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HoMOCYSTEINE: A RIsk FACTOR WORTH TREATING

s an emerging independent risk factor for cardiovascular disease and other aging diseases such as
Alzheimer’s, homocysteine related research has generated a vast amount of literature and sparked a vigorous debate
over the past decade. In fact, a comprehensive textbook is now available describing the role of homocysteine in
health and disease (3). This review will survey the history of homocysteine research, the rationale for considering
homocysteine as a causative agent, rather than just a marker for vascular diseases; and review the intervention trials

for lowering homocysteine in patients.

Homocysteine is a sulfur amino acid and a normal intermediate
in methionine metabolism. When excess homocysteine is made and
not readily converted into methionine or cysteine, it is excreted out of
the tightly regulated cell environment into the blood. It is the role of
the liver and kidney to remove excess homocysteine from the blood.
In many individuals with in-born errors of homocysteine
metabolism, kidney or liver disease, nutrient deficiencies or
concomitant ingestion of certain pharmaceuticals, homocysteine
levels can rise beyond normal levels and lead to adverse health
outcomes.

The role of elevated blood homocysteine

lesions in these individuals and he further postulated that
moderately elevated homocysteine due to heterozygous mutations
in homocysteine related genes or poor vitamin status would also lead
to increased risk of cardiovascular disease (4).

By the early 1990's, elevated homocysteine was being
considered an independent risk factor for cardiovascular disease
(along with cholesterol and other lipid markers, age, gender, smoking
status, obesity, hypertension and diabetes). A prospective study of
male physicians in 1992 found that acute myocardial infarction (MI)
or death due to coronary disease was statistically related to increased
homocysteine levels, after adjusting for other

levels in clinical practice is still being debated. Figure 1 risk factors (5). In 1995, a key meta-analysis
The central question is whether it is clinically H b was published by JAMA in which 27 studies
beneficial to measure for and treat elevated levels 1 | — involving over 4,000 subjects concluded that
of homocysteine (1-2). While some consider - f homocysteine was an independent risk factor
homocysteine as simply a marker but not a | 2 ,f for cardiovascular disease (CVD) and
treatable causative agent, or ignore homocysteine . Fi estimated that 10% of the population’s CVD
as an innocuous metabolite that is coincidental __' e 1 f i risk is attributable to elevated homocysteine
to other treatable risk factors; the weight of the | & 4 i (6). In total there are nearly 100 retrospective

scientific evidence suggests otherwise.

and prospective clinical studies linking

homocysteine levels and increase risk of

Brief Historical Perspective .

cardiovascular outcomes and numerous

In the early 1960’s several inborn errors of -
homocysteine metabolism were described in -

reviews of the literature available (7-11).
According to a recent meta-analysis of

young children leading to extremely high levels of
homocysteine— resulting in mental retardation and early death,
caused usually by some cardiovascular event. After examining many
cases and performing autopsies on several young people, Kilmer
McCully concluded, as did others, that the severely elevated levels of
homocysteine were directly responsible for the various vascular

the data, a causal relationship between
homocysteine and cardiovascular disease is highly likely (12). The
authors conclude that lowering homocysteine 3 pmol/L would
reduce the risk of ischemic heart disease by 16%, deep vein
thrombosis by 25% and stroke by 24%.
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IN My OPINION

Saw palmetto extracts lower urinary
symptoms in patients diagnosed with benign
prostatic hyperplasia (BPH). This is a truthful
statement and can be shown by reliable clinical
trials published in peer-reviewed journals. And
even though saw palmetto extracts are classified as
dietary supplements if a manufacturer were to
produce a product with the above statement on
the label (or in other point of purchase literature)
the FDA would consider this an unapproved drug.
Why? Because for FDA, a drug is not the substance
per se, but what can be said about the substance.
If the substance is intended to diagnose, prevent
or cure a known disease, then it is a drug and
requires FDA drug approval. This is why
pharmaceutical companies spend as much time
inventing new diseases as they do new drugs. That
said, dietary supplements (nutraceuticals as they
might be called) are substances, we are told, not
intended to diagnose, prevent or cure any known
disease. Apparently saw palmetto is fine when it is
being used by persons without BPH, or for those
who treat BPH unintentionally. With this type of
logic water is fine when used “to support normal
hydration” but becomes an unapproved drug
when recommended to hydrate persons with
diarrhea.

As it turns out, this may be one of the

big issues facing the use of nutraceuticals in the
future and it involves the First Amendment to the
Constitution. The question is whether FDA has the
right to curtail free speech of certain words (those
involving diseases) when they are used truthfully
regardless of the substance’s FDA approval status.
This is one of the major stumbling blocks
preventing research of proprietary dietary
supplement products. Who wants to do a multi-
center, double-blind study showing their product
significantly lowers BPH symptoms when all they
can legally say is “Supports normal prostate
function- not intended to cure.....etc.” This is not
only false, but ludicrous. FDA must be called to
task for this double standard and allow claims to
be made which reflect the real benefit of products
being sold, independent of whether those claims
include a disease. Until then, we will be at the
mercy of looming new diseases invented to sell us
more pharmaceuticals.*

* These comments are not intended to diagnose,
cure, or treat the overwhelming conflict of interest
between the FDA approval process and Big
Pharma.

(continued from page 1)
Homocysteine Metabolism

Figure 2 (p.6) shows the basic metabolic pathways concerning
homocysteine. Homocysteine is an intermediate in methionine
metabolism, the latter being derived primarily from dietary protein.
This pathway involves the formation of S-adenosylmethionine (SAM)
which subsequently transfers a methyl group to any number of several
methyl acceptor molecules (DNA, proteins, neurotransmitters) and
forms adenosylhomocysteine, which is subsequently converted to
homocysteine.

Homocysteine is then either converted back to methionine by
remethylation or further metabolized to cysteine via the
transsulfuration pathway. Remethylation primarily occurs when a
methyl group is transferred from methyltetrahydrofolate (MTHF), the
active form of the folic acid/folate cycle, by a methyltransferase
enzyme requiring cobalamin (vitamin B12) as a necessary cofactor. A
secondary remethylation pathway, active primarily in liver and kidney
cells, uses trimethylglycine (a.k.a. betaine) as the methyl donor. The
transsulfuration pathway requires two enzymatic reactions, both of
which require the cofactor pyridoxal-5-phospate- the active form of
vitamin B6.

Measuring Homocysteine Levels

Homocysteine (Hcy) levels can easily be measured in most
laboratories which test for other blood chemicals. It is important to
follow the instructions provided by the lab to ensure consistent
homocysteine measurements. Often, incorrect values are a result of
poor collection, poor post-collection procedures (not centrifuging or
storing on ice soon enough), or non-fasting conditions. Average
fasting plasma total homocysteine for “healthy” subjects in the
current folic acid fortified U.S. population is between 6 and 12
pumol/L (or uM). In normal subjects, 75% of total plasma Hcy (tHcy)
is bound to various proteins (primarily albumen) via disulfide bonds.
The remaining 25% free Hcy is found mostly as oxidized
homocysteine dimers (homocystine) or as homocysteine-cysteine
heterodimers; while only about 1-2% is in the reduced state. Because
of the many forms of homocysteine, tHcy was often termed
“Homocyst(e)ine” in the literature to account for these multiple
forms. Currently, most of the studies concerning Hcy levels have
primarily focused on tHcy levels and not on free Hey or free/bound
ratios. Some advocate for the use of free Hcy as a marker rather than
tHcy or even intracellular levels rather than plasma levels, although
more research in humans needs to be conducted as other species such
as rats have 65-75% of tHcy as free Hcy.

