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Currently, ischemic stroke is the most prevalent form of stroke compared to hemorrhagic
and there is a high incidence in older adults. Nutrition is a modifiable risk factor for
stroke. B-vitamins are part of a metabolic network that integrates nutritional signals

with biosynthesis, redox homeostasis, and epigenetics. These vitamins play an essential

role in the regulation of cell proliferation, stress resistance, and embryo development.
A deficiency in vitamin B12 is common in older adults and has been reported to be
implicated in ischemic stroke. The aim of this review was to investigate whether vitamin
B12 deficiencies impact the risk and outcome of ischemic stroke. Clinical data from our
literature review strongly suggest that a deficiency in vitamin B12 is a risk factor for
ischemic stroke and possible outcome. Our survey of the literature has identified that
there is a gap in the understanding of the mechanisms through which a vitamin B12
deficiency leads to an increased risk of stroke and outcome. A vitamin B12 deficiency
can increase homocysteine levels, which are a well-established risk factor for ischemic
stroke. Another potential mechanism through which vitamin B12 deficient may impact
neurological function and increase risk of stroke, is changes in myelination, however
this link requires further investigation. Further studies are required in model systems to
understand how a vitamin B12 deficiency changes the brain.
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Introduction

Vitamin B,,, also known as cobalamin (Cbl), was first isolated
in 1948 when it was used to treat megaloblastic anemia, a
condition that results in unusually large, structurally abnormal
and immature red blood cells, resulting in the first Nobel
Prize pertaining to vitamin B12 being awarded (Reynolds,
2006; Scott and Molloy, 2012). The second Nobel Prize for
vitamin B12 was awarded when researchers discovered the
mechanism in which vitamin B12 is absorbed in the ileum
(Scott and Molloy, 2012). Vitamin B12 is a component of
one-carbon metabolism, which is a key metabolic network
that integrates nutritional signaling with biosynthesis, redox
homeostasis, and epigenetics (Murray et al., 2017; Tang et al.,
2017).

Metabolism of Vitamin B12

Vitamin B12, along with other B-vitamins, acts as co-factors
for specific enzymes to carry out metabolic functions in the
body (Weir and Scott, 1999). Humans obtain vitamin B12 from
animal source foods, such as meat, dairy, eggs, and fish. There
are certain bacteria (e.g. Escherichia coli) in the gut that can
synthesize vitamin B12, but the amount is insufficient in terms
of demands (Watanabe, 2007; Fang et al., 2017). Chaperones,
transport proteins, and receptors protect vitamin B12 and
facilitate its gastrointestinal absorption and renal reabsorption
for its retention and distribution (Zhang et al., 2016). Intrinsic
factor, a glycoprotein secreted in the stomach, facilitates the
absorption of vitamin B12 (Johansson et al., 2010).

In the cell, vitamin B12 is a co-factor involved in the

methylation of homocysteine to methionine using the
main circulating form of folate, 5-methyltetrahydrofolate
(5-methyITHF) (Figure 1). Increased levels of plasma
homocysteine (> 10 uM) or methylmalonic acid (> 210
nM) can be helpful in determining whether a patient has a
deficiency in vitamin B12 (Selhub et al., 2010).

Vitamin B12 Metabolism in Older Adults

As we age, our metabolism and absorption of nutrients,
including vitamins, also change (Bottiglieri et al., 2000; Shlisky
et al., 2017; Moore et al,, 2018). Greater than 20%, of older
adults (> 60 years old) have a vitamin B12 deficiency (Andres
et al., 2004; Lachner et al., 2012). A deficiency in vitamin B12
is defined as plasma levels of Cbl that are less than 150 pM.
A measure of holotranscobalamin levels or metabolites such
as homocysteine and methylmalonic acid will adequately
assess if a patient is vitamin B12 deficient (Andrés et al., 2004;
Selhub et al., 2010; Spence and Stampfer, 2011; Lachner et al.,
2012). Pernicious anemia is a type of megaloblastic anemia
that results in the reduction of red blood cells and is secondary
to a vitamin B12 deficiency caused by low levels of intrinsic
factor. The most frequently affected by a vitamin deficiency or
pernicious anemia are the elderly (Andres et al., 2004).

