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Abstract: Vitamin B12 (cobalamin) is essential for neurodevelopment, particularly during pregnancy
and early childhood. Its deficiency has been implicated in neurological disorders, but also autism
spectrum disorder (ASD). Maternal B12 levels influence fetal brain development, and inadequate
intake may increase ASD risk. Postnatally, insufficient cobalamin in a child’s diet could further
impact neurodevelopment. One mechanism linking B12 deficiency to ASD involves its role in gut
microbiota balance. Dysbiosis, common in ASD, is associated with low-grade inflammation and gut-
brain axis disruptions. Additionally, B12 is crucial for neurotransmitter metabolism, including
serotonin and dopamine synthesis, and for neuronal myelination—both essential for cognitive and
behavioral function. Despite emerging evidence, the link between B12 and ASD remains inconclusive
due to inconsistent findings. Research suggests B12 may serve as a biomarker for disease progression
and treatment response. However, most studies rely on single-time-point measurements, failing to
account for individual variability and external influences such as diet and environment. Longitudinal
studies are needed to clarify whether early B12 supplementation could mitigate ASD symptoms.
Identifying children at risk of deficiency and promoting maternal and early-life nutrition may aid in
prevention and intervention.

Keywords: autism spectrum disorder; ASD; cobalamin; vitamin B12; supplementation; microbiome;
dysbiosis

1. Introduction

Although vitamin B12 (cobalamin) is synthesized primarily by plant organisms, its natural
sources in the human diet are predominantly meat, eggs, and dairy products [1]. It is absorbed in the
terminal ileum in the presence of Castle factor, which is produced by the parietal cells of the stomach
[2]. It is particularly important to obtain adequate amounts of the aforementioned vitamin through
food during pregnancy and breastfeeding, as it is essential for optimal functioning of the body,
including maintaining the health of the nervous system of the mother and the child. Insufficient
cobalamin can affect the body indirectly. A deficiency in this vitamin during pregnancy has been
linked to an elevated risk of metabolic disorders in the mother, including obesity and insulin
resistance These conditions have the potential to negatively impact fetal development [3,4]. Low
levels of vitamin B12 have been demonstrated to suppress critical processes involved in the normal
development of the fetal nervous system. These processes include reduced activity of methylation
DNA, RNA, histones, and important enzymes necessary for myelin synthesis. These findings suggest
that cobalamin deficiency may have adverse effects on fetal development, including neural tube
defects and impaired neurological development. [5-7]. A prolonged deficiency of vitamin B12 can
result in demyelination or damage to the myelin sheaths that surround nerve fibers in the brain and
spinal cord. This can lead to the development of motor disorders, motor coordination problems, and
impaired sensory function [8]. This underscores the importance of supplementation of this nutrient
during key periods of a woman's life. Health Canada guidelines, for prenatal nutrition, recommend
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a vitamin B12 intake of 2.6 pg per day for pregnant women and 2.8 pg per day for breastfeeding
women [9].

From a clinical point of view, the symptoms of severe and long-term cobalamin deficiency and
autism spectrum disorder (ASD) are similar. ASD is a neurodevelopmental disorder marked by
challenges in social communication and interaction, as well as repetitive behavioral patterns. In both
long-term cobalamin deficiency and autism spectrum disorder, neurological symptoms may occur,
including motor, cognitive, and mood-related impairments [1,10,11]. An increasing number of
studies are indicating the possibility of a correlation between vitamin B12 deficiency and the
emergence of ASD [12-14].

This narrative review analyzes the latest literature on the relationship between vitamin B12
deficiency and excess and the risk and development of autism. Both the results and limitations of
available studies were taken into account to indicate directions for future research that could provide
more conclusive answers about the role of this vitamin in the etiology and course of ASD.

2. Materials and Methods

The aim of this narrative review is to explore the potential role of vitamin B12 in autism spectrum
disorder, with a particular focus on its involvement in neurodevelopment, gut microbiota regulation,
and neurotransmitter metabolism. Given the growing interest in biological factors contributing to
ASD, this review examines existing evidence on B12 levels in individuals with ASD, its potential as
a biomarker for disease progression, and the implications for therapeutic strategies, including
supplementation.

Studies included were published between 2000 and 2024. The literature search was conducted
on PubMed, Web of Science and Google Scholar in December 2024, covering studies from 2000 to
2024 using relevant search terms, including “vitamin B12, cobalamin, ASD, autism spectrum
disorder, gut microbiota, neurodevelopment, neurotransmitters, inflammation, biomarkers,
supplementation”. Both original research and review articles were considered during the initial
screening. Mendeley software was used to remove duplicates that appeared due to overlapping
search terms.