Hyperhomocysteinemia- Risk Factor Assessment
Increased Mortality

Elevated plasma tHcy is an independent risk factor for
cardiovascular as well as non-cardiovascular mortality (31, 13). In a
prospective cohort study following 2127 men and 2639 women for over
4 years, increasing levels of plasma tHcy was directly related with
increasing mortality. The population was divided into quintiles based
on initial plasma tHey (5.1-8.9, 9.0-11.9, 12.0-14.9, 15.0-19.9, >20 ymol/L)
and followed for survival. After adjusting for other cardiovascular risk
factors the overall mortality ratio was 1, 1.33, 2.02, 2.48, and 3.56 for
the 5 quintiles. The authors conclude that after multivariate adjustment,
a 5 pmol/L increase in tHcy increased all cause mortality by 49%,
cardiovascular mortality 50%, cancer mortality 26% and non-cancer,
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non-cardiovascular mortality 104%. This data suggests that the level of
homacysteine which is likely to result in a low risk for mortality is
below 9 and perhaps even lower. Figure 1 shows a graph of increasing
coronary artery disease (CAD) risk (both fatal and non-fatal)
summarized from the various prospective trials available. The data
suggest that the relative risk surpasses one at 6.5 umol/L, and continues
to increase in a near linear fashion until plasma levels of 20 pmol/L or
more.

Increased Acute Coronary Syndromes

We have sufficient epidemiological evidence to conclude that
moderately elevated homocysteine increases the risk of
cardiovascular events. However, what about acute coronary events
following admissions with either unstable angina or myocardial
infarction? This was measured in 440 consecutive admissions to a
coronary care unit (14). Each patient was diagnosed and treated and
baseline homocysteine levels were recorded. Of the patients surviving
the first 28 days (in which 9.3% of the MI patients died), there was a
statistical decrease in event-free survival in patients with tHcy above
12 umol/L (nearly 4 times more events from the highest to the lowest
quintiles). This data, as well as data from the MRFIT trial (15),
suggest that homocysteine may be an even better predictor for the
recurrence of cardiovascular events than for a first cardiovascular
event. Additionally, according to researchers from the Framingham
Heart Study, hyperhomocysteinemia is also an independent risk
factor for congestive heart failure even in patients without prior
cardiovascular events (108).

Increased Stroke Risk

As cerebrovascular events are similar in many ways to
cardiovascular events, it should not be surprising that homocysteine
is also an independent risk factor for ischemic stroke (16). Following
a cohort from the Framingham study (32), those individuals in the
highest quartile (>14.24 pmol/L) had a relative risk of 1.8 compared
to the lowest quartile (<9.25 umol/L) in incidence of stroke over a 10
year follow-up. Even with these data, there is not complete
agreement on whether tHcy is causal or coincidental with incidence
of stroke (17,18,19). One report showed that in 75 patients who
experienced an ischemic stroke event, there was nearly a 12 fold
increase risk of bad recovery (Rankin Scale) in patients with tHcy
levels above 15 pmol/L (20). This is confirmed by other reports of
increased recurrent stroke based on increasing homaocysteine levels (21).

Risk of Hypertension

The relationship between homocysteine and hypertension is
less understood (22). As many of the risk factors for hypertension
and other cardiovascular diseases overlap, it is difficult to deduce
when one is a risk factor for the other, however the mechanisms by
which homocysteine are thought to affect the vascular endothelium
are consistent with in vitro research and known mechanisms for
hypertension (23). Data suggests that elevated tHcy is an
independent risk factor for primary hypertension as well as primary
pulmonary hypertension (23,24). Hypertensive patients typically
have higher homocysteine than normotensive controls (25), a
condition exacerbated by smoking (26) and menopause (27).

In addition, the Dietary Approaches to Stop Hypertension
(DASH) diet, recommended to hypertensive patients is beneficial for

lowering blood pressure as well as homocysteine (28). This diet is
high in fruit and vegetable consumption and recommends low dairy
and meat fat intake. Physicians should note that thiazide diuretics,
some of the first medications given to hypertensive patients,
significantly raise homocysteine levels which may nullify any benefit
gained by the medication (29).

Risk of Cognitive Disorders and Dementia

In February of 2002, the New England Journal of Medicine
published a landmark study in which they concluded that increased
plasma homocysteine is a strong, independent risk factor for
developing dementia and Alzheimer’s disease (30). Taking data from
1092 participants in the Framingham Study cohort, they found that
the risk for Alzheimer’s dementia doubled (average 8 year follow-up)
when the plasma tHcy exceeded 14 pmol/L. These results confirmed
smaller studies published previously concerning cognitive decline
and dementias related to serum homocysteine levels
(33,34,35,40,42), but others dispute the direct connection between
Hcy and dementias preferring to interpret the data as coincidental (36,37).

In two separate community studies, increasing serum
homocysteine levels was inversely related to how well healthy elderly
subjects performed on the Mini-mental State Examination, widely
used to measure cognitive impairment in elderly patients (38,39). Of
course, mild cognitive impairments is one of the leading risk factors
for dementias and specifically Alzheimer’s disease (41).

While the mechanism is not fully understood, many of the same
processes may be at work in cerebrovascular tissue and neurons as are
proposed for arterial endothelial damage (see section Possible
Mechanisms for Homocysteine). Alzheimer patients have higher
plasma homocysteine levels, but they also have higher levels of
asymmetric dimethylarginine and decreased concentrations of nitric
oxide (43), two risk factors for cardiovascular disease related to the
oxidative affects of homocysteine and perhaps emerging risk factors
for dementia. It is known that patients with either mild cognitive
impairments or Alzheimer's disease have similarly and severely
reduced levels of all major antioxidants (44). How much
homocysteine plays in the reduction of these plasma antioxidants
remains to be seen, however in vitro research on oligodendrocytes
suggests that homocysteine increases the neuronal cytotoxic effect of
amyloid beta-peptides (45). A very recent published report also
suggests that a protein called transthyretin (prealbumin) becomes
amyloidogenic and potentially a factor in dementia when it is bound
to homocysteine (46). Another interesting finding is that treating
patients with hyperhomocysteinemia and mild cognitive impairment
with folic acid, B6 and B12 improves the function of the blood brain
barrier (47).

Homocysteine and Diabetes

While no specific causal relationship has been attributed to
onset or risk of type Il diabetes and homocysteine levels, the fact that
both of these are strong independent risk factors for cardiovascular
disease has lead researchers to study what relationship they have in
overall risk for diabetic patients. Type Il diabetics have cardiovascular
mortality rates 2 to 4 times that of non-diabetic controls and diabetic
patients with hyperhomocysteinemia (tHcy above 14 pmol/L) have a
2-fold higher risk of mortality than other diabetic patients (tHcy
below 14 pmol/L). For each 5 pmol/L increase in serum tHcy, the risk
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of 5 year mortality rose by 17% in non-diabetics and 60% in diabetic
subjects (48). Looking further at these data, this same group
concluded that homocysteine increases the risk of retinopathies in
diabetic subjects, but is not correlated to increased risk in non-
diabetic subjects (49). There may also be a connection between
gestational diabetes and homocysteine levels- a relationship that
could result in several different types of birth defects (50).

