
Copyright©2003 Thorne Research, Inc. All Rights Reserved. No Reprint Without Written Permission

Alternative Medicine Review  ◆   Volume 8, Number 1 ◆  2003                                                               Page 7

Review                        Homocysteine & Cognitive

The Methionine-Homocysteine Cycle and
Its Effects on Cognitive Diseases

Alan L. Miller, ND

Abstract
Homocysteine, a sulfur-containing amino acid,
is a metabolite of the essential amino acid
methionine, and exists at a critical biochemical
intersection in the methionine cycle – between
S-adenosylmethionine, the indispensable
ubiquitous methyl donor, and vitamins B12 and
folic acid. High blood levels of homocysteine
signal a breakdown in this vital process,
resulting in far-reaching biochemical and life
consequences. The link between
homocysteine and cardiovascular disease is
well established, and decreasing plasma total
homocysteine by providing nutritional
cofactors for its metabolism has been shown
to reduce the risk of cardiovascular events.
Information has been emerging regarding a
connection between homocysteine
metabolism and cognitive function, from mild
cognitive decline (age-related memory loss) to
vascular dementia and Alzheimer’s disease.
Significant deficiencies in the homocysteine re-
methylation cofactors cobalamin (B12) and
folate, as well as the trans-sulfuration cofactor
vitamin B6, are commonly seen in the elderly
population, with a resultant increase in
homocysteine with advancing age.
Hyperhomocysteinemia has been shown to be
an independent risk factor for cognitive
dysfunction. Indirect and direct vascular
damage can be caused by homocysteine,
which has been implicated in vascular
dementia, with an increased risk of multiple
brain infarcts and dementia as homocysteine
levels rise. A significant correlation has been
found between risk of Alzheimer’s disease and
high plasma levels of homocysteine, as well
as low levels of folic acid, and vitamins B6 and

B12. All of these disease associations are
thought to be interrelated via increased
homocysteine and S-adenosylhomocysteine
and subsequent hypomethylation of numerous
substances, including DNA and proteins, that
render vascular structures and neurons more
susceptible to damage and apoptosis.
Providing the nutritional cofactors for proper
functioning of the methionine cycle may
improve methylation and protect the brain from
damage. Further studies need to be performed
to assess whether this will also reduce the risk
of cognitive diseases and/or improve cognitive
functioning.
(Altern Med Rev 2003;8(1):7-19)

Introduction
Homocysteine is a sulfur-containing

amino acid produced in the metabolism of the es-
sential amino acid methionine. It exists at a criti-
cal biochemical juncture between methionine
metabolism and the biosynthesis of the amino ac-
ids cysteine and taurine. Homocysteine (Figure 1)
is normally metabolized via two biochemical path-
ways – re-methylation, which converts homocys-
teine back to methionine, and trans-sulfuration,
which converts homocysteine to cysteine and tau-
rine. Abnormally high blood levels of homocys-
teine (hyperhomocysteinemia) signal a breakdown
in this biochemical process, resulting in far-reach-
ing biochemical and life consequences. For in-
stance, hyperhomocysteinemia is a confirmed in-
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dependent risk factor for cardiovascular dis-
ease, and has been epidemiologically and clini-
cally implicated in a variety of other conditions,
including neural tube defects, spontaneous
abortion, placental abruption, low birth weight,
osteoporosis, and neuropsychiatric disorders.
It is thought that hyperhomocysteinemia might
also contribute to the development of certain
cancers.1,2,3

The correlative link between homocys-
teine and cardiovascular disease is well estab-
lished.4,5 High levels of homocysteine are cor-
related with significantly increased risk of coro-
nary artery disease,6-10 myocardial infarction,11-

15 cerebral occlusive disease (stroke),16-18 and
peripheral occlusive disease (deep vein throm-
bosis, intermittent claudication).19-22 Lowering ho-
mocysteine by providing nutritional cofactors for
its metabolism has been shown to reduce the risk
of cardiovascular events.23-25

Less is known about the potential causal
connection between hyperhomocysteinemia and
brain dysfunction. This paper will explore the re-
lationships between methionine, homocysteine,
and their metabolites and cofactors, and cognitive
decline, vascular dementia, and Alzheimer’s dis-
ease (AD).