Since this work is a narrative review, no strict inclusion criteria were established for the selection
of articles. During the screening process, studies addressing the role of vitamin B12 in autism were
included, along with selected studies exploring this issue in animal models. Based on titles and
abstracts, conference abstracts were excluded. Studies not written in English were also omitted.
Additionally, supporting literature on potential therapeutic approaches was included. It is essential
to note that review is not systematic, and despite attempts to cover all studies, one should keep in
mind significant limitations.

3. The Role of Vitamin B12 in Nervous System Development and Metabolism
During the Prenatal and Early Childhood Periods

The appropriate development of the nervous system in children results from a multifaceted
process, during which both the prenatal and early years of life are paramount importance [14].
Pregnancy is a period of significant metabolic changes, necessitating an enhanced intake of specific
nutrients [15]. The early childhood period is distinguished by the rapid growth and organization of
the nervous system, which remains susceptible to external environmental factors and nutritional
inputs [16]. Among these nutrients, vitamin B12 is particularly important for normal neurological
development and thus merits detailed discussion [5,14,17].

Vitamin B12 is a complex compound comprising a central cobalt atom surrounded by a corrin
ring and bound to various ligands [5]. At the cellular level, it functions as a cofactor for enzymatic
reactions and is involved in synthesizing and regulating dopaminergic and serotonergic
neurotransmitters [18]. Furthermore, it plays a crucial role in the production of hemoglobin, as it
catalyzes the conversion of methylmalonic acid to succinyl-CoA, which is essential for optimal
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erythropoiesis [18,19]. In regard to neurodevelopment, vitamin B12 is functioning as a methyl donor
in one-carbon metabolism, which facilitates the proper methylation of DNA, RNA, histones, and
proteins [20,21]. Deficiencies in cobalamin at this level can result in the reduction of DNA synthesis
and methylation levels [8]. Furthermore, vitamin B12 functions as a cofactor for methylmalonyl-CoA
mutase (MUT) [22-24]. MUT employs cobalamin in the form of adenosylcobalamin to facilitate the
conversion of L-methylmalonyl-CoA to succinyl-CoA, which subsequently enters the tricarboxylic
acid (TCA) cycle. A deficiency of vitamin B12 has been demonstrated to result in impaired MUT
activity, which can in turn lead to defective synthesis of myelin, and thus to the development of
neuropathy and nerve atrophy [25] (Figure 1).
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Figure 1. The role of vitamin B12 in neurodevelopment. Vitamin B12 acts as a cofactor for methylmalonyl-CoA
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mutase (MUT). MUT uses vitamin B12 in the form of adenosylcobalamin to facilitate the conversion of L-
methylmalonyl-CoA to succinyl-CoA, which then enters the tricarboxylic acid (TCA) cycle, a key process in
myelination. Cobalamin also plays a role as a methyl donor, which facilitates the correct methylation of DNA,
RNA, histones and proteins. Vitamin B12 is involved in the synthesis and regulation of dopaminergic (DA) and

serotonergic (5-HT) neurotransmitters.

4. The Relationship Between Vitamin B12 Deficiency and
Neurological Development

Numerous studies emphasize the necessity of maintaining sufficient levels of vitamin B12 from
the beginning of pregnancy to facilitate its proper course and optimal neurological development of
the infant, although the results of many of them do not allow for clear conclusions.

One such study is a prospective cohort study that assessed the relationship between the mother's
vitamin B12 level at the beginning and end of pregnancy and the neurological development of infants
40 days after birth. The study's findings indicated that newborns whose mothers had an average
serum cobalamin concentration of 312 to 408 pg/ml during pregnancy demonstrated superior motor
skills, gross motor skills, language, and cognitive functions [26]. It has been demonstrated in other
studies that infants born to mothers with vitamin B12 deficiency during pregnancy exhibit
substandard performance on cognitive assessments in comparison to infants born to mothers with
adequate cobalamin levels. On the other hand, clear deficits in cognitive development were observed
in the cohort of mothers who showed simultaneous deficiencies of vitamin B12 and B6, which may
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indicate the additional contribution of deficiencies of other vitamins in the etiology of cognitive
disorders in infants [27]. However, it should be noted that both of the above-mentioned studies were
primarily observational, which excludes the possibility of drawing clear conclusions from them
regarding the impact of vitamin B12 deficiency in pregnant women on the development of
neurodevelopmental dysfunction in children. This assertion is particularly salient in light of the
findings of another prospective study by Wu et al., which failed to establish a correlation between
the total vitamin B12 or holotranscobalamin (the active form of vitamin B12) levels in the mother's
blood and the cognitive development of infants. It is imperative to acknowledge the limitations
inherent in this study, particularly the absence of data regarding cobalamin levels in children and the
modest sample size [28]. It is important to acknowledge the limitations of this study, particularly the
absence of data regarding cobalamin levels in children and the modest sample size.

