.6345(1982):840-842.

35.Trehy MR, et al. Hypercobalaminaemia is associated with hepatic
and neoplastic disease in cats: A cross sectional study. BUC Vet Res.
10.1(2014):1-8.

36.Carmel R. Extreme elevation of serum transcobalamin | in patients with
metastatic cancer. N Engl J Med. 292.6(1975):282-284.

37.Zeuschner CL, et al. Vitamin B and vegetarian diets. Med J Aust. 199.
$4(2013): S27-S32.

38.Jabbar A, etal. Vitamin B12 deficiency common in primary hypothyroidism.
J Pak Med Assoc. 58.5(2008):258-261.

Cite this article: Russell-Jones, G. Paradoxical Vitamin B12 Deficiency: Normal to Elevated Serum B12, With Metabolic Vitamin B12 Deficiency. ) Biol Today's
World, 2022, 11(3), 001-004.