Methionine and Homocysteine
Metabolism

Methionine, an amino acid utilized in pro-
tein formation, is the starting material for numer-
ous other biochemical molecules. Methionine is
converted via the enzyme methionine
adenosyltransferase (MAT) to S-
adenosylmethionine (SAMe), the most important
methyl donor in the body. Methylation by SAMe
is a critical step in the stabilization of many pro-
teins, including myelin. Methylation of DNA sta-
bilizes and protects this essential molecule, and
can ultimately affect gene transcription coding for
numerous proteins. SAMe is involved in the syn-
thesis of other molecules, including creatine,
methylcobalamin, phosphatidylcholine, melato-
nin, norepinephrine, coenzyme Q10, and carnitine.
SAMe also participates in the formation of

polyamines and in the metabolism of serotonin and
niacinamide.

In hepatic phase II detoxification, SAMe
contributes a methyl group for conjugation of a
number of xenobiotics. In addition to this direct
effect, proper methionine/SAMe/homocysteine
metabolism is indirectly involved in other aspects
of phase II detoxification. The downstream me-
thionine metabolite taurine is necessary for amino
acid and bile acid conjugation, and acylation re-
actions. Cysteine, another methionine metabolite,
is necessary for sulfur conjugation and is a com-
ponent of glutathione, a vital hepatic phase I and
II component.

Regardless of the methyl-group acceptor
involved, after donating its methyl group, SAMe
becomes S-adenosylhomocysteine (SAH), which
then becomes homocysteine after losing its ad-
enosine (a reversible reaction catalyzed by the
enzyme SAH hydrolase). Homocysteine must then
either be: (1) recycled to methionine by taking on
a methyl group provided by methylcobalamin,
which is catalyzed by the enzyme methionine syn-
thase; (2) recycled to methionine via the addition
of a methyl group supplied by trimethylglycine
(betaine), catalyzed by the zinc-dependent enzyme
betaine-homocysteine methyltransferase; or (3)
converted to the amino acids cysteine and taurine,
which is catalyzed by the enzyme cystathione beta-
synthase, and with the help of the amino acid serine
and pyridoxal 5’-phosphate (active vitamin B6)
(Figure 2).

Figure 1. Chemical Structure of Homocysteine
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Optimal methionine metabolism is vital
to a great number of biochemical processes in the
body; however, dietary deficiencies, genetic en-
zyme polymorphisms, and acquired enzymatic
blocks can negatively influence the normal me-
tabolism of this essential amino acid (Table 1).

Dietary deficiencies of any of the
cofactors involved in methionine and
homocysteine metabolism (folic acid, vitamin
B12, vitamin B6) can result in
hyperhomocysteinemia. Folic acid is necessary in
this process, as it acts as a methyl donor to
cobalamin, forming methylcobalamin, which re-
methylates homocysteine. Of the vitamin
cofactors, folic acid deficiency seems to have the
greatest effect on homocysteine levels, and folic
acid supplementation (0.5-5 mg daily) results in a
reduction of blood homocysteine of 25 percent,
according to a 1998 meta-analysis. Addition of 0.5

mg vitamin B12 reduces homocysteine
concentrations another seven percent.23

Overall, men have higher plasma
homocysteine levels than women, although this
difference becomes smaller with age and after
menopause.26-28 Other genetic influences include
a polymorphism of the enzyme methylene
tetrahydrofolate reductase (MTHFR), which
catalyzes the last step in conversion of folic acid
to its active form, 5-methyltetrahydrofolate
(5MTHF). If an individual is homozygous for this
genetic defect (C677T mutation of MTHFR),
activity of this vital enzyme can decrease by 50
percent. Other genetic polymorphisms have been
seen in hyperhomocysteinemia, including a defect
in cystathione-beta synthase (CBS), which is
involved in the vitamin B6-dependent trans-
sulfuration pathway, and a defect in methionine
synthase activity, which is involved in

Figure 2. Homocysteine Metabolism
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re-methylation of
homocysteine.