Similarly, five selected prospective cohort studies that were conducted in different countries and
concerned the impact of maternal vitamin B12 supplementation on children's cognitive development
yielded inconclusive results. The studies analyzed data from mothers and their children, including
indicators of cognitive, linguistic, and/or motor development. Some of them suggested a link between
vitamin B12 deficiency and poorer cognitive development in children; however, others did not
confirm these observations [29-33]. Therefore, it is worth paying attention to the differentiating and
converging factors in the selected group of publications. The first point of divergence is geographical
diversity, which is important given that vitamin B12 deficiency in both children and mothers can
manifest itself with different frequencies depending on the region and the dietary patterns typical of
the population that inhabits it. These studies were conducted in India, Singapore, the United
Kingdom and Spain. In addition, the researchers used different methods to assess cobalamin levels,
and the specific time points at which measurements were taken varied considerably between studies.
However, despite the numerous discrepancies, most studies, based on the sources provided, confirm
the negative impact of low vitamin B12 levels in pregnant women on the subsequent neurological
development of children.

The most relevant and reliable randomized controlled trials (RCTs) also do not provide a clear
answer. Two RCTs were conducted by the same research team, but differed significantly in the age
at which the cognitive development of the children was assessed [34,35]. The first study (2017) used
the Bayley Scales of Infant Development III (BSID-III) to assess the cognitive development of children
aged 9 months. The results showed no statistically significant differences in the scores on the
aforementioned scale between infants born to mothers who received vitamin B12 supplementation
and those whose mothers received a placebo. However, a significant correlation was found between
elevated maternal serum homocysteine levels assessed in three trimesters of pregnancy and poorer
outcomes among infants in some BSID-III subscales [34]. The second study was a randomized
controlled clinical trial conducted on the same group of participants, but this time the children were
30 months old (2019). The results indicated that children of mothers who received vitamin B12
supplementation during pregnancy demonstrated higher scores in the expressive language domain
compared to children of mothers who received a placebo. Consistent with the preceding study, a
substantial correlation was identified between elevated homocysteine levels during the second and
third trimesters of pregnancy and diminished expressive language and gross motor skills
development in children [35]. Vitamin B12 deficiency is associated with hyperhomocysteinemia,
which results in excessive accumulation of homocysteine in the body and consequent cell damage,
and this condition is associated as a risk factor for neurodegenerative diseases [36]. The reason for
the discrepancies in the studies may be that in the first study, vitamin B12 supplementation was
stopped at six weeks postpartum, which could have led to a decrease in cobalamin levels in both
mothers and infants. Furthermore, the second study had a larger number of participants. It should
also be noted that the assessment of cognitive function in infants is less reliable compared to older
children.

Despite these discrepancies, the studies suggest that long-term vitamin B12 supplementation
during pregnancy may have a positive effect on the development of expressive language in children.
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Subsequent studies analyzing the effect of vitamin B12 deficiency on the development of neurological
disorders in children should also take homocysteine levels into account. Previous studies have shown
that elevated homocysteine levels during pregnancy, like vitamin B12 deficiency, are risk factors for
neural tube defects and related neurological complications [37].

5. Consequences of Excess Levels of Vitamin B12

In newborns whose mothers had adequate levels of vitamin B12, it stores at birth in serum are
approximately 25 pg [38]. In the case of infants born to mothers with a cobalamin deficiency, their
endogenous reserves may be significantly reduced [39]. As described above, vitamin B12 is a vital
nutrient for the optimal functioning of the nervous system and plays a pivotal role in DNA
methylation processes [40—-42]. Conversely, there is a paucity of evidence to suggest that an excess of
cobalamin can also have adverse effects [43,44].