Whatever the relationship between homocysteine and diabetes
is, it seems that improved glycemic control lowers homocysteine levels
in diabetic patients. In 95 type Il diabetics followed for 3 years, those
patients with improving glycemic control measured by glycosylated
hemoglobin (%HbA1c) had lower homocysteine levels than those
with increased HbA1c levels after 3 years (51). It is possible then, that
one of ways by which diabetes increases cardiovascular risk is by
increasing homocysteine levels- although the means by which this
occurs is unknown at present (78). Measuring and treating diabetic
patients for elevated homocysteine levels may increase the benefit of
improving glycemic control in the same population. Ironically,
metformin, one of the leading oral hypoglycemic drugs used to treat
type Il diabetics, decreases plasma folate and vitamin B12 levels and
increases homocysteine levels (52). Certainly one should consider
lifestyle and nutraceutical interventions prior to drug therapy for this
and other reasons (see The Standard Vol. 5 #1 for natural ways to treat
type Il diabetes and metabolic syndrome).

Homaocysteine and Cancer Risk

For the past several years, a link has been established between
certain cancers and elevated plasma homocysteine. It is a bit early in
the cycle of data collection to know how much can be attributed to
high homocysteine and how much to lower folate, B6 or B12 levels;
or perhaps even to a genetic predisposition that is causative to both
phenomenon. That said, some groups find a strong predictive
relationship between tumor growth and homocysteine levels (53)
and others have developed theories by which homocysteine affect
carcinogenesis via estrogen-induced pathways (54) or DNA damage
(55). As there is little information on the long-term affects of
therapeutically lowering homocysteine levels and preventing or
treating various cancers, little more can be said at this time.

Homaocysteine and Kidney Disorders (56)

Normal kidney metabolism and filtration plays a prominent
role in removing homocysteine from the blood. Not surprising then,
hyperhomocysteinemia is very common in patients with chronic
renal insufficiency and is nearly ubiquitous in patients with end-stage
renal disease; who have up to a 30 times higher risk of cardiovascular
related death than the general population. Likewise, renal transplant
recipients typically have elevated homocysteine levels (57). These
groups of patients are often targeted for treatment with homocysteine
lowering therapies, the results of which are covered in another section
(Homocysteine Lowering Therapies)

It is important to note that only free (unbound) homocysteine
is filtered and metabolized by the kidney. As this represents only 25%
of the plasma tHcy levels in humans, one way to increase kidney
filtration efficiencies (in patients with normal kidney function) may be
to stimulate the conversion of bound Hcy to free Hey. This has been
clinically proven by giving patients N-acetylcysteine (NAC), a thiol
compound that directly, or through increased glutathione levels can

break homocysteine-protein disulfide bonds. See NAC heading in
“Homocysteine Lowering Therapies” section for more details.

Homocysteine and the Risk for Other Conditions

To exhaust the list of conditions that have been linked to
elevated homocysteine levels would be futile. Here are some that may
be of interest: deep-vein thrombosis (58,59), neural-tube and other
birth defects (60,61), peripheral arterial occlusive disease (62,63),
Parkinson’s disease (64), and polycystic ovarian disease (65,66).

Possible Mechanism Attributed to Homocysteine

In order to consider homocysteine a causative rather than
coincidental factor, plausible mechanisms for homocysteine action
must be presented and tested. The most common and plausible
mechanism are briefly outlined here.

Oxidative Damage

Much of the endothelial dysfunction attributed to homocysteine
is thought to occur primarily from oxidative stress (82,97). This is
also one of the proposed mechanisms for DNA damage and
carcinogenesis (55). In one study (98), 17 healthy volunteers were
given methionine (100mg/kg) to induce elevated homocysteine
levels which immediately led to vascular endothelial dysfunction-
measured by brachial artery flow-mediated dilation (a nitric oxide
mediated process). This rapid onset of endothelial dysfunction was
prevented when these same subjects consumed vitamin C (1 g/day
oral) for 1 week prior to the test. This is strong evidence that
oxidation is part of the mechanism attributed to homocysteine, and
perhaps explains one of the many benefits of antioxidant therapy for
vascular dysfunction (99,100).

Relation to Other Risk Factors

If homocysteine directly increases other cardiovascular risk
factors or reduces beneficial factors, this may contribute to some of
the increase in cardiovascular risk. Studies have shown that
homocysteine suppresses the vasodilator nitric oxide (90,91),
perhaps by increasing the levels of asymmetric dimethylarginine
(ADMA), a strong inhibitor of the endothelial nitric oxide synthase
(eNOS) and strong independent risk factor for cardiovascular disease
(92), although the relationship is still debated (93,94). If indeed this
is true, this could certainly account for dramatic changed in vascular
endothelial compliance and platelet coagulation changes which
promote cardiovascular disease. Also, some reports show that
homocysteine is capable of increasing the activity of HMG-CoA
reductase, which results in increased cholesterol synthesis (95,96).

Vascular Smooth Muscle Cell Proliferation

In numerous in vitro studies, homocysteine was able to trigger
proliferation of vascular smooth muscle cells (101,102,103), an effect
which is attenuated by folic acid (104,105). By increasing vascular
smooth muscle proliferation, the arterial lumen space will be more
narrow- typically considered to be deleterious for CAD. This
mechanism, along with endothelial cell cytotoxicity (103) is thought
to be a leading cause of vascular lesions triggered by
hyperhomocysteinemia.
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Causes for Hyperhomocysteinemia

We have reviewed the various diseases for which homocysteine
is a risk factor or marker and the potential mechanisms by which
homocysteine may be a causative factor. Here we will briefly review
the factors which predispose or cause elevated homocysteine levels.
Table 1 summarized this information.

Diet and Lifestyle Factors

It is obvious from the metabolism of homocysteine (Fig 2) that
if the required metabolic cofactors folic acid, vitamin B6 or vitamin
B12 are suboptimal in the diet, homocysteine levels may elevate. In
fact, hyperhomocysteinemia can be induced in monkeys simply by
increasing methionine and decreasing folic acid and choline, the
precursor of betaine, from their normal diet (67). Numerous human
epidemiological studies have shown homocysteine levels correlate
inversely and closely with plasma folate levels and less so with
vitamin B12 and B6 levels (68,69,70).

The DASH diet, promoted for lowering hypertension, also
significantly lowers homocysteine levels- presumably because it
promotes higher intake of fruits and vegetables, providing more folic
acid and vitamin B6 and lower amounts of methionine (28).
Interestingly, while increasing fruit and vegetable intake seems to
lower homocysteine levels (71), strict

R-synthase deficiency (CBS- see Figure 2), inborn errors of cobalamin
metabolism or absorption, and inborn errors in folate metabolism.
As most of these particular defects are beyond the scope of this
review, those wanting further information concerning these should
consult specific references (3,82,83,84). One of these is worth a
further mention however.

Mutations in the gene encoding for the enzyme
methylenetetrahydrofolate reductase (MTHFR) are well known in the
literature. This enzyme is responsible for the conversion of 5,10
methylenetetrahydrofolate to 5-methyltetrahydrofolate (MTHF or
5MTHF), the active folate that donates its methyl group to
homocysteine to make methionine (Fig. 2). Certain rare defects in
this gene render the enzyme completely dysfunctional and these
individuals are noted for extremely high homocysteine,
homocystinuria, brain damage and childhood cardiovascular disease.
An extremely common mutation in the MTHFR gene, known as a
polymorphism because it occurs at greater than 1% in most
populations, results when a cytosine is replaced by a thymine at base
pair number 677 (C677T). This polymorphism leads to an alanine to
valine change in the enzyme which results in a 55-65% loss in
enzyme activity. Individuals with errors in both alleles (TT
homozygous) may realize this level of enzyme activity reduction,
while those with a C677T change in one allele (CT

heterozygous) will have only a 25% loss in activity

vegetarians are often at risk for

hyperhomocysteinemia due to low /
plasma B12 levels (72,73). Coffee
consumption (24 cups/day) seems to
be linked with moderate elevations in
homocysteine (74,75), although this
effect can apparently be countered by
supplementing with 200mg/day of
folic acid (76). Moderate levels of
alcohol consumption (even wine) may
raise homocysteine levels (77)-
although some reports claim that
moderate beer consumption may
actually lower homocysteine levels Diet
(79). As with nearly every other
cardiovascular risk factor, smoking