A vitamin B12 deficiency can be caused by a reduced dietary
intake, frequently in the case of a vegetarian diet, and or
changes in absorption. The Framingham Heart Study reported
that 24% of 60 to 69-year-old patients have atrophic gastritis,
with increasing prevalence (37%) in 80-year-old people
(Krasinski et al., 1986). The high prevalence of a vitamin B12
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Figure1 | Vitamin B12 metabolism.

(A) Ingestion of dietary cobalamin bound to animal protein (P) via animal
foods such as meat, eggs and poultry which naturally contain cobalamin
(Cbl). The cobalamin-animal protein complex (Cbl-P) enters the stomach
where cobalamin is cleaved from the animal protein via digestive enzymes
such as Pepsin and HCI. Free cobalamin (Cbl) then binds to R-protein (R),

a protein secreted from salivary and parietal cells, to form a cobalamin-
R-protein complex (Cbl-R) and travels to the intestine. It should be noted
that intrinsic factor (IF), a glycoprotein produced by parietal cells of the
stomach, is present in the stomach, however, it does not bind to cobalamin
until it reaches the intestine due to the acidic environment of the stomach.
In the intestine, pancreatic enzymes cleave the Cbl-R complex, resulting in
free cobalamin. Cobalamin can now bind to intrinsic factor to create the
cobalamin-intrinsic factor complex (Cbl-IF). The complex will then bind

to its receptor cubilin, located on the mucosal cells, and is endocytosed
into the mucosal cell. Immediately after entering the mucosal cell, the
complex is cleaved, resulting in free cobalamin. Free cobalamin now enters
the circulation where it binds to transcobalamin I, Il or IIl (TCI, TCII, TCIlI),
creating a cobalamin-transcobalamin complex, and travels to its target.
Cobalamin-transcobalamin Il (Cbl-TCll) is diagramed here to highlight its
unique ability to transport cobalamin to all parts of the body, unlike TCl and
TCIII. It should also be noted that cobalamin individually binds to all three
transcobalamin while in circulation. (B) The Cbl-TCll complex is endocytosed
into target cells and immediately cleaved, resulting in free cobalamin.

Free cobalamin is then converted into its two active forms in the human
body, methyl cobalamin (MeCbl) and adenosyl cobalamin (AdenosylCbl).
MeCbl remains in the cytoplasm while adenosyl cobalamin travels to the
mitochondria. Homocysteine can be methylated to methionine using methyl
cobalamin and the enzyme, methionine synthase. Methionine is then
converted to S-adenosyl methionine (SAM) which in the brain is involved in
neurotransmitter synthesis.

deficiency in older adults is mostly due to malabsorption
or increased atrophic gastritis, which leads to changes in
gastric emptying and decreased secretion of intrinsic factor.
However, only in severe cases of gastric atrophy does intrinsic
factor secretion become a rate-limiting factor for vitamin
B12 absorption. Atrophic gastritis has been reported to limit
bioavailability of vitamin B12 from food proteins and peptides
due to impaired acid secretion and reduced digestion by
pepsin (Selhub et al., 2010). Other consequences of atrophic
gastritis include bacterial overgrowth, which leads to bacteria
consuming vitamin B12, and increased pH in the stomach
and proximal small intestine resulting in reduced folic acid
absorption (Selhub et al., 2000).

Individuals with high plasma levels of homocysteine may
be encouraged to increase intake of food high in folates or
take folic acid supplements, to help reduce plasma levels

of homocysteine. However, if the cause of the elevated
homocysteine is a vitamin B12 deficiency, and dietary levels of
folic acid are increased, this will result in the exacerbation of
biochemical and clinical symptoms associated with a vitamin
B12 deficiency. This is referred to as the methyl trap (Reynolds,
2006; Selhub et al., 2010). Treatment of a vitamin B12
deficiency can include intramuscular injections, as well as oral
or nasal administration of the vitamin (Andrés et al., 2004).