The study by Yuan et al. revealed a correlation between elevated (>95 percentile) maternal
vitamin B12 levels and an increased risk of pregnancy complications, including intrahepatic
cholestasis of pregnancy (ICP), preeclampsia (PE), and gestational diabetes mellitus (GDM).
Additionally, high vitamin B12 levels have been shown to disrupt the natural development of the
fetus, resulting in higher birth weight and was associated with a higher risk of large-for-gestational-
age (LGA) newborns [43]. This suggests that the optimal vitamin B12 and other vitamin levels for
pregnant women need to be determined. To achieve this goal, further research is needed based on a
large group of participants to obtain the most conclusive results. This will allow for evidence-based
recommendations on the use of this vitamin during pregnancy, so that the dose taken is safe for the
fetus.

It is of significant importance to consider both deficiency and excess of vitamin B12 when
administering vitamin B12 supplementation. It has been demonstrated that both infrequent (<2 times
per week) and frequent (>5 times per week) supplement intake is associated with an increased risk
of ASD. Conversely, moderate multivitamin supplement intake (3-5 times per week) during
pregnancy has been linked to a decreased risk of ASD [45]. The findings of this study are
groundbreaking in that they address a gap in the existing literature by examining the potential impact
of over-supplementation with vitamin B12, which is a topic that has not been explored in previous
studies. The only limitation of this study is the lack of analysis of vitamin B12 levels in children. The
findings of this research provide a foundation for future research aimed at identifying optimal levels
of essential nutrients, such as cobalamin, that are crucial for normal fetal neurological development
and child health after birth.

6. Impact of Maternal Vitamin B12 Levels During Pregnancy on ASD Risk
in Offspring

The available literature contains only a limited number of studies that directly examine the
relationship between vitamin B12 levels during pregnancy and the risk of developing autism
spectrum disorder in offspring. The three months prior to conception and the first month of
pregnancy have been identified as critical periods for the development of the fetal nervous system
due to the closure of the neural tube. A disruption of this process can result in the development of
autism, at least in some cases [46].

One study that evaluated the effect of vitamin B12 deficiency on the development of autism is a
long-term clinical-control study conducted by Sourander et al.,, which included 1,558 children
diagnosed with ASD and the same number of children in the control group. The results were
inconclusive because no significant relationship was found between the level of vitamin B12 in the
mother's serum and the risk of autism spectrum disorder in the offspring. However, both elevated
vitamin B12 levels (=81st percentile) and reduced levels (<20th percentile) in the first trimester of
pregnancy were associated with an increased risk of childhood autism in offspring [44]. The most
important limitations of the study are the lack of routine vitamin B12 measurements in newborns and
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the fact that the study was conducted on people with strongly expressed ASD traits, which limits the
possibility of generalizing the results.

On the other hand, Schmidt et al. have shown that prenatal intake of vitamins, including vitamin
B12, in the preconception period can potentially reduce the risk of autism in a child, especially in
mothers and children with specific variants of one-carbon metabolism genes (maternal MTHFR 677
TT, CBS rs234715 GT + TT, and child COMT 472 AA genotypes) [46]. However, the study has several
limitations. The vitamin intake was based on the mothers' self-assessment. Since their dietary habits
were not analyzed, it cannot be ruled out that the information provided did not always correspond
to the actual level of supplementation. Another limitation is the lack of vitamin B12 analysis in
children.

In another study by Hollowood-Jones, a significant relationship was found only between low
vitamin B12 levels and autism. Two to five years after giving birth, the metabolic profiles of mothers
of children with autism spectrum disorder (ASD-M). were analyzed and compared with the profiles
of mothers of typically developing children (TD-M). All participants had not consumed folate,
vitamin B12, or multivitamin supplements for two months prior to sampling. The results showed that
ASD-M had some significantly different abnormalities associated with low vitamin B12 levels
compared to TD-M. Moreover, vitamin B12 levels were significantly lower in the ASD-M group
compared to the TD-M group, confirming the link between low vitamin B12 levels in mothers and
autism [47].

Other studies of comparable significance suggest that, in addition to B12, other vitamins,
including A, D, and K, may also contribute to an elevated risk of autism in offspring [48]. Chen et al.
found a significant correlation between lower levels of vitamin D in the mother's serum during the
first trimester of pregnancy and an increased risk of autism spectrum disorders in the offspring [49].
However, the researchers did not confirm a link between cobalamin levels and the occurrence of
autism. Noteworthy limitations of the study include its relatively small sample size, which hinders
the reliability of the findings.

