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ABSTRACT

It has been known for over 40 years that dietary insufficiency of vitamin B12 in pregnant mothers can lead to 
vitamin B12 deficiency in the children and is often accompanied by developmental delay. In a previous study we 
found a deficiency of functional vitamin B2 in each members of a cohort 600 children and adults with a diagnosis 
of Autism Spectrum Disorder (ASD) of various ages (18 months to 34 years). The same cohort has also been assessed 
for functional vitamin B12 and each member of the cohort assessed was found to have functional vitamin B12 
deficiency. The functional deficiency appeared to be related to the functional B2 deficiency that was attributed 
to insufficient dietary Iodine, Selenium and/or Molybdenum. The functional B12 deficiency occurred despite 
elevated serum B12 being found, and hence presents as Paradoxical vitamin B12 deficiency. As such, ASD due to 
functional B2 deficiency results in Paradoxical B12 deficiency, which differs from classical developmental delay due 
to vitamin B12 deficiency, as the later is correctable by administration of vitamin B12 alone. In contrast, ASD due 
to Paradoxical vitamin B12 deficiency requires resolution of functional B2 deficiency before treatment with vitamin 
B12 can be effective.
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INTRODUCTION	

It has been known for over 40 years that overt vitamin B12 
deficiency in mothers can lead to psychomotor regression, failure 
to thrive, developmental delay, ASD and intellectual disability 
in the neonate [1-10]. Normally such deficiency is “overt” and is 
readily identified by low serum vitamin B12 in the mothers and 
child [10-18]. Overt vitamin B12 deficiency is more typical of diets 
low in vitamin B12, such as vegetarian or vegan diets [6,12,18].

Standard measurement of serum vitamin B12 levels is performed 
on the assumption that the vitamin B12 measured is one of the 
active forms of vitamin B12, viz: Adenosyl or Methyl cobalamin, 
however, inactive forms such as cyanocobalamin, nitrosyl-
cobalamin, hydroxycobalamin, sulfitocobalamin and Co (II)
cobalamin are also measured and so will contribute to total serum 
B12. Hence serum B12 measurement is quantitative, but not 
qualitative. Potentially this could mean that a person may have 
high levels of serum cobalamin but be “suffering” from functional 
cobalamin deficiency, as despite the normal or elevated level of 
serum vitamin B12 measured the analogue that is measured may 
be largely inactive. There are two common markers of functional 
vitamin B12 deficiency, Methyl malonic acid (MMA) a marker for 
Adenosylcoblamin deficiency and homocysteine (Hcy) a marker 
of marker of functional Methylcobalamin deficiency, or lack of 

activity of methionine synthase. In addition, there are several other 
metabolic markers of functional vitamin B12 deficiency that are 
assessed in the Great Plains Laboratory (KS, USA) Urinary Organic 
Acids Test (OAT).

In a previous study [19], functional vitamin B2 sufficiency was 
assessed through the analysis of OAT data from a cohort of 600 
children and adults with ASD. In the current communication, 
data from these OAT tests has been analysed to determine if the 
members of the cohort also have functional vitamin B12 deficiency.

METHODOLOGY

Study sample 

Data analysis was carried out under the Australian National Health 
and Medical Research Council guidelines (NHMRC). Under these 
guidelines, all data was deidentified and steps were taken to ensure 
the anonymity and confidentiality of the data. Deidentification has 
consisted of absolute anonymity and confidentiality of the data, 
such that no specifics such as gender, ethnicity, Country of Origin, 
etc., is associated with any data point in the study.

As such per the NHMRC guidelines:
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1. The research does not carry any risk to the participants

2. The benefits of the research are many and will be of considerable 
benefit to any past, current or future participants, and as such 
represent no harm.

3. The data is from over 600 participants collected over 6 years 
and as such it would be impracticable to obtain consent from the 
participants. Further the participants had been notified at the time 
of analysis that data presented for analysis might potentially be used 
in research – but would be totally de-identified (which it has been).

4. There is no known reason why any of the participants would not 
have consented if they had been asked

5. Given the total de-identification of the data, there is absolute 
protection of their privacy

6. Data is only housed in one location and has only been assessed 
by one person, and as such the confidentiality of the data can be 
assured.

7. 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.