Table 1:

General
« Increased Age
« Male Gender

Lifestyle factors
« Smoking
« High consumption of coffee

be beneficial)

Factors Causing
Hyperhomocysteinemia

« Menopause (HRT may lower homocysteine)

« Alcohol consumption (moderate beer intake may

 Low consumption of fruits & vegetables

« No consumption of multivitamins

« Low intake of folic acid, vitamin B6, vitamin B12
« High intake of methionine containing proteins

\ compared to a CC homozygous individual (85,86). The
frequency of this polymorphism is very low in some
populations (<1% in those of African descent) and very
high in others (11-15% in Anglo-Americans and >20%
in Italian, Hispanic and Columbians). As half of the
homocysteine is metabolized by remethylation to
methionine, this polymorphism is often associated with
elevated homaocysteine levels, although adequate folate
levels minimize this significantly (87,88). A complete
meta-analysis of the C677T polymorphism effect on the
risk for heart disease has recently been published (111).
Pharmaceuticals that Increase
(3,29,52,89)

Many pharmaceuticals commonly prescribed to
patients have the unintended consequence of increasing

Homocysteine

cigarettes is linked with elevated levels
of homocysteine (80,81).

Genetic Defects in Homocysteine
Metabolism

The metabolism of homocysteine
is dependent on one of several
enzymes, a methyl donor and several
nutrient cofactors. All of these
pathways are therefore ultimately
controlled by the genes encoding the
various metabolic enzymes- and as
with any gene, there are inborn errors
that affect the efficiency by which
homocysteine can be metabolized. The
three main errors that have become
clinically important are cystathionine

Diseases or Inherited Causes
« Cystathionine R-Synthase deficiency
* SMTHFR errors
« Methionine synthase deficiencies
« Chronic Renal Failure
« Diabetes
« Hypothyroidism
 Psoriasis
« Certain malignancies
« Malabsorption syndrome
* Rheumatoid Arthritis

Drugs that increase Homocysteine
 Some antiepileptic drugs (phenobarhitol, valproate,
phenytoin etc)
 Methotrexate
« Nitrous oxide
 Cholestyramine
= Fibric acid derivatives
« Estrogen-containing oral contraceptives
 Metformin
« Niacin
 Theophylline
« Sulfasalazine

plasma homocysteine levels (see Table 1). Many of
these do so by impairing folate metabolism or
absorption: oral contraceptives, methotrexate, certain
anticonvulsants, sulfasalazine and metformin. Several
are used to lower risk of cardiovascular diseases such as
thiazide diuretics, cholestyramine, and fibric acid
derivatives.

Homocysteine Lowering Therapies

If the debate over whether moderate
hyperhomocysteinemia is a causative agent for various
diseases is relatively convoluted, the treatment that
effectively lowers homocysteine levels is, conversely,
fairly straight forward.

Folic Acid
The fact that about half of the homaocysteine is

)
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metabolized by remethylation to methionine, a process involving a
folate-derived methyl donor, makes folic acid an obvious choice for
treatment. In fact, the connection between blood folate levels,
homocysteine, and the incidence of neural tube defects was so
compelling that the FDA mandated the fortification of all enriched
flour, rice, pasta, and grains (140ug/100g) in the US since January
1998. This moderate increase in folate consumption has had an
impact on the population in terms of increasing plasma folate levels
and decreasing baseline homocysteine levels (106,107). Whether
these modest decreases in homocysteine will reduce cardiovascular
risk in the overall population is still to be seen, but fortification
(which can result in nearly 200 pg/day of folic acid) is unlikely to be
therapeutic in patients with coronary heart disease with elevated
homocysteine (109). These patients typically need at least 800 pg or
more per day of supplemental folic acid to achieve meaningful drops
in homocysteine (110).

In general, one can reasonably predict that adequate
supplementation (0.5-5mg/day) will result in a 25% reduction of
homaocysteine levels (112). One group determined that in order to
ensure that 95% of the elderly population was without risk due to
folate deficiency, intake of 925 pg/day would need to be consumed
(113). Interestingly, once weekly doses of nearly 3grams had the
equivalent homocysteine lowering effect as daily doses of 400 pg in
one group of women studied (114).

2mg/day of folic acid. When using these higher doses of folic acid,
additional vitamin B12 is usually recommended to prevent a masked
B12 deficiency.

Forms of Folic Acid
Synthetic folic acid taken in supplement form or fortification
has nearly double the bioavailability as folates within foods (3-
Pg.271). Available forms include folic acid, folinic acid (formyl
tetrahydrofolate) and 5-methyltetrahydrofolate (5-MTHF). With the
understanding that some individuals have genetic-related difficulties
producing the methylated folate forms, several groups have looked at
whether 5-MTHF or folinic acid would be have more therapeutic
benefit with respect to lowering homocysteine in various
populations. In a recent study, 160 healthy women were given either
400 pg/day of folic acid or 480 pg/day (equimolar amount) of 5-
MTHF (118). Blood samples were collected at baseline, 4 weeks and
8 weeks and measured for tHcy. In these women, folic acid was
significantly better at lowering homocysteine that 5-MTHF. In women
homozygous for the C677T polymorphism, in whom one would
logically expect 5-MTHF to be perform better than folic acid, the folic
acid supplement reduced homocysteine better than the 5-MTHF. One
other study in healthy adults using low doses (100 pg equivalents) of
folic acid and 5-MTHF to mimic fortification levels showed similar
results (119). These two compounds seem to have similar
bioavailabilities in humans (120). In hemodialysis
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patients taking 15 mg/day of folic acid, equivalent high
doses of 5-MTHF were of no additional benefit; and
although both were beneficial, neither could fully
normalize the elevated levels in these patients (121).
More research needs to be conducted to see if there is a
patient population which could benefit from the use of
folate forms other than folic acid, the form used in nearly
all the research to date.

Serine

* Glycine

NADP*
Vitamin B12 and Vitamin B6

Unlike folic acid, which acts as a substrate in the
remethylation reaction, vitamins B12 and B6 act as
cofactors for the enzymes responsible for remethylation
and transsulferation, respectively (See Fig. 2). While we
know that each plays a role in keeping homocysteine
levels from elevating, it is difficult to assess their role
independently, as most intervention trials include folic

High Dose Folic Acid

While moderate supplementation of folic acid supplementation
is successful in lowering homocysteine in the vast majority of the
population, many individuals with cardiovascular disease, kidney
disease ( including renal transplant patients or patients on
hemodialysis) are refractory to these lower levels and require
significantly higher levels of folic acid supplementation (2-15
mg/day are often used ) (115-117). As most of these studies were
done in combination with other vitamins, these studies will be
discussed in the “Combination Treatments” below. It is interesting to
note that nearly all of the large intervention trials currently assessing
the role of folic acid (in combination with other vitamins) for the
reduction of homocysteine and cardiovascular risk use at least

acid as well. One meta-analysis, which concluded that
folic acid provides a 25% drop in homocysteine, reported that
additional B12 (avg. 0.5 mg/day) would produce an additional 7%
reduction in tHey and B6 (avg. 16.5 mg/day) had negligible benefits
(112). However, when individuals are deficient in either B12 or B6, as
is common in the elderly and those with poor dietary nutrition, both
B12 and B6 may have significant benefit (122-125). Likewise, use of
folic acid with vitamin B6 and B12 typically reduces homocysteine in
a way that suggests synergistic effects (see below). Typical vitamin
B12 doses range from 200 pg-2 mg per day and vitamin B6 doses
from 10-100 mg per day. The most commonly used form of vitamin
B12 in the literature is cyanocobalamin (although many clinicians
prefer to use methylcobalamin); while for vitamin B6, it is pyridoxine
hydrochloride.