Alterations in
homocysteine metabo-
lism can also be ac-
quired, as is the case with
certain dietary and
lifestyle factors. Higher
homocysteine levels
have been found with in-
creased coffee consump-
tion, cigarette smoking,
and chronic alcohol in-
gestion (interfering with
methionine synthase ac-
tivity).29-31 In addition,
nitrous oxide anesthesia
irreversibly oxidizes the
cobalt in vitamin B12,
thereby rendering the vi-
tamin inactive, which
can severely affect me-
thionine synthase-de-
pendent homocysteine
re-methylation.32

Homocysteine in
Cognitive Decline

Memory loss is
a common manifestation
in the aging population, and it is a widely held
belief that some amount of memory loss is inher-
ent in the aging process. Whether memory loss is
normal with age is debatable; however, extremes
of cognitive decline, including dementia related
to vascular disease (including post-stroke) and
Alzheimer’s disease, could never be termed “nor-
mal.” The mechanisms of these cognitive deficits
may be different, but it appears that metabolites
and cofactors of methionine metabolism are in-
volved.

Significant deficiencies in homocysteine
re-methylation cofactors B12 and folate, as well
as the trans-sulfuration cofactor vitamin B6, are
commonly seen in the elderly population,33-37 and
have been found to contribute to a decline in cog-
nitive function, as well as other neuropsychiatric

disorders such as paresthesias, ataxia, sensory loss,
and psychiatric disorders.34,38

Many methods and biochemical markers
have been used to investigate these cofactors and
their relevance to cognitive decline in the elderly,
including serum B12, methylmalonic acid (a
marker of B12 deficiency), serum folate, and
plasma homocysteine. Total plasma homocysteine
appears to be the most consistent marker of tissue
deficiencies in nutrient cofactors, as well as cog-
nitive performance in the elderly.39

Hyperhomocysteinemia was associated
with poor recall in elderly subjects involved in the
third National Health and Nutrition Examination
Survey (NHANES III).40 Participants, all over 60
years, with higher homocysteine levels scored
lower in short-delayed recall tests. Lower folate

Table 1.  Biochemical and Genetic Influences on Plasma
Homocysteine Levels

Dietary deficiencies:
 Folate
 Vitamin B12
 Vitamin B6
 Methionine
 Betaine
Altered transport of vitamin B12
Poor conversion of vitamin B12, folate, or vitamin B6 to active forms
Poor renal function
Drugs that affect folate or vitamin B12 (e.g., methotrexate,
  sulfonamides, nitrous oxide, antacids)
Age – homocysteine rises with increasing age
Sex – males have higher levels than females
Genetic enzyme polymorphisms:
 Methylene tetrahydrofolate reductase (MTHFR)
 Methionine synthase
 Cystathione beta-synthase
Lifestyle factors:
 Chronic alcohol intake
 High coffee intake (> 5 cups/day)
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levels were also associated with poor performance.
Lower concentrations of B12 and folate, and
higher levels of homocysteine, were directly as-
sociated with poor spatial copying skills in indi-
viduals ages 54-81 years in the Normative Aging
Study.41 Subjects with higher vitamin B6 levels
scored better on two memory tests. Higher ho-
mocysteine levels were related to decreased per-
formance in a battery of cognitive tests, including
the Mini Mental State Examination (MMSE), in
elderly individuals age 78 years who have been
followed since 1932 when they were age 11.42 This
association was not seen in a cohort 15 years
younger in the same study. In a sample of people
age 55-75 years and of African-Caribbean descent,
increased homocysteine concentrations were sig-
nificantly correlated with cognitive impairment,
independent of age, previous occupation, and risk
factors of vascular disease (diabetes, hypertension,
hyperlipidemia).43