7. Effect of Vitamin B12 Deficiency on Symptoms Severity in Children with
Autism Spectrum Disorder

For a considerable period, scientists have been making intensive efforts to the identification of
metabolic biomarkers that have the potential to serve as diagnostic tools for children with ASD, with
the objective of differentiating them from healthy children [50]. The result of these efforts is a number
of studies that point to low levels of vitamins, important for the development of the nervous system,
as a potential differentiating factor. One study that examined this relationship is a comparative study
by Zou et al. in which a reduced vitamin B12 level compared to normal was the differentiating factor
between the group of children with ASD and the healthy group [51]. Li et al. obtained similar results,
showing that both the vitamin B12 level was lower in children diagnosed with ASD, but also that
they scored higher on the Childhood Autism Rating Scale (CARS) compared to the control group
[52]. Concurrently, a team of researchers led by Belardo et al. conducted a study to assess the potential
impact of co-occurring deficiencies of vitamins B6, B9, and B12 on specific phenotypic characteristics
associated with autism spectrum disorders. The researchers employed a metabolomic and
methylomic approach to analyze urine samples from children with ASD who exhibited deficiencies
in these vitamins [53]. Another particularly important study that analyzed the relationship between
vitamin B12 levels and specific characteristics related to neurodevelopmental processes is the study
conducted by Wu et al. The authors used the Gesell Developmental Scale to assess the functions that
indicate the level of maturity of a child in the most important areas of his or her behavior. In children
aged 2-4 years, serum vitamin B12 levels showed a positive correlation with language development
quotients, while in the 4-6 age group, with adaptive, motor and social behavior skills [54]. While the
aforementioned study suggests a potential correlation between vitamin B12 levels and autism, there
are other studies, such as the observational study by Shi et al., which found no statistically significant
difference in vitamin B12 levels between the ASD group and the typically developing control group.
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The study included a relatively small number of participants (132 children with ASD and 132 children
with TD), which may have reduced the likelihood of detecting subtle differences in vitamin B12 levels
between the groups [55]. Similarly, no significant differences in vitamin B12 levels were found
between children with ASD and TD in another case-control study conducted in Haikou, China, by
Guo et al [56].

The studies discussed thus far have concentrated on examining the relationship between vitamin
B12 levels and the severity of autism symptoms in groups of children with full-blown ASD. However,
there is now a growing necessity to extend the scope of the study to encompass children exhibiting
so-called "subdiagnostic" autism symptoms. The term refers to a situation in which a child exhibits
some of the characteristics of ASD, but the presentation is not severe enough to meet the full
diagnostic criteria for the disorder. This is the group that Arija et al. chose as their research target
when assessing the intake of nutrients important for development among children with full autism
and those with subdiagnostic autism symptomes. It turned out that the diet of both groups of children
with neurodevelopmental disorders was poorer in terms of vitamin B12 content compared to children
developing normally [57].

8. Possible Causes of Low Vitamin B12 Levels in ASD

Some studies show that children with autistic traits have relatively lower vitamin B12 levels
compared to children without these traits, with the differences becoming more pronounced in later
childhood. A nutrient-poor diet may be one of the factors responsible for cobalamin deficiencies. The
dietary patterns of autistic individuals may affect their overall health and well-being, which is of
particular importance in the context of their neurological development [58-60]. Vitamin B12 intake
was shown to be significantly lower among children and adolescents with autistic traits compared to
those without. The study's authors suggest that the reduced intake of vitamin B12 may be related to
the reduced consumption of animal products, fish and legumes among those with autistic traits [61].

Another reason for a lack of cobalamin, which is often suggested by researchers, is
malabsorption syndrome [62]. Erden et al. conducted a study that examined the association between
malabsorption, vitamin B12 deficiency, and the emergence of autism in children. The authors
observed a substantial decrease in serum vitamin B12 levels in children diagnosed with autism.
However, they did not establish a correlation between cobalamin levels and the presence of anti-
phosphatidylserine antibodies (APCA) [40]. Therefore, special attention should be paid to the diet of
children with ASD, and monitoring of nutrient intake should be recommended throughout their
development, rather than at specific points in time, as at each stage of development, the intake of
adequate nutrients has a significant impact on the functioning of the nervous system.