Vitamin B12 in the Brain

The brain has a minute to minute dependence on nutrient
supply which can be impacted by dietary intake. In older
adults, low levels of vitamin B12 have been linked to reduced
cognitive function and Alzheimer’s disease (Bottiglieri, 1996;
Selhub et al., 2010; Lachner et al., 2012). The Rotterdam Scan
Study found that poor vitamin B12 status was significantly
associated with greater severity of white-matter lesions in
the brain, which may be a result of reduced myelin integrity
(de Lau et al., 2009). Furthermore, peripheral neuropathy is
more common during vitamin B12 deficiency compared to
other B-vitamin deficiencies (Weir and Scott, 1999; Reynolds,
2006). Neurological diseases due to a vitamin B12 deficiency
can occur in both males and females between the age of 40
and 90, and peak at 60-70 years of age (Reynolds, 2006).
In community-dwelling volunteers aged 61 to 87 years old,
decreased brain volume was reported and it was even greater
among those with low vitamin B12 levels (Vogiatzoglou et
al., 2008). With aging, the transport mechanisms of getting
vitamin B12 across the blood-brain barrier via receptor-
mediated endocytic pathways become damaged (Selhub et
al., 2010). The global population is aging (Benjamin et al.,
2018), and diseases of aging, such as ischemic stroke, are
predicted to increase (Feigin et al., 2015; Katan and Luft,
2018). Ischemic stroke is the result of blockage in blood flow
within the brain that results in reduced oxygen and glucose,
which leads to cell death and functional impairments (Kumar
et al., 2016). Nutrition, especially reduced levels of B vitamins,
is a modifiable risk factor for stroke possibly through their role
in metabolism of homocysteine (Hankey, 2012).

Role of B vitamins in stroke

Adequate nutrition reduces the risk of ischemic stroke
(Mozaffarian et al., 2016; Spence, 2019). Elevated levels of
homocysteine increase the risk for vascular diseases, such as
stroke (Graham et al., 1997; Nygard et al., 1997; Castro et al.,
2006; Clarke et al., 2010). There is also a decline in the risk of
stroke when homocysteine levels are reduced (Huang et al.,
2017). At the cellular level, increased levels of homocysteine
lead to reduced levels of nitric oxide bioavailability, leading
to changes in endothelial mediated dilation causing vascular
damage due to the production of free radicals, as well as
lipid peroxidation (Lai and Kan, 2015; Tsybikov et al., 2016;
McCully, 2018). The presence of atrial fibrillation, vitamin
B12 deficiency, and resultant elevated levels of homocysteine
increases with age are a risk factor for stroke (Spence, 2007;
Spence and Stampfer, 2011). In the Framingham study, atrial
fibrillation was an attributable risk for stroke in 23% patients
aged 80-89 years old (Wolf et al., 1991).

B-vitamins metabolize homocysteine (Murray et al., 2017),
therefore increasing levels of B-vitamins can be beneficial
for patients with elevated levels of homocysteine in terms
of reducing stroke risk. Since 2015, this has been tested in
approximately 68,131 patients worldwide (Spence, 2007;
Huo et al., 2015). Past clinical trials have demonstrated that
the impact of supplementing with B-vitamins is complicated,
when it comes to reducing the risk of stroke with the main
factor being the form of vitamin B12 administered to patients
and the health status of patient (e.g., renal failure or diabetic)
(Toole et al., 2004; Lonn et al., 2006; Spence, 2007; Saposnik
et al., 2009). The Vitamin Intervention for Stroke Prevention
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trial was conducted in the US and included 3680 participants
that were administered 25 mg of folic acid, 25 mg pyridoxine
(B6), and 400 pg cyanocobalamin (B12). The trial showed
no reduction on recurrent stroke or in secondary outcomes,
including coronary heart disease and cardiovascular disease
(Toole et al., 2004). These outcomes might be a result of
caveats, due to the fact that the study did not include a
placebo group, there was a coinciding folic acid fortification
of grain supply in the US, and patients with low vitamin B12
at the start of the study received B12 injections. A subgroup
analysis which excluded patients with a vitamin B12 deficiency
and renal impairment from the Vitamin Intervention for Stroke
Prevention trial, showed that there was a 38% reduction in
stroke and myocardial infarction risk (Spence et al., 2005).
Another subgroup analysis of the Vitamin Intervention for
Stroke Prevention trial reported that patients with the GG
phenotype of transcobalamin 2, a transport protein for vitamin
B12, were responsive to the B-vitamin supplementation (Hsu
et al., 2011). These two subgroup analyses demonstrate some
positive impact of B-vitamin supplementation on stroke risk
for specific populations.