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

A retrospective analysis was performed upon data submitted to 
us for analysis from a cohort of 600 children and adults who had 
been diagnosed with ASD from countries including USA, Canada, 
United Kingdom, Ireland, Germany, Spain, France, Italy, Bulgaria, 
India, Sweden, Bulgaria, Serbia, Dubai, Croatia and Australia. Age 
distribution of the 600 individuals was 1-5 (358); 6-10 (172); 11-15 

(46); 16-20 (9); >21 (16). No selection was made in the acceptance of 
data, with no data being rejected. We were not made privy to either 
the methods of assessment nor of the severity of the Developmental 
Delay in the Children. Data is presented regardless of sex, or age. 
Ages varied from 1 year old to thirty-four years old. Metabolic 
analysis was performed on Organic Acid Test Data (600 sets, Great 
Plains Laboratories, Lenexa, KS, USA), which had been submitted 
to us for interpretation, by parents of children with autism spectrum 
disorder. This data (that from those with ASD) was compared to 
that from persons who were healthy, and who had no previously 
identified health condition (NT). Healthy individuals were selected 
who were consumed a standard omnivore diet, which included 
dairy, red meat, and regularly consumed a Mediterranean style diet. 
Data was tabulated in an Excel spreadsheet, and processed using 
the standard plotting functions in the program. Individual data is 
plotted as Scattergrams (Figures 1-3).

RESULTS

Analysis of OAT data from the cohort of 600 individuals 
diagnosed with ASD revealed each and every individual within 
the cohort had a functional deficiency in vitamin B12 (Figures 1-3 
and Table 1). Thus, there increased levels of MMA, a marker of 
Adenosylcobalamin (Adenosyl B12) deficiency (Figure 1), as well as 
greatly increased levels of the neurotransmitter metabolites, HVA, 
VMA, 5HIAA, QA and KA (Figures 2 and 3 and Table 1), which 
are characteristic of Methylcobalamin (Methyl B12 deficiency).

The degree of functional B12 deficiency was highly variable between 
ASD individuals as is reflected in the high standard deviation from 
the mean values (Table 1).

Figure 1: Methylmalonic acid in the urine of neurotypical (NT) and 
ASD individuals.

Figure 2: HVA acid (Left Panel) and VMA (Right Panel) in the urine of neurotypical (NT) and ASD individuals.
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Figure 3: Quinolinic Acid (Left Panel) and Kynurenic Acid (right panel) in the urine of neurotypical (NT) and ASD individuals.

Table 1: Functional Differences in Vitamin B12 -deficiency related markers between neurotypical (NT) persons and those with autism (ASD). Data is 
presented as Mean ± STD.

Marker NT ASD

Methyl malonic acid 0.66 ± 0.21 2.17 ± 2.5

Homovannilic acid 1.5 ± 1.07 6.35 ± 5.88

Vannillyl mandelic acid 1.01 ± 0.46 2.93 ± 1.64

5HIAA 0.52 ± 0.55 7.28 ± 16.55

Quinolinic acid 1.12 ± 0.65 5.08 ± 3.23

Kynerunic acid 0.45 ± 0.27 2.64 ± 3.64

QA:KA 3.12 ± 2.05 5.32 ± 12.89

DISCUSSION

Measurement of many markers in OAT indicated moderate to 
severe vitamin B12 deficiency in all individuals with a diagnosis of 
ASD, as analysed in the current study. Thus, levels of MMA, the 
“traditional” marker of Adenosyl B12 deficiency, were increased 
to as much as twenty-four times that of neurotypical individuals 
(Figure 1). Similarly, many less “traditional” markers associated 
with Methyl B12 deficiency were also elevated including KA, QA, 
5HIAA, VMA, and HVA (Figures 2 and 3 and Table 1).

According to the Equilibrium Law as expounded by Le Chatelier 
(Le Chatelier’s Principle) any change in conditions that effect an 
equilibrium will result in a corresponding change to establish a 
new equilibrium. This principle can be used to “drive” reactions 
to produce or reduce the products of a reaction or the amount of a 
particular substrate in a reaction. Hence in a reaction A+B ⇔ C+D, 
one can increase the amount of product of the reaction (C+D), if 
you increase [A] or [B] you can increase [C] and/or [D].