9. Vitamin B12 Supplementation in ASD

Some studies show that children with autistic traits have relatively lower vitamin B12 levels
compared to children without these traits, with the differences becoming more pronounced in later
childhood. A nutrient-poor diet may be one of the factors responsible for cobalamin deficiencies. The
dietary patterns of autistic individuals may affect their overall health and well-being, which is of
particular importance in the context of their neurological development [58-60]. Vitamin B12 intake
was shown to be significantly lower among children and adolescents with autistic traits compared to
those without. The study's authors suggest that the reduced intake of vitamin B12 may be related to
the reduced consumption of animal products, fish and legumes among those with autistic traits [61].

Another reason for a lack of cobalamin, which is often suggested by researchers, is
malabsorption syndrome [62]. Erden et al. conducted a study that examined the association between
malabsorption, vitamin B12 deficiency, and the emergence of autism in children. The authors
observed a substantial decrease in serum vitamin B12 levels in children diagnosed with autism.
However, they did not establish a correlation between cobalamin levels and the presence of anti-
phosphatidylserine antibodies (APCA) [40]. Therefore, special attention should be paid to the diet of


https://doi.org/10.20944/preprints202503.0807.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 March 2025 d0i:10.20944/preprints202503.0807.v1

8 of 16

children with ASD, and monitoring of nutrient intake should be recommended throughout their
development, rather than at specific points in time, as at each stage of development, the intake of
adequate nutrients has a significant impact on the functioning of the nervous system.

10. Vitamin B12 Supplementation in ASD

An intriguing result emerged from a study conducted by Hendren et al., which sought to assess
the potential of methyl-B12, a pivotal enhancer of methylation responses, in alleviating autism
symptoms [63]. The study was based on the hypothesis that children with autism may have a limited
ability to methylate DNA, as well as impaired antioxidant processes associated with the diagnosis of
autism spectrum disorder [64]. A total of 57 autistic children aged 3 to 7 years with an IQ above 50
were randomly assigned to an 8-week treatment regimen of methyl-B12 at a dose of 75 ug/kg body
weight or a placebo with saline solution. The clinical improvement achieved among children with
ASD treated with methyl-B12, as compared to the control group, was positively correlated with an
increase in methionine concentration in blood plasma, a decrease in S-adenosyl-l-homocysteine
(SAH) concentration, and an improvement in the S-adenosylmethionine (SAM) to SAH ratio [63]. The
results obtained indicate an increase in the ability to methylate DNA and cellular antioxidant
potential under the influence of methyl-B12, as well as their potentially positive impact on the
symptoms of autism.

On the other hand, a study conducted by Bertoglio et al. did not show an overall improvement
in the group of children with autism receiving methylcobalamin, but 30% of the children showed a
clinically significant change in behavior and an increase in glutathione (GSH) levels. These results
suggest that methyl B12 supplementation may benefit children with autism, especially those with
impaired methionine metabolism and/or increased oxidative stress. In Bertgolio's study, all
participants received both methylcobalamin and placebo for six weeks, but in a different order [65].
In contrast, the study by Hendren et al. was a parallel study, meaning that participants were
randomly assigned to one of two groups: a group receiving methylcobalamin vitamin B12 or a
placebo group [63]. Slight differences in the study design can have a significant impact on the results.
In cross-over studies, there is a possibility of a carry-over effect, in which the effects of the initial
treatment phase can influence the results of the subsequent phase. In parallel group studies, by
implementing interventions in different groups simultaneously, this risk is reduced, increasing the
reliability of the results. Both studies, despite different methodologies, indicate the potential
effectiveness of methylcobalamin supplementation of vitamin B12 in some children with autism.

A meta-analysis evaluating the efficacy of cobalamin treatment in ASD demonstrated
improvements in methylation capacity and the total glutathione redox ratio resulting from vitamin
B12 supplementation. These improvements were associated with clinical improvements in ASD
symptoms, including communication, interpersonal skills, and functioning in daily life. Additionally,
improvements were observed in sleep, gastrointestinal symptoms, hyperactivity, tantrums, non-
verbal IQ, eye contact, echolalia, stereotypies, anemia, and bedwetting. The most commonly observed
adverse effects of the therapeutic intervention under examination were hyperactivity, irritability,
sleep disturbances, aggression and behavioral deterioration. However, these were few and mild in
intensity, and moreover, they did not differ significantly from those observed in the placebo group
[66].