(continued from page 6)
Combination Treatment and Clinical Outcomes

In most homocysteine lowering intervention trials a
combination of folic acid, B6 and B12 is used and compared to
placebo. And while homocysteine levels are consistently lowered, the
important question is whether clinical outcomes are changed. Let us
review a few of the more recent clinical studies concerning clinical
outcomes.

Improved vascular endothelial function was demonstrated by
measuring brachial artery flow-mediated dilation in coronary heart
disease patients given 5mg folic acid and 1mg vitamin B12 daily for
8 weeks (127). In these patients, tHcy levels went from an average of
13.0 to 9.3 in these 8 weeks, while flow-mediated dilation improved
from 2.5% to 4.0% at the same time (placebo-group showed no
improvement in either). The authors believe that because flow-
mediated dilation is mediated through NO and homocysteine is
known to lower NO levels, this is one of the likely mechanisms
attributed to this therapy. Additionally, these authors believe it is the
reduced unbound form of homocysteine (which accounts for only
about 1-2% of the tHcy) that may be the culprit in endothelial
damage (128). Other groups have confirmed that lowering
homocysteine by folic acid therapy alone (5mg) has a benefit on
vascular compliance (131).

As we mentioned previously, renal-transplant recipients (RTRs) are
noted for elevated homocysteine and increased risk for CAD. A group of
56 RTRs with elevated homocysteine were randomly assigned to either
placebo or vitamin supplementation (folic acid 5mg/day, B6 50 mg/day,
B12 400 ug/day) and followed for 6 months (129). In the vitamin
group homacysteine levels fell from an average of 21.8 (range 15.5-
76.6) to 9.3 (5.8-13.0) while the placebo group saw no change (pre
20.5, post 20.7). Additionally, these patients were measured for carotid
intima-media thickness (cIMT), considered to be a marker for
atherosclerotic changes and an independent risk factor for myocardial
infarction and stroke. In 6 months, RTRs receiving vitamin therapy had
an average 32% reduction in cIMT while those on placebo had an
increase of 23%. Another study reported that 5 mg of folic acid with
250mg of B6 for 2 years in healthy siblings of patients with premature
atherothrombotic disease, decreased occurrence of abnormal exercise
electrocardiography tests, which is consistent with a decreased risk of
atherosclerotic coronary events (130). These data suggests that
outcomes, apart from merely lowering homocysteine, are measurable in
these patients.

Another way this can be assessed is to measure outcomes after
interventions such as angioplasty. Such was the case in the Swiss Heart
Study (132). 556 post-angioplasty patients were randomized to receive
either placebo or a vitamin combination (1mg folic, 400 pg B12 and
10mg B6) and followed for 1 year. After adjusting for potential
confounders, at the end of one year the group taking the vitamin
combination had a 34% reduction in risk compared to the placebo
group (combined risks for death, non-fatal myocardial infarction and
need for repeat revascularization). Event-free survival and decreased rate
of restenosis (re-narrowing after angioplasty) was previously shown
with the same moderate doses of vitamins (133). Additional studies by
these authors have lead them to conclude that plasma homocysteine is
an independent predictor of mortality, nonfatal MI, target lesion
revascularization, and overall adverse late outcome after successful
coronary angioplasty (134). These data suggest that measuring and
treating elevated homocysteine levels in patients with previous CAD is

likely to have positive outcomes.

Betaine (TMG)

The use of supplemental betaine (trimethyglycine) is also a
potential treatment option as both kidney and liver cells express an
enzyme which allows for the remethylation of homocysteine using
betaine as a methyl donor. Fewer studies, however, have assessed the
use of betaine in large patient studies. A recent small trial of patients
with elevated homocysteine showed that 6 grams/day of betaine had
only about 65% of the homaocysteine lowering capacity compared to
800 pg/day folic acid (135). On the other hand, in these subjects,
betaine was able to blunt the homocysteine rise due to methionine
loading, while folic acid was not. The clinical implications of this, are
yet to be determined. Other studies have shown very small decreases in
homocysteine when similar doses are given to obese patients (136),
although doses much higher than this are beneficial in patients with
homocystinuria, where betaine use is more common (137). While
there are other health benefits for consuming betaine, at this point is
would seem to be a second-line therapy for reducing homocysteine,
and as a monotherapy would need to be consumed in excess of 6g/day.

N-Acetyl Cysteine (NAC)

NAC has been shown to increase plasma free homaocysteine, the
form removed by the kidney, by breaking the disulfide link of the
bound forms (139-141). A dose response curve is apparent with oral
doses, showing benefits are higher with daily doses of 1,800 mg/day
(142), while lower doses often do not show statistical improvements
(144). Hemodialysis patients often do not respond to even high NAC
doses (143,145). At present, the use of high doses of NAC may be a
potential addition to regimens containing the multivitamin
approach outlined above. Patients with impaired kidney function are
not likely to benefit from this approach however.

Summary

While there is much yet to be done to determine how significant
the overall benefit will be in measuring and treating homocysteine
levels in the clinical setting, enough evidence is available to suggest
ignoring homocysteine levels in patients at risk for cardiovascular
disease would be unwise. Knowing base levels of homocysteine in all
adult patients may simply be an easy way to measure folate, B6 and
B12 status, especially important in those with the C667T
polymorphism in the MTHFR gene.

We have presented data showing homocysteine as an
independent risk factor for numerous and various diseases, and
included plausible mechanisms by which homocysteine may play
causative roles in many of them. As treatment of
hyperhomocysteinemia with folic acid, vitamin B12 and vitamin B6
is extremely successful in a majority of these patients, there is little
reason not to consider this a target for lowering cardiovascular risk. If,
by chance, homocysteine is merely an innocuous marker and
coincidental with other modifiable risk factors- evidence suggests
that the multi-vitamin approach which lowers homocysteine
significantly reduces other measures of cardiovascular risk outcomes.
While this is unlikely to be independent of homocysteine lowering,
the benefit will be realized nonetheless.




Homocysteine References

1.Ueland PM, Refsum H, Beresford SA, Vollset SE. The over and
2. Brattstrom L, Wilcken DE. Homocysteine and cardiovascular disease: cause or effect? Am J Clin Nutr. 2000; 72(2):315-23,
3. Homocysteine in Health and Disease. Eds. Ralph Carmel Donald Jacobsen. 2001. Cambridge University Press, UK

risk. Am J Clin Nutr. 2000; 72(2):324-32

4. McCully KS. Vascular palhology of for the of ar . Am ] Pathol 1969; 56:111-28.

5. Stampfer MJ etal. A study of plasma and risk of myocardial infarction in US physicians. JAMA. 1992; 268(7):877-81.
6. Boushey CJ, Beresford SA, Omenn GS, Motulsky AG. A i of plasma ine as a risk factor for vascular disease.
Probable benefits of il |ncreasmg folic acid intakes. JAMA 1995; 274(13):1049-57.

7. Jacobsen DW. + and vitamins in disease . Clin Chem. 1998 (8 Pt 2):1833-43.

8. Haynes WG. Hyperhomocysteinemia, vascular function and atherosclerosis: effects of vitamins. Cardiovasc Drugs Ther. 2002; 16(5):391-9.