Homocysteine levels were assessed in 32
healthy elderly individuals at baseline and five
years later in an effort to determine if baseline
homocysteine levels might predict cognitive de-
cline. MMSE and one additional cognitive test
(Alzheimer’s disease Assessment Scale – ADAS-
Cog) were performed at the start of the study and
at the five-year follow-up. The mean age of par-
ticipants was 79 at follow-up. Initial fasting total
homocysteine accurately predicted worsening of
MMSE and ADAS-Cog scores, signaling cogni-
tive decline.44

Dementias have also been correlated with
hyperhomocysteinemia. Nilsson et al found in-
creased total plasma homocysteine in 45 percent
of patients with dementia. Plasma homocysteine
and blood folate levels directly correlated with
severity of dementia in this study of 80 elderly
patients, using a battery of dementia tests, includ-
ing the Katz ADL index, the Berger scale, and a
symptom score.39

Homocysteine and Vascular
Dementia

After Alzheimer’s disease, vascular
dementia is the most common form of dementia,
and accounts for 10-40 percent of dementia cases,
depending on population, age, and diagnostic
criteria. Vascular dementia is also known as multi-
infarct dementia because the dementia is caused
by multiple small brain infarcts. Hyper-
homocysteinemia is an independent risk factor for
stroke,16,45,46 as well as for vascular dementia.47-50

In a study of 27 patients with
hyperhomocysteinemia compared to 98 normal
controls, Evers et al51 found significantly increased
blood pressure and microangiopathy, as well as a
trend toward a higher rate of multiple infarcts, in
the hyperhomocysteinemic group. In addition, the
authors found impairment of cognitive process-
ing, and believed the mechanism of these abnor-
malities involved microangiopathy; i.e., small
vessel disease as compared to atherosclerotic
changes in large vessels.

Of 336 consecutive patients seen at a
memory clinic in Sweden, 20 percent were diag-
nosed with vascular dementia. This group exhib-
ited the highest serum homocysteine levels, com-
pared to Alzheimer’s disease patients, mildly im-
paired subjects, and controls. The mildly impaired
group (whom the authors termed the “dysmentia”
group) also had significantly higher than normal
levels, which may indicate homocysteine is a
marker for a long-term process of cognitive wors-
ening, possibly resulting in dementia. This study
also noted that serum homocysteine was nega-
tively associated with cognitive performance, as-
sayed by the MMSE.50

The Rotterdam Study52 did not find this
correlation between homocysteine levels and de-
mentia; however, it noted that patients with cog-
nitive decline were older, less educated, and had a
higher incidence of vascular disease and stroke.
This prompted the authors to state that homocys-
teine could cause vascular damage leading to cog-
nitive decline; however, their study only had a 2.7
year follow-up, which may have been too short a
time period to detect a difference in the MMSE
due to increasing homocysteine levels.
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Alzheimer’s Disease
A number of studies have recently found

hyperhomocysteinemia is correlated with in-
creased risk of Alzheimer’s disease. In the Swed-
ish study noted previously,50 Lehmann et al found
abnormally high homocysteine levels and poorer
performance on the MMSE in AD patients versus
non-demented controls. Hyperhomocysteinemia
has been found to be associated with increased
risk of AD in numerous other studies.47,48,53-57

In a recent paper by Nilsson et al,53 plasma
homocysteine was increased in late-onset AD, but
not in early-onset AD. Homocysteine was also
elevated in vascular dementia and was higher in
late-onset AD patients with vascular disease, com-
pared to other AD patients and controls. It was
proposed that homocysteine is not causal to early-
onset AD, and in late-onset AD is concomitant to
other biochemical and vascular abnormalities that
have a longer-term pathogenesis.