11. Interaction of Vitamin B12 with Gut Microflora and Autism

Some studies indicate that autism may be a consequence of a distinct composition of gut
microbiota (dysbiosis) compared to healthy individuals, through its impact on the gut-brain axis,
especially since the gut microbiota produces nearly 40% of all human metabolites [67-69]. Meta-
analysis showed that children with ASD exhibit dysbiosis compared to neurotypical children, with
specific bacterial groups examined [70]. The microbiota of children with ASD, as evaluated in the
study, exhibited an increased abundance of Bacteroides, Parabacteroides, Clostridium, Faecalibacterium,
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and Phascolarctobacterium, in comparison to a neurotypically developed control group. Conversely, a
decreased abundance of Coprococcus and Bifidobacterium was observed. The alterations in the
microbiota were linked not only to comorbid gastrointestinal issues but also to elevated autistic
symptoms. However, this meta-analysis is not without limitations. The results of the studies are
inconclusive and often contradictory. The groups analyzed were heterogeneous in terms of age,
gender, methodology and study design. Moreover, it was not possible to assess bacterial diversity at
the species level. It is worth noting that there is no optimal and universal composition of the gut
microbiota; rather, it is the balance and diversity in the bacterial population that is crucial for the
proper functioning of the immune and nervous systems [70].

Furthermore, a growing body of research indicates that not only the infant's microbiota, but also
the mother's gut dysbiosis during pregnancy may be important in the development of autism. The
reason for this may be the state of maternal immune activation (MIA), which can potentially alter
microglia function [71]. Dysbiosis may weaken the gut barrier, increasing the risk of inflammation
and neurotoxic effects from bacterial metabolites [72]. Physiologically antimicrobial peptides
produced by the intestinal epithelium are concentrated in the inner layer of the mucus covering the
epithelium, where they destroy bacteria that have managed to penetrate the deeper layers of the
mucus. This prevents damage to the bacterial cells of the microbiota that inhabit the outer layer of
mucus. In addition, secretory IgA (sIgA) is more concentrated in the outer layer of mucus, protecting
the intestinal microbiota from an immune response [73]. The intestinal barrier serves a protective
function against the entry of pathogenic microorganisms and their metabolites, which could
stimulate an immune response in the form of increased production of pro-inflammatory interleukins,
including IL-1, IL-6, and IL-8. Studies have demonstrated that elevated levels of pro-inflammatory
interleukins are a hallmark of children diagnosed with ASD, with increases in IL-1B, IL-6, IL-4, IFN-
v, and TGF-f3 observed [71].

Living in symbiosis with the human body, commensal microorganisms require a variety of
vitamin combinations, with cobalamin serving as an essential enzyme cofactor for methionine
synthesis, nucleotide metabolism, carbon and nitrogen metabolism, and other cellular processes. The
synthesis and transport mechanisms utilized by different bacterial species vary [74]. As both humans
and bacteria require exogenous cobalamins, it can be postulated that the gut microbiota may be in
direct competition with its host for cobalamin [75]. It has also been shown that the production of
vitamin B12 by bacteria colonizing the intestine enables them to modulate excitatory synaptic
transmission (Figure 2) [76]. Kang et al. used nematodes C. elegans with the unc-2/CaV2a(gf)
mutation in presynaptic voltage-gated calcium channels as an animal model to study this
relationship. Their goal was to recreate the conditions of increased excitatory transmission and
imbalance between excitation and inhibition, which are likely to underlie autism. When the
nematodes were given a medium containing bacteria that synthesize vitamin B12 (Comamonas
aquatica, Pseudomonas putida), a significant reduction in hyperactivity was observed. This effect did
not occur with bacterial strains that did not produce vitamin B12 [77].
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Figure 2. a) Bacteria that produce vitamin B12 in the intestines modulate neurotransmission and reduce excessive
arousal. b) Other bacterial strains can compete with the host for cobalamin, depriving them of this vitamin from

an exogenous source.

On the other hand, it has been shown that cobalamin reduces cholinergic signaling in the
nervous system by changing the methionine (Met)/S-adenosylmethionine (SAM) cycle in the
intestines, which consequently reduces the availability of free choline used by neurons to synthesize
acetylcholine [77]. It is worth noting that previous studies have shown that low levels of acetylcholine
may be a contributing factor to the onset of autism-related symptoms, and acetylcholinesterase
inhibitors have emerged as a potential avenue for therapeutic intervention in ASD [78].