This principle has particular relevance to two methylation reactions 
in the body, the production of Epinephrine (Adrenalin) by the 
methylation of Norepinephrine by the enzyme Phenylethanolamine-
N-Methyl transferase (PNMT)

Norepinephrine+SAM (PNMT)=> Epinephrine and the production 
of Melatonin by the methylation of N-Acetylserotonin by the 
enzyme Hydroxy-Indole-O-methyl transferase (HIOMT). 

N-Acetylserotonin+SAM (HIOMT)=> Melatonin

Both enzymes (PNMT and HIOMT) require the methylation cycle 
product, S-Adenosylmethionine (SAM) for activity.

Studies suggest that in conditions of reduced methylation the body 
adapts by trying to drive the production of Adrenalin and Melatonin 
by increasing the amount of the precursors, Dopamine and Nor-
epinephrine (Adrenalin precursors) and N-Acetyl Serotonin and 
Serotonin (Melatonin precursors). This can be measured in OAT 
by increases in the degradation products HVA and VMA (Figure 
2) as well as an increase in the levels of QA and KA (Figure 3) and 
5HIAA (Table 1).

In a previous study [19], it was shown that each of the children 
assessed in this study was also found to be functionally deficient in 
vitamin B2. Given the absolute necessity for functional vitamin B2 
(as FMN and FAD) for the activity of Methylene-tetrahydrofolate 
reductase (MTHFR) and methionine synthase reductase (MTRR), 
two essential enzymes in the regeneration of MethylCo(III)B12 [20-
23], it is intriguing to speculate that it is the original functional 
vitamin B2 deficiency that subsequently caused the functional 
vitamin B12 deficiency. In this respect this would mean that the 
developmental delay, as measured, is not simply a consequence 
of low vitamin B12 in the mothers, a known predisposing factor 
for ASD, but rather it could result from functional B2 deficiency, 
which then causes gradual inactivation of vitamin B12, resulting in 
functional B12 deficiency, which would be indistinguishable from 
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This in turn would reduce the energy transfer down the Electron 
Transport Chain (ETC), and reduce the amount of ATP produced 
inside the mitochondria of these individuals, and thereby reduce 
the energy available within the cytoplasm, which would have a 
profound effect on the highly energy dependent neurons, with 
a reduction in neuronal conduction speeds, and reduced brain 
plasticity, network function, and behavioural systems [29].

Apart from its role in the production of adrenalin, melatonin 
and CoQ10, over 40% of all SAM-derived methylation within 
the body is used in the synthesis of creatine [30]. In this process 
Guanidinoacetate is methylated using S-Adenosylmethionine 
as the methyl donor, via the enzyme Guanidinoacetate-N-
methyltransferase (GAMT, also known as GNMT) to form creatine, 
with separate enzyme systems in the liver and the brain [31,32]. Lack 
of production of creatine leads to Cerebral Creatine deficiency, 
which has been shown to be associated with a group of treatable 
intellectual development disorders, including many conditions 
including prominent speech delay, particularly in expressive and 
cognitive speech [32], autism, epilepsy, movement disorders, and 
myopathy [33,34].

In a previous study we examined the mineral status of many of the 
ASD individuals within the current cohort and demonstrated that 
all children with ASD that were tested were deficient in one of more 
of Iodine, Selenium and Molybdenum. In line with the need for all 
of Iodine, Selenium and Molybdenum in the activation of vitamin 
B2, this deficiency was accompanied by an expected deficiency in 
functional vitamin B2. The current study demonstrates that the 
functional deficiency in vitamin B2, observed in the test cohort, 
leads to an expected deficiency in functional vitamin B12

It has been known for over 40 years that vitamin B12 deficiency 
in the neonate is associated with developmental delay in children 
[14,28,33-39]. These early studies were somewhat different to the 
current study in that the children with ASD in the previous studies 
had an absolute deficiency in serum vitamin B12. In contrast 
children in the current study have been found to have both a 
functional deficiency in vitamin B2 and a functional deficiency in 
vitamin B12 with normal to elevated serum B12. These findings 
would suggest that potentially the dramatic increase in the rate of 
ASD over the past 20 years could be due to decreases in the intake of 
Iodine, Selenium and/or Molybdenum in countries, in which soil 
deficiencies of these minerals are now more common. Potentially 
this would suggest that lack of one single nutrient could be the 
precipitating event that results in the spectrum of developmental 
delays such as those seen in autism. Of note is the potential that any 
of the deficiencies would ultimately lead to reduced methylation 
and cerebral creatine deficiency, with the accompanying symptoms.