9. Clarke R, Stansbie D. of ine asa risk factor in clinical practice. Ann Clin Biochem. 2001; 38(Pt 6):624-32.
10. Auer ), Berent R, Eber B. Homocysteine and Risk of Cardiovascular Disease. J Clin Basic Cardiol 2001; 4:261-4

11. Herrmann W. The importance of hyperhomocysteinemia as a risk factor for diseases: an overview. Clin Chem Lab Med. 2001; 39(8):666-74.
12. Wald DS, Law M, Morris JK. Homocysteine and cardiovascular disease: evidence on causality from a meta-analysis. BMJ. 2002;
325(7374):1202.

13, Vollset SE, Refsum H et al. Plasma total ine and cardi and

mortality: the Hordaland F

81. Tsiara S, Elisaf M, Mikhailidis DP. Influence of smoking on predictors of vasculardlsease Anglolngy 2003; 54(5):507- 30
82. Durand P, Prost M, Loreau N, Lussier-Cacan S, Blache D. Impaired and

2001; 81(5):645-72.

83. Sunder-Plassmann G, Fodinger M. Genetic determinants of the homocysteine level. Kidney Int Suppl. 2003; (84):5141-4.
84. Lievers KJ, Kluijtmans LA, Blom HJ. Genetics cf hyperhomccyslelnaemla in cardiovascular disease. Ann Clin Biochem. 2003; 40(Pt 1):46-59.
85. Cortese C, Motti C. MTHFR gene and disease. Public Health Nutr. 2001; 4(2B):493-7.

86. Ueland PM, Hustad S, Schneede J, Refsum H, Vollset SE. Blologlcal and clinical implications of the MTHFR C677T polymorphism. Trends
Pharmacol Sci. 2001; 22(4):195-201.

87. Mal, Stampfer MJ et al. olate reductase
in US physicians. Circulation. 1996; 94(10):2410-6.

88. Malinow MR et al. The effects of folic acid supplementation on plasma total
methylenetetrahydrofolate reductase genotypes. Arterioscler Thromb Vasc Biol. 1097; 17(6):1157-62.

89. Desouza C, Keebler M, McNamara DB, Fonseca V. Drugs affecting ism: impact on
62(4):605-16.

90. Leoncini G, Pascale R, Signorello MG. Effects of homocysteine on I-arginine transport and nitric oxide formation in human platelets. Eur J
Clin Invest. 2003; 33(8):713-9.
ol

disease. Lab Invest.

plasma folate, ine, and risk of ial infarction

by 1 use and

risk. Drugs. 2002;

Study. Am J Clin Nutr. 2001; 74(1):130-6.

14. Stubbs PJ et al. Effect of plasma homocysteine concentration on early and late events in patients with acute coronary syndromes. Circulation.
2000; 102(6):605-10.

15. Evans RW, Shaten BJ, Hempel JD, Cutler JA, Kuller LH ine and risk of
Intervention Trial. Arterioscler Thromb Vasc Biol. 1997; 17(10):1947-53.

16. Abbate R, Sofi F, Brogi D, Marcucci R. Emerging risk factors for ischemic stroke. Neurol Sci. 2003; 24 Suppl 1:511-2.

17. Fallon UB, Virtamo | et al. Homocysteine and cerebral infarction in finnish male smokers. Stroke. 2003; 34(6):1359-63

18. Kelly PJ et al. Low vitamin B6 but not homocyst(e)ine is associated with increased risk of stroke and transient ischemic attack in the era of
folic acid grain fortification. Stroke. 2003; 34(6):e51-4.

19. Sacher Y et al. Blood homocysteine levels in stroke patients undergoing rehabilitation. Med Sci Monit. 2003; 9(6):CR201-7.

20. Pniewski J et al. Plasma homocysteine level and the course of ischemic stroke. Acta Neurobiol Exp (Wars). 2003; 63(2):127-30.

21. Boysen G, Brander T, Christensen H, Gideon R, Truelsen T. Homocysteine and risk of recurrent stroke. Stroke. 2003; 34(5):1258-61. Epub
2003 Apr 17.

22. Virdis A et al. Hyperhomocyst(e)inemia: Is this a novel risk factor in hypertension? J Nephrol 2002; 15:414-21

23. Rodrigo R, Passalacqua W, Araya J, Orellana M, Rivera G. Implications of oxidative stress and homocysteine in the pathophysiology of
essential hypertension . JCardluvasc Pnarmaool 2003; 42(4) 453-61.

24, Arroliga AC et al. Association betwe iaand primary p Respir Med. 2003; 97(7):825-9.

25. Jain S, Ram H, Kumari S, Khullar M. Plasma homocysteine levels in Indian patients wnh essential hypertension and their siblings. Ren Fail.
2003; 25(2):195-201.

26. Kennedy BP, Farag NH, Ziegler MG, Mills PJ. Relationship of systolic blood pressure with plasma homocysteine: importance of smoking
status. ) Hypertens. 2003; 21(7):: 1307 12
27.NotoRetal. t in
Rev Med Pharmacol Sci. 2002; 6(4):81-7.
28. Craddick SR, Elmer PJ, Obarzanek E, Vollmer WM, Svetkey LP, Swain MC. The DASH Diet and Blood Pressure. Curr Atheroscler Rep. 2003;
5(6):484-91.

29. Westphal S, Rading A, Luley C, Dierkes J. treatment and Metabolism. 2003; 52(3):261-3.
30. Seshadri S et al. Plasma homocysteine as a risk factor for dementia and Alzheimer’s disease. N Engl J Med. 2002; 346(7):476-83

31. Bostom AG, Silbershatz H et al. Nonfasting plasma total homocysteine levels and all-cause and cardiovascular disease mortality in elderly
Framingham men and women. Arch Intern Med. 1999; 159(10):1077-80.

32. Bostom AG, Rosenberg IH et al. Nonfasting plasma total homocysteine levels and stroke incidence in elderly persons: the Framingham
Study. Ann Intern Med. 1999; 131(5):352-5.

33. McCaddon A, Davies G, Hudson P, Tandy S, Cattell H. Total serum homocysteine in senile dementia of Alzheimer type. Int J Geriatr
Psychiatry. 1998; 13(4):235-9.

34. McCaddon A, Hudson P, Davies G, Hughes A, Williams JH, Wilkinson C. Homocysteine and cognitive decline in healthy elderly. Dement
Geriatr Cogn Disord. 2001; 12(5):309-13.

35. Clarke R, Smith AD, Jobst KA, Refsum H, Sutton L, Ueland PM. Folate, vitamin B12, and serum total homocysteine levels in confirmed
Alzheimer disease. Arch Neurol. 1998; 55(11):1449-55.

36. Mizrahi EH et al. Plasma total homocysteine levels, dietary vitamin B6 and folate intake in AD and healthy aging. J Nutr Health Aging. 2003;
7(3):160-5.

37. Borroni B et al. Homocysteine, vitamin B6, and vascular disease in patients with AD. Neurology. 2002; 59(9):1475

38. Ravaglia G et al. Homocysteine and cognitive function in healthy elderly community dwellers in Italy. Am J Clin Nutr. 2003; 77(3):668-73.
39. Miller JW et al. Homocysteine and cognitive function in the Sacramento Area Latino Study on Aging. Am J Clin Nutr. 2003; 78(3):441-7.
40. Morris MS. Homocysteine and Alzheimer’s disease. Lancet Neurol. 2003; 2(7):425-8.

