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Abstract

Vitamin B12 Deficiency has often been linked to depression, which conceptually has
been assumed was due to lower production of serotonin. We have compared urinary
Methylmalonic acid levels (a marker for vitamin B12 deficiency) with the
neurotransmitter metabolites of the serotonin/kynurenine pathway and have found a
direct correlation between the Kynurenic Acid and Quinolinic Acid metabolites and
MMA levels. With increasing MMA there was also a gradual increase in levels of the
serotonin metabolite, 5-Hydoxyindole acetic acid. The data suggests that rather than
there being a decrease in production of serotonin in vitamin B12 deficiency, there is
actually an increased production of serotonin and the tryptophan metabolites Kynurenic
acid and Quinolinic Acid, potentially leading to down-regulation of serotonin receptors,
potentially being the cause of depression. ASEAN Journal of Psychiatry, Vol. 23(S2)

April, 2022; 1-7.
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Introduction

Depression is a major cause of disability
worldwide, affecting not only adults but children
and adolescents, and can be associated with an
increased rate of suicide in the later population
[1-3]. Although the etiology of depression is
unclear the most common treatments for
depression are the use of Selective Serotonin
Reuptake Inhibitors (SSRIs) or Tricyclic
Antidepressants (TCAs) [4]. Vitamin B12
deficiency has been associated with depression
in adults, children and the elderly [5-16]. Of
note, rates of depression have been found to be
higher in vegetarians than omnivores [17,18].
Measurement of vitamin B12 deficiency is
controversial and several authors have elected to
use elevations in MMA as a marker true
functional vitamin B12 deficiency [19].
Hypothyroidism has also been associated with
depression in a number of studies with the
association being higher in females [20-25].
Whilst the cause of the depression in
hypothyroidism has not been established, there is

considerable literature linking hypothyroidism
and vitamin B12 deficiency with rates of 10%-
40% of vitamin B12 deficiency in hypothyroid
patients, as measured by absolute levels in
serum,  however, studies looking  at
hypothyroidism and functional vitamin B12
deficiency are scarce [26-29]. A direct
relationship has been found between levels of
TSH and homocysteine, which was not, related
to serum B12 levels, hence functional B12
deficiency rather than absolute B12 deficiency
was related to TSH status [30-32]. Measurement
of serum vitamin B12 does not give an accurate
assessment of the functional activity or not of the
vitamin B12 [33-35], and hence markers such as
MMA and Homocysteine can be used to
determine if there is a functional sufficiency or
deficiency of vitamin B12. Given the apparent
linkage between low absolute levels of vitamin
B12 and elevated homocysteine,
hypothyroidism, and the potential role of altered
serotonin metabolism in depression, a study was
conduction in which vitamin B12 status, as
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determined by MMA was compared to
functional vitamin B2 deficiency as assessed
using glutaric acid as well as the tryptophan
metabolites Quinolinic Acid(QA) and Kynurenic
Acid(KA) and the serotonin metabolite 5-
Hydroxyindole-Acetic Acid (5HIAA).

Materials and Methods
Study sample

A retrospective analysis was performed upon
data submitted to us for analysis 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. Subjects were from a range of countries
including USA, Canada, United Kingdom,
Ireland, Germany, Spain, France, Italy, 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). No selection was made in
the acceptance of data, with no data being
rejected. Individual data is plotted as
Scattergrams (Figures 1-3). Data is represented
as mmol/mol creatine for NT.

Figure 1. Kynurenic Acid levels, MMA and
glutaric acid. Data is plotted against MMA (a
marker of adenosyl B12 deficiency) and
glutaric acid (a marker of functional vitamin
B2 deficiency). Regression line analysis is
noted on the graphs.
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Figure 2. Quinolinic acid levels MMA and
glutaric acid. Data is plotted against MMA (a
marker of adenosyl B12 deficiency) and
glutaric acid (a marker of functional vitamin
B2 deficiency). Regression line analysis is
noted on the graphs.
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Figure 3. 5-Hydoxyindole AceticAcid (5SHIAA)
levels, MMA and glutaric acid. Data is plotted
against MMA (a marker of adenosyl B12
deficiency) and glutaric acid (a marker of
functional vitamin B2 deficiency). Regression
line analysis is noted on the graphs.

Results and Discussion

The neurotransmitter metabolites Kynurenic
Acid (KA), Quinolinic Acid (QA) and 5-
Hydroxyindole Acetic Acid (SHIAA) were
compared to the known marker of vitamin B12
deficiency, Methylmalonic Acid (MMA). In
addition, KA, QA, and 5HIAA were also
compared to urinary glutaric acid levels, a
known marker of functional B2 deficiency.

There was a good correlation between QA and
MMA (0.665) and QA and glutaric acid
(0.5519), which was slightly better than the
correlation between KA and MMA (0.557) and
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KA and glutaric acid (0.379). Of note, there was
a significant deviation from the line of best fit,
when glutaric acid levels dropped below 1.0, at
which time; levels of KA were much higher than
when glutaric acid was above 1.0. Comparison of
5HIAA with MMA (Figure 3), showed a lower
correlation co-efficient (0.382), which was
further reduced when 5HIAA was plotted against
glutaric acid (R2=0.2496). There was also a
significant deviation from the line of best fit
when glutaric acid levels were less than 1.0.

Figure 4. Synthetic pathway of production of
Melatonin from Tryptophan.