Two further animal studies that investigated the relationship between the microbiome, vitamin
B12 and autism are particularly noteworthy. The first is an experimental study by Abujamel et al. on
male Sprague Dawley rats. The authors investigated the effect of altering the intestinal microbiota —
by administering Bifidobacterium longum (BF) and fecal microbiota transplantation (FT) — on vitamin
B12 biosynthesis in the intestine. Supplementation with Bifidobacterium longum increased intestinal
vitamin B12 biosynthesis and restored the behavioral phenotype of autistic rats to levels observed in
the control group. [79]. Equally important is the study by Alfawaz et al. on male Western Albino rats
with propionic acid-induced autism (PPA) [80]. Inducing autistic traits in animals with propionic
acid is a widely used research method for modeling the behavioral and neurological aspects of autism
spectrum disorders in laboratory conditions. The study aimed to evaluate the effect of vitamin B12
supplementation on oxidative stress, lipid metabolism and gut microbiota composition. Vitamin B12
supplementation showed beneficial effects in rats with PPA-induced autism. These effects included
alleviation of oxidative stress, improvement of lipid metabolism and modulation of the composition
of intestinal microflora [80].

Conversely, a number of studies conducted among the human population have demonstrated
that vitamin B12 supplementation in patients with vitamin B12 deficiency results in a substantial
increase in bacterial diversity, marked by the proliferation of Firmicutes and the decrease of
Bacteroidetes [81]. In contrast, the results of a study conducted on exclusively breastfed infants with
both normal and reduced vitamin B12 levels showed no statistically significant differences between
the gut microbiota composition of the study group and the control group. The limitation of this study
is the relatively short duration of vitamin B12 deficiency in clinically asymptomatic infants, which
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may have prevented the observation of its impact on the gut microbiota. Furthermore, the cutoff point
for deficiency, 203 pg/ml (150 pmol/l), was based on studies in older patients, which may not be
directly applicable to infants [82].

Although knowledge about the influence of cobalamin on the microbiota and its composition on
the level of this vitamin already provides us with important information regarding potential
mechanisms involved in the etiopathogenesis of autistic disorders, many issues remain to be clarified.
First of all, there is a lack of extensive research among children diagnosed with ASD. It seems equally
important to study the bacterial flora in pregnant women, as maternal dysbiosis may play a
significant role in the development of autism in children.

12. Conclusions

Vitamin B12 may play a key role in maintaining the health of the gut microbiota, whose
imbalance is associated with the development of low-grade inflammation and changes in the gut-
brain axis. Disruptions of this axis can affect the functioning of the nervous system and be potentially
related to the development of autism spectrum disorder. In addition, cobalamin is involved in the
metabolism of neurotransmitters such as serotonin and dopamine and in the myelination of neurons,
which is crucial for proper brain development. People with ASD often show abnormalities in their
intestinal microbiota and in their levels of B vitamins, including B12, which suggests that deficiencies
of this vitamin may be one of the risk factors for ASD.

The results of studies conducted so far suggest that vitamin B12 can serve as a biomarker not
only for predicting the course of the disease, but also for evaluating the effectiveness of therapy. Due
to the inconsistency of the results obtained, additional studies, such as longitudinal studies, are
required to determine whether there is a causal relationship between vitamin B12 levels and the
severity of ASD symptoms, which will allow for monitoring changes over a longer period of time. It
should be emphasized that long-term observation is essential to understand the dynamics of the
relationship between vitamin B12 levels and ASD symptoms. Single-point measurements cannot
fully account for the inherent variability in children's health, nor do they account for potential
external influences. Changes in vitamin levels and their impact on neurodevelopment may result
from interactions with other factors, such as diet, environment or therapeutic interventions.
Longitudinal study would facilitate the tracking of these changes and increase the understanding of
the potential impact of vitamin B12 levels on the neurological development of children with ASD at
different stages of life.

The study of vitamin levels, including B12, should be part of a broader research initiative aimed
at identifying biological factors that may affect the neurological development and behavior of
children with ASD. An essential step in further research is the identification of specific biochemical
markers to effectively select children who are most likely to benefit from vitamin B12
supplementation. This approach may facilitate earlier detection of disorders and contribute to the
development of effective intervention strategies that can improve the quality of life of children
affected by these disorders. Furthermore, the identification of vitamin B12 deficiencies in the ASD
child population emphasizes the need for increased public awareness and education on prevention,
which may help to reduce the prevalence of this disorder. In this context, it is necessary to encourage
healthcare professionals to implement preventive measures, such as dietary modifications and the
use of supplements, to provide effective support for children with ASD and their families.
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