41. Lopez O et al. Risk Factors for Mild Cognitive Impairment in the Cardiovascular Health Study Cognition Study. Arch Neurol. 2003; 60:1394-
1399.

disease in the Multiple Risk Factor

an added risk factor and a dangerous association for organ damage. Eur

42. Lehmann M, Gottfries CG, Regland B. ification of cognitive inthe elderly: is an early marker. Dement Geriatr
Cogn Disord. 1999; 10(1):12-20.
43. Selley ML. Increased ions of ine and and decreased of nitric oxide in the

plasma of patients with Alzheimer's disease . Neurobiol Aging. 2003; 24(7):903-7.

44, Rinaldi P et al. Plasma antioxidants are similarly depleted in mild cognitive impairment and in Alzheimer's disease. Neurobiol Aging. 2003;

24(7):915-9.

45. Pak KJ, Chan SL, Mattson MP. Homocysteine and folate deficiency sensitize

presenilin-1 mutation and amyloid beta-peptide. Neuromolecular Med. 2003; 3(2):119-28.

46. Lim A, et al In Vitro and In Vivo interactions of homocysteine with human plasma transthretin. J Biol Chem. 2003 Sep 24

47. Lehmann M, Regland B, Blennow K, Gottfries CG. Vitamin B12-B6-folate treatment improves blood-brain barrier function in patients with
i ia and mild cognitive impai Dement Geriatr Cogn Disord. 2003; 16(3):145-50.

48. Hoogeveen EK et al. | ia increases risk of death, especially in type 2 diabetes : 5-year follow-up of the Hoorn Study.

Circulation. 2000; 101(13):1506-11.

49. Hoogeveen EK et al. Hyperhomocysteinemia is associated with the presence of retinopathy in type 2 diabetes mellitus: the Hoorn study.

Arch Intern Med. 2000; 160(19):2984-90.

50. Seghieri G et al. Serum homocysteine levels are increased in women with gestational diabetes mellitus. Metabolism. 2003; 52(6):720-3.

51. Passaro A et al. Effect of metabolic control on homocysteine levels in type 2 diabetic patients: a 3-year follow-up. J Intern Med. 2003;

254(3):264-71.

52. Wulffele MG et al. Effects of short-term treatment with metformin on serum concentrations of homocysteine, folate and vitamin B12 in type

2 diabetes mellitus: a randomized, placebo-controlled trial. J Intern Med. 2003; 254(5):455-463.

53. Wu LL, Wu JT. Hyperhomocysteinemia is a risk factor for cancer and a new potential tumor marker. Clin Chim Acta. 2002; 322(1-2):21-8.

54. Zhu BT. Medical hypothesis: Hyperhomocysteinemia is a risk factor for estrogen-induced hormonal cancer . Int J Oncol. 2003; 22(3):499-

508.

55. Oikawa S, Murakami K, Kawanishi S. Oxidative damage to cellular and isolated DNA by homocysteine: implications for carcinogenesis .

Oncogene. 2003; 22(23):3530-8.

56. Friedman AN, Bostom AG, Selhub J, Levey AS, Rosenberg IH. The kidney and homocysteine metabolism. J Am Soc Nephrol. 2001;

12(10):2181-9.

57. Friedman AN, Rosenberg IH, Selhub J, Levey AS, Bostom AG. Hyperhomocysteinemia in renal transplant recipients. Am J Transplant. 2002;

2(4):308-13.

58. den Heijer M, Keijzer MB. Hyperhomocysteinemia as a risk factor for venous thrombosis. Clin Chem Lab Med. 2001; 39(8):710-3.

59. den Heijer M et al. Hyperhomocysteinemia as a risk factor for deep-vein thrombosis. N Engl J Med. 1996; 334(12):759-62.

60. Hague WM. Homocysteine and pregnancy Best Pract Res Clin Obstet Gynaecol. 2003; 17(3):459-69.

61. Nelen WL. + uman ion. Clin Chem Lab Med. 2001; 39(8):758-63.

62. van den Bosch MA et al. Hypsrhomocystsmsmla and risk for peripheral arterial occlusive disease in young women. J Vasc Surg. 2003;

38(4):772-8.

63. Malinow MR et al. Prevalence of hyperhomocyst(e)inemia in patients with peripheral arterial occlusive disease. Circulation. 1989;

79(6):1180-8.

64. Miller JW. Homocysteine, folate deficiency, and Parkinson’s disease. Nutr Rev. 2002; 60(12):410-3. Review.

65. Loverro G, Lorusso F, Mei L, Depalo R, Cormio G, Selvaggi L. The plasma homocysteine levels are increased in polycystic ovary syndrome.

Gynecol Obstet Invest. 2002; 53(3):157-62.

66. Vrbikova J, Bicikova M, Tallova J, Hill M, Starka L. Homocysteine and steroids levels in metformin treated women with polycystic ovary

syndrome. Exp Clin Endocrinol Diabetes. 2002; 110(2):74-6.

67. Lentz SR, Sobey CG et al. Vascular dysfunction in monkeys with diet- |nduced hyperhcmacysl(e)lnemla J Clin Invest. 1996; 98(1):24-9.

68. Wolters M, Hermann S, Hahn A. B vitamin status and acid in elderly German women.

Am J Clin Nutr. 2003; 78(4):765-72.

69. Ward M. Homocysteine, folate, and cardiovascular disease. Int J Vitam Nutr Res. 2001; 71(3):173-8.

70. Mizrahi EH, Jacobsen DW et al. Plasma total homocysteine levels, dietary vitamin B6 and folate intake in AD and healthy aging. ] Nutr Health

Aging. 2003; 7(3):160-5.

71. Silaste ML, Rantala M, Alfthan G, Aro A, Kesaniemi YA. Plasma homocysteine concentration is decreased by dietary intervention. Br J Nutr.

2003; 89(3):295-301.

72. Herrmann W, Schorr H, Obeid R, Geisel J. Vitamin B-12 status, parti Il'and acid

and hyperhomocysteinemia in vegetarians. Am J Clin Nutr. 2003; 78(1):131-6.

73. Bissoli L et al. Effect of vegetarian diet on homocysteine levels. Ann Nutr Metab. 2002; 46(2):73-9.

74. Verhoef P, Pasman WA, Van Vliet T, Urgert R, Katan MB. C: of caffeine to the

to the cell death-pi ting effects of a

g effect of coffee: a

Wetal. nitric oxide synthase gene and vascular function.
Atherosclerosis. 2003; 169(1):131- 8
92. Stuhlinger MC et al. ion induced by i role of Circulation. 2003;
108(8):933-8.
93. Wanby P, Brattstrom L, Brudin L, Hultberg B, Teerlink T. i and total in plasma after oral