In another trial, the Heart Outcomes Prevention Evaluation
clinical trial, 5522 patients aged 55 years or older who had
vascular disease or diabetes, received a combination of folic
acid (2.5 mg), vitamin B6 (50 mg) and vitamin B12 (1 mg) or
a placebo for an average of 5 years. The primary outcome
was death from cardiovascular disease (Lonn et al., 2006).
The Heart Outcomes Prevention Evaluation trial observed a
reduction in homocysteine levels in the supplemented group
versus the placebo group, although there was no benefit of
B vitamin supplementation on cardiovascular disease risk.
However, when homocysteine-lowering therapy and stroke
risk were assessed, there was a reduction on the incidence
of stroke and risk of nonfatal stroke, and the severity of the
stroke or disability was not affected by supplementation
(Saposnik et al., 2009).

In 2015, the China Stroke Primary Prevention Trial
demonstrated supplementation with folic acid in combination
with enalapril, an angiotensin converting enzyme inhibitor
used to treat hypertension, reduced risk of stroke by 24% in
hypertensive patients (Huo et al., 2015). Furthermore, the

Table 1 | Summary of clinical studies investigating vitamin B12 in patients

dietary levels of vitamin B12 that were above the median
when combined with the benefits of supplementation was
transferred to patients with a polymorphism in the gene for
methylenetetrahydrofolate reductase (MTHFR), an enzyme
involved in one carbon metabolism (Zhao et al., 2017).
Further, subgroup analysis showed that younger male patients
with lower folate levels and higher systolic blood pressure,
total cholesterol, and blood glucose and the MTHFR C677T
CT or TT genotype had the most lifelong benefit (Zhang et al.,
2020). A follow-up study investigated the interaction between
folate, vitamin B12 and enalapril on risk of ischemic stroke, the
effect of folate and B12 are additive; serum B12 levels above
the median (from diet) were associated with a 72% reduction
of stroke with folic acid and enalapril on TT heterozygotes (Qin
et al., 2020).

Additionally, clinical trials of B vitamin supplementation
to reduce risk of stroke found that cyanocobalamin is
harmful among patients with renal impairment (Spence
et al., 2017). The form of vitamin B12 (cyanocobalamin vs.
methylcobalamin) needs to be carefully considered when
B-vitamin supplementation is prescribed to patients that are
at a higher risk for stroke or stroke affected patients (Spence,
2007). While it is evident in prior research that there is a
significant correlation between homocysteine and folate levels
with the risk of stroke, the role of vitamin B12 is still unclear
(He et al., 2004). Studies suggest that vitamin B12 plays an
important role in reducing homocysteine levels, but research
on the direct association between vitamin B12 and ischemic
stroke is not well investigated (He et al., 2004). The aim of this
review is to investigate how deficiencies in vitamin B12 impact
stroke risk and outcome.