In another study, homocysteine levels
were significantly higher in histologically con-
firmed AD patients, while folate and B12 levels
were significantly lower than controls. The in-
crease in homocysteine was small, revealing that
a slight rise in this substance can have a profound
impact on the risk of AD. Patients in the top third
(≥14 µmol/L) of homocysteine levels had a 4.5
times greater risk than those in the lower third (≤11
µmol/L).54

Researchers involved in the Framingham
Study found a similar association between plasma
homocysteine and AD. In a study published in the
New England Journal of Medicine, Seshadri et al56

assessed plasma homocysteine at baseline and
eight years later in 1,092 elderly subjects and
found higher levels of plasma homocysteine sig-
nificantly more often in individuals who later de-
veloped AD than in those who did not develop
AD. An increase in 5 µmol/L increased the risk of
AD by 40 percent. In persons with plasma ho-
mocysteine >14 µmol/L, the risk doubled. This
case-control study showed that plasma total ho-
mocysteine at baseline was an independent risk
factor for AD.

An Australian study recently compared
levels of homocysteine, B12, and folate in the

plasma and cerebrospinal fluid (CSF) of AD
patients compared to controls, and found
significantly lower levels of B12 and folate in the
plasma, along with increased levels of
homocysteine in plasma and CSF in the AD
patients.58

Is Homocysteine the Sole Culprit?
Homocysteine has been shown to be an

independent risk factor for cognitive decline, vas-
cular dementia, and AD. However, it is not cer-
tain homocysteine is the causal mechanism of
these cognitive diseases. Since homocysteine is a
metabolic byproduct of methionine metabolism,
and since there are numerous nutrient cofactors
involved in the methionine cycle, a deficiency of,
or a metabolic dysfunction involving, any of these
nutrients could affect how well homocysteine is
either recycled or broken down. In addition, evi-
dence points to these nutrients possibly indepen-
dently affecting cognitive function.

In a study of serum folic acid and vitamin
B12, Wang et al found low levels of folic acid,
low levels of B12, and the combination all in-
creased the relative risk of AD. A deficiency of
either vitamin increased the risk 200 percent.59

Low blood levels of folic acid and B12 were sig-
nificantly associated with AD in 164 elderly AD
patients.54

Nilsson et al found increased plasma ho-
mocysteine along with decreased serum folate,
B12, and creatinine levels in 69 percent of de-
mented and non-demented psychogeriatric pa-
tients. Serum folate was significantly lower in
patients with dementia, compared with other pa-
tients.60 In another study, 33 patients with mild-
to-moderate dementia and hyperhomocysteinemia
improved clinically after oral vitamin B12 (1 mg/
day) and folate (5 mg/day) for two months. MMSE
scores were significantly improved in these pa-
tients, while severely demented patients did not
improve.61

The Nun Study investigated blood levels
of folate, B12, B6, cholesterol, and carotenoids in
95 elderly participants, age 77-98 years, 30 of
whom died between baseline sampling and fol-
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low-up five years later. MMSE studies were also
performed on patients at baseline. At autopsy, 50
percent of the nuns had a significant number of
Alzheimer lesions in the brain, and a strong nega-
tive association was seen between serum folate
and the severity of atrophy of the neocortex in
those with AD.62

Neuropsychiatric symptoms related to vi-
tamin B12 have been thought to be a result of long-
standing, severe vitamin B12 deficiency accom-
panying anemia; however, researchers found neu-
ropsychiatric disorders (paresthesias, sensory loss,
dementia, ataxia, and psychiatric disorders) to be
a common manifestation of deficiency without
anemia or macrocytosis. These patients also had
significant elevations in methylmalonic acid and
homocysteine. Parenteral cobalamin supplemen-
tation resulted in significant improvements in these
neuropsychiatric symptoms.34 Treatment of cobal-
amin deficiency in dementia increased cerebral
blood flow and improved symptomatology in 15
patients with mild to moderate dementia; however,
severely demented patients did not improve.63A
single-blind, placebo-controlled study showed
improved cognition in elderly, cobalamin-deficient
patients supplemented with B12 injections,64 while
two others did not.65,66 Carmel et al noted B12 de-
ficiency was a common finding in 16 patients with
dementia. Parenteral cobalamin for four months
improved concomitant neurological symptoms,
but failed to improve dementia.67