Production of serotonin Figure 4, is critically
dependent upon the action of the enzyme
Tryptophan-5-Hydroxylase (TPH), followed by
the subsequent reaction of the PLP dependent
enzyme, Hydroxy-Tryptophan Decarboxylase
(HTD). Serotonin is subsequently acetylated to
form N-Acetyl Serotonin (NAcSer), which is
then methylated by the S-Adenosylmethionine
(SAM), as the methyl donor, by the action of
Hydroxyindole-O-Methyl Transferase (HIOMT).
In vitamin B12 deficiency, the last step in
production of Melatonin is blocked due to lack
of production of SAM.

Production of FMN from riboflavin by the
enzyme riboflavin kinase is compromised in
dietary insufficiency of lodine and Selenium. In
addition, the activation of vitamin B6 to form
PLP requires the FMN-dependent enzyme,
pyridoxamine phosphate oxidase (Figure 5).
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Figure 5. Accentuation of the Kynurenin
Pathway in functional vitamin B2 and B12
deficiency.

Hence, in deficiency of any of vitamin B2,
vitamin B6, lodine and Selenium, levels of
serotonin will be reduced as too will melatonin
production, and tryptophan metabolism will
favour the Kynurenine pathway, potentially
leading to depression due to lower levels of
serotonin (Figure 5). In this case QA will be
increased, but KA will not be affected as greatly
as the enzyme Kynurenine Amino Transferase
(KAT) is also PLP dependent. As levels of
lodine, Selenium, B2 and B6 increase, then the
reaction will start to favour both production of
serotonin and also the conversion of kynurenine
to kynurenic acid, as well as the metabolism of
fatty acids, with lowering of the levels of glutaric
aid. This can be seen in the comparison of KA
and Glutaric acid, where when glutaric acid
levels drop below 1.0, there is a big increase in
the levels of KA. If, however, despite the
sufficiency of lodine and Selenium, there was a
deficiency in Molybdenum, the enzyme FAD-
synthase, would have reduced ability to produce
FAD, from FAD, and so excess Serotonin could
not be removed by the FAD-dependent enzyme
Monoamine-oxidase. Potentially this would lead
to increased levels of serotonin, with subsequent
down-regulation of serotonin receptors and this
would then also result in depression. In the data,
5HIAA levels are low when glutaric acid is
greater than 1.0, suggesting that this is the cut-
off value for the activity of MAO. Levels, of
5HIAA had greatly increased up to that point
suggesting higher and higher levels of
production of serotonin.
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Lack of FMN, will also result in functional B2
deficiency and reduced production of both FMN
and FAD, the second active form of vitamin B2.
Cycling of vitamin B12 requires both FMN and
FAD for the enzyme methionine synthase
reductase, and FAD for  Methylene-
tetrahydrofolate reductase, and so in functional
B2 deficiency there will also be functional B12
deficiency, particularly for Methyl B12, which is
central to the production of the methylation
compound S-Adenosylmethionine (SAM). SAM
is critical for the conversion of NAcSer to
Melatonin, thus, in functional vitamin B12
deficiency, the production of Melatonin is
reduced. This in turn would lead to an
accumulation of the precursors, serotonin and
NA cetyl-serotonin. Overproduction of serotonin
would in turn cause depression due to receptor
down-regulation of the Serotonin receptors.
Clearly, the data would lie somewhere in
between the two extremes.

The situation would be somewhat different in
absolute vitamin B12 deficiency, as serotonin
production and also inactivation of excess
serotonin would not be compromised, and further
the production of kynurenic acid would also not
be compromised. In this situation, depression
would result purely from over-production of
serotonin  with  serotonin  receptor down-
regulation. The data presented is similar to the
work of others, in which functional vitamin B12
deficiency, as measured by elevated
homocysteine has been associated with
depression in many studies [36,37]. Of note,
serum levels of vitamin B12, in the subjects
studied was 909 pmol/L +/- 578; as such nearly
every person assayed would not have been
diagnosed with B12 deficiency if serum B12
levels were used.

The corollary to the study is that to effectively
treat depression, it would be important to
establish the functional sufficiency of the
minerals lodine, Selenium and Molybdenum, as
well as functional sufficiency of vitamin B2,
vitamin B6 and vitamin B12. Given the
interdependence of these minerals and vitamins
in maintaining the functional sufficiency of
vitamin B12, it would be essential that treatment

for depression includes appropriate correction of
these essential vitamins and minerals.

Conclusion

Comparison of the wurinary organic acid
metabolites of the  Tryptophan/Serotonin/
Kynurenine pathway with the traditional marker
of vitamin B12 deficiency, MMA, and the
riboflavin deficiency marker, glutaric acid, has
identified three potential mechanisms for the
development of depression in functional vitamin
B12 deficiency. In absolute vitamin B12
deficiency there is minimal production of
melatonin, leading to over-production of
serotonin and the serotonin break-down product
5HIAA. In contrast in deficiency of lodine,
Selenium, Molybdenum vitamin B2 and vitamin
B6, production of serotonin would be almost
non-existent leading to depression due the
inability to produce serotonin. An intermediate
condition would occur in which deficiency of
Molybdenum, alone, would lead to over-
production of serotonin, receptor down
regulation and resultant depression. Treatment of
depression would therefore only be effective if
adequate supplementation with lodine, Selenium,
Molybdenum, vitamin B2 and vitamin B6, plus
methyl vitamin B12 was achieved.
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