Search Strategy

To describe the relationship between vitamin B12 deficiency
and risk of ischemic stroke, a variety of clinical studies were
included in this review. Publications using medical subject
headings (MeSH) keywords, vitamin B12 deficiency, and
stroke, were retrieved. For each study we collected the
following data: study design, sample size, the country the
study was conducted in, folic acid fortification, measures
used to determine vitamin B12, and major findings. All of the
findings for each individual study are summarized in Table 1.

Fortification

Measure used to determine vitamin

Reference  Study design Sample size Country present B12 levels Major findings
He et al. Longitudinal 725 stroke cases USA Yes Studied intake levels only. Dietary Intake of vitamin B12 and folate, but
(2004) Cohort study/ (455 ischemic, 125 information was assessed every 4 not B6 was inversely related to risk
large prospective hemorrhagic, 145 years for 14 years using detailed of ischemic stroke. No statistically
follow-up study unknown) *Men only and validated semiquantitative food significant associations with
frequency questionnaire. hemorrhagic stroke risk.
van Guelpen Prospective, 396 (334 ischemic and Sweden No Venous blood samples drawn with Neither plasma nor dietary vitamin B12
etal. (2005) Nested Case- 62 hemorrhagic stroke minimum of 4-hour fasting, Folate was statistically significantly associated
Refernt Study,  cases) from Northern and B12 levels were analyzed with either stroke type.
population Sweden Health and by Quantaphase Il radioassay in
based Disease Cohort heparinized serum/plasma.
Zacharia Unusual case 1(35-year-old male  USA Yes Tested serum B12 levels before and Two months after beginning vitamin
etal. (2017) vegetarian) after supplementation over 18 months. B12 supplemental treatment, patient’s
symptoms improved dramatically. This
included resolution of aphasia and
improvement of hemiparesis. Vitamin
B12 increased from 206 to 1249 ng/L
and homosystein levels decreased from
55.7 to 28.5 uM.
Ahmed Cohort study 4055 patients Canada Yes Serum B12 levels measured by In stroke patients, 8.2% of patients
et al. (2019) immunoassay. were biochemically deficient in vitamin
B12, 10.6% patients were deficient in
metabolic B12, and 19.1% had high
homocysteine levels. In patients aged
80 years or older, 18.1% of patients
were deficient in metabolic B12 and
35% had high homocysteine levels.
472 | NEURAL REGENERATION RESEARCH | Vol 16 | No.3 | March 2021



Vitamin B12 in clinical stroke studies

In a longitudinal cohort study of 725 stroke cases (455
ischemic, 125 hemorrhagic, and 145 unknown incidents),
increased dietary intake of vitamin B12 was statistically
significantly associated with a decreased risk of ischemic
stroke in men aged 40-75 years (P < 0.05) when adjusted for
body mass index and intake of vitamin E, fiber, and potassium
(He et al., 2004). Comparing men in the highest quintile of
vitamin B12 intake with those in the lowest, the multivariate
risk ratio, when adjusted for body mass index was 0.73
(95%CI: 0.53 to 0.99; P < 0.04) and the relation remained
with additional adjustment for fiber, potassium, and vitamin
E intakes (P < 0.05). It should be noted that this relationship
was no longer statistically significant (P > 0.05) when adjusted
for factors of cigarette smoking and age (He et al., 2004).
Beneficial effects of intakes of folate, vitamin B6, and B12
were expected due to their inverse relationship with blood
homocysteine.