Vitamin B12 deficiency and increasing
severity of cognitive impairment has been seen in
Alzheimer’s disease patients compared to controls
and patients with other dementias.66,67 In a study
of 52 AD patients, 50 hospitalized non-demented
controls, and 49 elderly subjects living at home,
AD patients were found to have the highest ho-
mocysteine levels and the highest methylmalonic
acid levels, indicating a B12 deficiency.57 In a
Swedish study of 370 non-demented individuals
followed for three years, the risk of development
of AD was doubled in patients with low levels of
the homocysteine-recycling cofactors B12 and
folate.59

Miller et al were unsuccessful in attempt-
ing to find a statistical correlation between plasma
homocysteine and AD; however, they did find low

plasma pyridoxal 5’-phosphate (the active form
of vitamin B6 in the blood and the vitamin cofac-
tor involved in trans-sulfuration metabolism of
homocysteine) was associated with increased in-
cidence of AD.70

Significantly lower levels of SAMe have
been found in cerebrospinal fluid71 and the brain72

in AD patients. In a small, open trial, high-dose
oral SAMe (400 mg three times daily) improved
mood and cognitive measures.73

Discussion
What are the mechanisms behind the con-

nections among cognitive diseases and homocys-
teine, methionine, S-adenosylmethionine, and the
nutritional cofactors involved in the methionine
cycle? Does homocysteine itself damage blood
vessels and neurons, or is it a marker for deficiency
or depletion of other interconnected molecules, or
both?

There is evidence that hyper-
homocysteinemia may promote dementia by more
than one mechanism, including cerebral
microangiopathy;51 endothelial dysfunction;72,73

oxidative stress;74 neuronal DNA damage;75,76 and
enhancement of beta-amyloid peptide-mediated
vascular smooth muscle toxicity, neurotoxicity,
and apoptosis.76-78 There is also a probability the
homocysteine metabolite homocysteic acid – an
N-methyl-D-aspartate agonist – can cause neu-
ronal excitotoxicity and apoptosis.79-81

Even with the evidence presented above,
the question still exists – does homocysteine have
a causal connection to dementia, or is it a
biomarker for other aberrant biochemical pro-
cesses? The answer to this question may lie in one
word – methylation. The immediate metabolite of
methionine is SAMe, the most important methyl
donor in the body. After SAMe donates its methyl
group it becomes SAH, then homocysteine. If the
biochemical cofactors of homocysteine metabo-
lism are not present in sufficient quantities, or if
there are other biochemical or genetic problems
interfering with their production, transport, or uti-
lization, the result is a rise in homocysteine lev-
els. Increasing levels of homocysteine also result
in a greater amount of SAH, as the reaction from
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SAH to homocysteine
(catalyzed by SAH hy-
drolase) is a reversible
reaction (Figure 3).
SAH, as well as free ad-
enosine from the me-
tabolism of SAH, are
potent inhibitors of
transmethylation en-
zymes. SAH binds with
high affinity to most
S A M e - d e p e n d e n t
methyltransferase en-
zymes, causing enzyme
inhibition.82 As stated above, this inhibition of
methylation reactions can affect a great number
of biochemical processes and can result in de-
creased production or metabolism of many sub-
stances, as well as decreased hepatocellular detoxi-
fication. For instance, high levels of homocysteine
(and thus high levels of
SAH) can decrease the
activity of MTHFR, the
enzyme responsible for
methylating methylene
tetrahydrofolate to
5MTHF, which then re-
methylates homocysteine
via B12 using methion-
ine synthase, another
methyltransferase inhib-
ited by SAH.82

SAH-induced
inhibition of
methyltransferase en-
zymes is very important
in brain tissue because
the alternate homocys-
teine re-methylating en-
zyme, betaine-homocys-
teine methyltransferase,
does not have any activ-
ity in the brain (Figure 4).
Also, only the liver, pan-
creas, kidney, and intes-
tine exhibit full activity
of the trans-sulfuration
pathway that metabolizes

homocysteine to cysteine and taurine.
It has been suggested, since CNS cells

cannot export SAH from cells, that homocysteine
extracellular transport is the only way CNS cells
can decrease levels of SAH.83 This can increase
plasma homocysteine levels; however,