The current studies fill a critical gap in the understanding of the 
mechanism behind the factors involved in developmental delay 
typical of ASD, and as such greatly aid in the understanding of 
the cause behind the condition and therefore provide a potential 
mechanism for the prevention and treatment of ASD.

Firstly, they support earlier studies in which Iodine deficiency was 
found to be the single most preventable cause of developmental 
delay, and identify the pathway of vitamin B2 activation whereby a 
deficiency of any of Iodine or Selenium or Molybdenum deficiency, 
would result in functional vitamin B2 deficiency. 

Secondly, they describe how this functional deficiency in vitamin 
B2 would ultimately result in the eventual inactivation of vitamin 
B12 and so result in functional deficiency in vitamin B12, a known 

absolute B12 deficiency in symptoms, but would be dismissed by 
the clinician due to there being normal or elevated serum vitamin 
B12 levels. Low functional B2, both through the reduced ability to 
make active B6 (PLP), also reduces the activity of the enzyme serine-
hydroxymethyltransferase (SHMT) and then greatly reduces activity 
of the methylation cycle (Figure 4).

Reduced levels of active vitamin B2 as FMN and FAD also reduce 
the ability of the enzyme methionine synthase reductase to maintain 
the activity of the enzyme Methionine synthase. Thus, under 
conditions of functional B2 deficiency, the activity of Methionine 
Synthase reductase rapidly reduces and so too the function of 
Methionine Synthase. The result is that will be an accumulation 
of inactive Co(II)B12, which, because of the FMN/FAD deficiency, 
cannot be re-activated by MTRR and so will contribute to a large 
circulating pool of inactive serum vitamin B12. Studies looking 
at individuals with mutations in either methionine synthase or 
methionine synthase reductase have shown, that developmental 
delay is common [24-28]. Given that the identity of serum B12 
is not routinely measured, it is only by looking at biochemical 
markers of deficiency, as has been done in this study, that there 
can be an accurate diagnosis of functional B12 deficiency in these 
children. Further, the consequence of vitamin B2 deficiency-
mediated functional B12 deficiency, is that unless the functional 
B2 deficiency can be fixed, one can never fix the functional B12 
deficiency. 

Lack of methylation due to functional methyl B12 deficiency would 
also reduce the production of the Electron Transport System shuttle 
vector CoQ10, whose synthesis requires three methylation steps. 

Figure 4: Involvement of FMN/FAD and PLP in the Methylation 
cycle. Upper panel MTHFR and production of 5MTHF. 
Lower panel rejuvenation of MethylCo(III)Cbl from Co(II)Cbl 
via MTRR. S-AdoHcy: S-Adenosylhomocysteine; S-AdoMet: 
S-Adenosylmethionine; MTHFR: Methylenetetrahydrofolate 
Reductase; MTR: Methioninesynthase; MTRR: methioninesynthase 
reductase; SHMT: Serine-hydroxymethyltransferase; PLP: 
Pyridoxal phosphate; FAD: Flavin adeninedinucleotide; 5MTF: 
5-methylenetetrahydrofolate; 5,10-methylene THF: 5,10-methylene 
tetrahydrofolate.
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predisposing factor for developmental delay as typified in ASD.

Thirdly, through its role in the methylation cycle the studies identify 
critical methylation products which are essential for neurological 
development, including the production of melatonin, an essential 
molecule for the differentiation and maturation of neuronal stem 
cells into myelin producing oligodendrocytes, and importantly 
in the production of the energy transfer molecules, CoQ10 and 
creatine. In this regard a deficiency in creatine alone has been 
known to result in many of the symptoms typical of ASD.

CONCLUSION

Dietary deficiency of Iodine, Selenium and/or Molybdenum 
in mothers results in insufficient activation of dietary vitamin 
B2, with subsequent functional deficiency in vitamin B2 in the 
foetus. This deficiency then results in a reduced capacity of the 
child to gain energy from the metabolism of fats, sugar and protein. 
Furthermore, the deficiency of functional B2 in the mother and 
foetus potentially leads to the accumulation of inactive vitamin B12 
in the foetus, thereby leading to reduced production of melatonin, 
an essential molecule for neuronal development and the reduced 
production of the energy transfer molecules, CoQ10 and creatine, 
and it is this that leads to the spectrum of developmental delays 
that is characteristic of Autism Spectrum Disorder.
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