Patients with a vitamin B12 deficiency during an ischemic
stroke have been reported to have worse outcome post-
stroke (Pieters et al., 2009; Zacharia et al., 2017). In patients
with their first lacunar stroke, low vitamin B12 levels were
associated with more periventricular white matter lesions
(Pieters et al., 2009). The role of vitamin B12 was observed
further in a case of recurrent stroke in a 35-year-old male
patient. The patient suffered two ischemic stroke incidents
in a 3-month span and was recorded as having relatively low
levels of vitamin B12 at 206 ng/L (at the lower end of the
normal range of 180-914 ng/L) as well as high homocysteine
levels at 55.7 uM (with a normal range of 5-15 uM) (Zacharia
et al., 2017). In addition to statins and aspirin, the patient
was treated with vitamin B12 supplements at a dose of
1000 pg daily via intramuscular injections and then orally, as
well as folic acid. After 2 months of B vitamin supplemental
therapy, the patient’s symptoms of aphasia and right-sided
hemiparesis showed drastic improvement (Zacharia et al.,
2017). The patient’s vitamin B12 levels increased to 1249 ng/L
and homocysteine levels decreased to 28.5 uM. However,
the patient was also discovered to be homozygous for the
MTHFR polymorphism at bp677TT (Zacharia et al., 2017).
Additional studies are needed to further monitor vitamin
B12 levels in stroke patients, as well as the benefits of adding
supplementation vitamin B12 therapy to existing treatments
regimes.

In another study, the dietary intake and blood plasma
concentration of vitamin B12 were measured in 396 stroke
cases by a food frequency questionnaire over a 14-year
period. In this prospective population-based study, intake and
plasma levels of vitamin B12 were not statistically significantly
associated with risk of either ischemic or hemorrhagic
stroke (Van Guelpen et al., 2005). The plasma concentration
and dietary intake of vitamin B12 were not found to be
statistically significantly associated reduced with stroke risk
(P> 0.05). Interestingly vitamin B12 levels did not change
with multivitamin use in this study, suggesting a decrease in
absorption of vitamin B12 with age, as the average age for
ischemic stroke group was 54.8 years. The main limitation
of the study was the inability to control for use of aspirin or
other nonsteroidal anti-inflammatory drugs (Van Guelpen et
al., 2005).

In a cohort study, the prevention of secondary stroke with
use of B vitamin supplementation was conducted using 4055
patient records from the Urgent Transient Ischemic Attack
Clinic between 2002 and 2017 (Ahmed et al., 2019). The use
of holotranscobalamin or other vitamin B12 metabolites,
such as methylmalonic acid or total homocysteine as a
more accurate measure of metabolic B12 levels is noted
in the article; a common misconception amongst health
professionals who frequently mistake a normal serum B12 for

having healthy functional B12 levels. According to the study,
8.2% of patients were found to be deficient in biochemical
levels of B12, but 10.6% of patients were found to be deficient
in metabolic B12 when deficiency is measured as being <
156 pM and < 258 pM for biochemical and metabolic levels
respectively (Ahmed et al., 2019). In patients aged 80 years or
older, metabolic B12 deficiency increased to 18.1% (Ahmed et
al., 2019). These deficiencies may be slightly underestimated
due to the inability to control for B vitamin supplementation.
The study also found that 19.1% of all patients had high
homocysteine levels which increased to 35% for patients
aged 80 years or older (Ahmed et al., 2019). Seeing as B12
deficiencies and high homocysteine levels are linked to
transient ischemic attack and stroke, it is pertinent that health
professionals test for metabolic B12 levels rather than serum
B12 alone when working to prevent stroke incidents; this is
especially true in older patients (Ahmed et al., 2019).

Conclusion

In our survey of the literature, we did not find specific studies
investigating the mechanisms of how a vitamin B12 deficiency
changes the brain to impact stroke outcome. Research
using model systems is needed to understand the specific
mechanisms through which a vitamin B12 deficiency changes
the brain.

Adequate levels of vitamin B12 are needed for successful
aging (Vogiatzoglou et al., 2008). Clinical data and the results
from our literature review strongly suggest that low levels of
vitamin B12 are a risk factor for ischemic stroke. In addition,
our survey of the literature has identified that there is a gap
in the understanding of the mechanisms in which a vitamin
deficiency leads to increased risk of stroke. One idea is
increased levels of homocysteine, which is a well-known risk
factor for ischemic stroke. Another mechanism is the role of
vitamin B12 on neurological function, specifically myelination,
this is not as well known. Further studies are required in
model systems to understand how a vitamin B12 deficiency
changes the brain, making it more vulnerable to ischemic
stroke.
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