Figure 4.  Brain Cells Can only Convert Homocysteine to
Methionine via Methionine Synthase

Figure 3.  The Reversible Reaction between
S-Adenosylhomocysteine and Homocysteine

S-Adenosylhomocysteine    Homocysteine

S-adenosylhomocysteine
hydrolase

Inhibits methyltransferase enzymes
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homocysteine would not necessarily be the
problem, but a marker for pathological levels of
SAH. It is also possible SAH and homocysteine
might be responsible for the pathogenesis of
vascular diseases, neural tube defects, poor
cognition, and other effects that previously have
been attributed to homocysteine. It also may be
that these abnormalities only affect individuals
somehow genetically predisposed to their damage.
Whatever the cause of abnormal levels of
homocysteine and SAH may be, the results appear
to be individualized and tissue specific.

Inhibited DNA methylation due to de-
creased folate has been shown to cause altered
expression of certain genes, induction of cellular
differentiation, alterations in chromatin conforma-
tion, and cell phenotypic changes. In
neurodegenerative diseases such as mentioned
above, homocysteine and SAH accumulation
cause oxidative stress and neuronal excitotoxicity.
Homocysteine also causes DNA strand breakage,
resulting in mitochondrial membrane damage,
nuclear disintegration, and apoptosis of neuronal
cells.81 Neuronal cells cultured in methionine- or
folate-deficient growth medium exhibited signifi-
cantly higher levels of apoptosis compared to con-
trols.76

Another possible sequelae of
hypomethylation involves amyloid-beta peptide,
which accumulates in neurons of AD patients. The
precursor of this peptide is amyloid precursor pro-
tein (APP), and the gene for this protein is highly
methylated. Gene mutations involved in increased
expression of APP and elevated production and
extracellular deposition of the beta-amyloid pep-
tide might be promoted by decreased methyla-
tion.83,84 In addition, in cell cultures and in mice,
folic acid deficiency and excess homocysteine
impaired DNA repair in hippocampal neurons and
sensitized them to amyloid-beta toxicity.76

Conclusion
It is vitally important that methyl-

transferase enzymes are fully active in the brain,
as the brain is extremely dependent on the methyl
groups provided by folic acid, vitamin B12, and
SAMe. However, these methyl-group providers

can be stressed in many situations – dietary defi-
ciency, poor absorption, improper conversion of
folates, defective transport and/or oxidative con-
version of folate and/or B12, and genetic poly-
morphisms of the MTHFR enzyme. “Pushing”
these enzymes by providing large amounts of their
cofactors appears to be an effective way of com-
bating the reduction of enzyme activity often seen
in these individuals.

Studies of individuals with a wide range
of cognitive impairment consistently show in-
creased plasma homocysteine and decreases in
enzymatic cofactors involved in methionine and
homocysteine metabolism. The few studies avail-
able that have supplemented demented patients
with these cofactors have usually given only one
cofactor for short periods of time, with mixed re-
sults. Given the apparent individualized metabolic
dysfunctions in dementia, it makes sense to pro-
vide all the nutrients needed for the metabolism
of these amino acids.

In the small number of intervention stud-
ies seen in the scientific literature, patients who
respond best appear to be those with mild or mod-
erate dementia. It remains to be seen if higher
doses or longer-term studies will result in better
efficacy in more severely affected patients. Defi-
ciency of these vitamin cofactors is a common
occurrence in the elderly. Since B12, folate, be-
taine, and B6 have been proven to lower homocys-
teine levels and are an inexpensive intervention,
supplementation is a prudent preventive measure
in middle-aged to elderly individuals. Preven-
tively, 1 mg B12, 800 mcg folate, 25-50 mg B6,
and 500-1,000 mg betaine can be utilized in at-
risk individuals, while a regimen of 2 mg B12, 2-
5 mg folate, 50-100 mg B6, and 1-3 g betaine ap-
pears to be a rational approach for treatment of
those with dementia.
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