methionine loading. Scand J Clin Lab Invest. 2003; 63(5):347-53.
94. Jonasson TF, Hedner T, Hultberg B, Ohlin H. Hyperhomocysteinaemia is not associated with increased levels of asymmetric
dimethylarginine in patients with ischaemic heart disease. Eur J Clin Invest. 2003; 33(7):543-9.
95. 0K, Lynn EG, Chung YH, Siow YL, Man RY, Choy PC. Homocysteine stimulates the production and secretion of cholesterol in hepatic cells.
Biochim Biophys Acta. 1998; 1393(2-3):317-24.
96. Li H, Lewis A, Brodsky S, Rleger R, Iden C, igorsky MS. + induces 3-hyd
vascular ial cells: a for of Circulation. 2002;
105(9):1037-43.
97. Kanani PM, Sinkey CA, Browning RL, Allaman M, Knapp HR, Haynes WG. Role of oxidant stress in endothelial dysfunction produced by
experimental hyperhomocyst(e)inemia in humans. Circulation. 1999; 100(11):1161-8.
98. Chambers JC, McGregor A, Jean-Marie J, Obeid OA, Kooner JS. Demonstration of rapid onset vascular endothelial dysfunction after
hyperhomocysteinemia: an effect reversible with vitamin C therapy. Circulation. 1999; 99(9):1156-60.
99. Frei B. On the role of vitamin C and other in and vascular
204,
100. Visioli F, Smith A, Zhang W, Keaney JF Jr, Hagen T, Frei B. Lipoic acid and vitamin C potentiate nitric oxide synthesis in human aortic
endothelial cells independently of cellular glutathione status. Redox Rep. 2002; 7(4):223-7.
101. Taha S, Azzi A, Ozer NK. Homocysteine induces DNA synthesis and proliferation of vascular smooth muscle cells by a hydrogen peroxide-
independent mechanism. Antioxid Redox Signal. 1999 Fall;1(3):365-9.
102. Woo DK, Dudrick SJ, Sumpio BE. Homocysteine stimulates MAP kinase in bovine aortic smooth muscle cells. Surgery. 2000; 128(1):59-66.
103. Chen C, Halkos ME, Surowiec SM, Conklin BS, Lin PH, Lumsden AB. Effects of homocysteine on smooth muscle cell proliferation in both
cell culture and artery perfusion culture models. J Surg Res. 2000; 88(1):26-33.
104. Buemi M et al. Effects of homocysteine on proliferation, necrosis, and apoptosis of vascular smooth muscle cells in culture and influence
of folic acid. Thromb Res. 2001; 104(3):207-13.
105. Carmody BJ, Arora S, Avena R, Cosby K, Sidawy AN. Folic acid inhibits homocysteine-induced proliferation of human arterial smooth
muscle cells. J Vasc Surg. 1999; 30(6):1121-8.
106. Jacques PF, Selhub J, Bostom AG, Wilson PW, Rosenberg IH. The effect of folic acid fortification on plasma folate and total homocysteine
concentrations. N Engl ) Med. 1999; 340(19):1449-54.
107. Choumenkovitch SF et al. Folic acid intake from fortification in United States exceeds predictions. J Nutr. 2002; 132(9):2792-8,
108. Vasan RS et al. Plasma homocysteine and risk for congestive heart failure in adults without prior myocardial infarction. JAMA. 2003;
289(10):1251-7.
109. Malinow MR et al. Reduction of plasma homocyst(e)ine levels by breakfast cereal fortified with folic acid in patients with coronary heart
disease. N Engl J Med. 1998; 338(15):1009-15.
110. Wald DS, Bishop L et al. Randomized trial of folic acid supplementation and serum homocysteine levels. Arch Intern Med. 2001; 161(5):695-700.
111. Klerk M, Verhoef P et al. 677C—>T polymorphism and risk of coronary heart disease: a meta-analysis. JAMA. 2002; 288(16):2023-31.
u2, ine Lowering Trialists’ Ct ion, Clinical Trial Service Unit, Radcliffe Infirmary, Oxford, UK. Lowering blood homocysteine
with folic acid-based 1 ly: trials . Indian Heart J. 2000; 52(7 Suppl):S59-64
113. Rydlewicz A, Simpson JA, Taylor R, Bond CM, Golden MH. The effect of folic acid supplementation on plasma homocysteine in an elderly
population. QIM. 2002; 95(1):27-35.
114. Adank C, Green TJ, Skeaff CM, Briars B. Weekly high-dose folic Acid supplementation is effective in lowering serum homocysteine
concentrations in women. Ann Nutr Metab. 2003; 47(2):55-9.
115, stanford JL et al. Oral folate reduces plasma ine levels in
2000; 8(7):567-71L
116. Manns B et al. Oral vitamin B(12) and high-dose folic acid in hemodialysis patients with hyper-homocyst(e)inemia. Kidney Int. 2001;
59(3):1103-9.
117. Beaulieu Al et al. Enhanced reduction of fasting total levels with suprapt
acid supplementation in renal transplant recipients. Arterioscler Thromb Vasc Bml 1999; 19(12):2918-: 21
118. Fohr IP et al. 5,10-Methylenetetrahydrofolate reductase genotype the plasma I ing effect of
with 5-methyltetrahydrofolate or folic acid in healthy young women. Am J Clin Nutr. 2002; 75(2):275-82.
119. Venn Bl el al. Compansan of the effect of low-dose with L-5

placeb trolled study Am. J. Clinical Nutrition, 2003; 77(3): 658 - 662.
120 Venn B el al. Increases in Blood Folate Indices Are Similar in Women of Childbearing Age Supplemented with [6S]-5-
Methyltetrahydrofolate and Folic Acid J. Nutr. 2002; 132(11): 3353 - 3355.
121. Bostom AG et al. Controlled comparison of L-5-methyltetrahydrofolate versus folic acid for the treatment of hyperhomocysteinemia in
hemodialysis patients. Circulation. 2000; 101(24):2829-32.
122. McKinley MC et al. Low-dose vitamin B-6 effectively lowers fasting plasma homocysteine in healthy elderly persons who are folate and
riboflavin replete. Am J Clin Nutr. 2001; 73(4):759-64.
123. Mansoor MA et al. Plasma total homocysteine response to oral doses of folic acid and pyridoxine hydrochloride (vitamin B6) in healthy
individuals. Oral doses of vitamin B6 reduce concentrations of serum folate. Scand J Clin Lab Invest. 1999; 59(2):139-46.
124. Madigan SM et al. Riboflavin and vitamin B-6 intakes and status and biochemical response to riboflavin supplementation in free-living
elderly people . Am J Clin Nutr. 1998; 68(2):389-95.
125. Hyndman ME et al. Vitamin B12 decreases, but does not normalize, homocysteine and methylmalonic acid in end-stage renal disease: a
link with glycine metabolism and possible explanation of hyperhomocysteinemia in end-stage renal disease. Metabolism. 2003; 52(2):168-72.
126. van Guldener C, Stehouwer CD. Homocysteine-lowering treatment: an overview. Expert Opin Pharmacother. 2001; 2(9):1449-60.
127. Chambers JC, Ueland PM, Obeid OA, Wrigley J, Refsum H, Kooner JS. Improved vascular endothelial function after oral B vitamins: An
effect mediated through reduced of free plasma ine. Circulation. 2000; 102(20):2479-83.
128. Chambers JC, Ueland PM, Wright M, Dore CJ, Refsum H, Kooner JS. Investigation of relationship between reduced, oxidized, and protein-
bound homocysteine and vascular endothelial function in healthy human subjects. Circ Res. 2001; 89(2):187-92.
129. Marcucci R, Zanazzi M, Bertoni E, Rosati A, Fedi S, Lenti M, Prisco D, Castellani S, Abbate R, Salvadori M. Vitamin supplementation reduces
the of in I-transplant recipients. 2003; 75(9):1551-5.
130. Vermeulen EG et al. Effect of homocysteine-lowering treatment with folic acid plus vitamin B6 on progression of subclinical
atherosclerosis: a randomised, placebo-controlled trial. Lancet. 2000; 355(9203):517-22
131. Stanger O, Semmelrock HJ, Wonisch W, Bos U, Pabst E, Wascher TC. Effects of folate treatment and homocysteine lowering on resistance
vessel reactivity in atherosclerotic subjects. J Pharmacol Exp Ther. 2002; 303(1):158-62.
132. Schnyder G, Roffi M, Flammer Y, Pin R, Hess OM. Effect of homocysteine-lowering therapy with folic acid, vitamin B12, and vitamin B6
on clinical outcome after percutaneous coronary intervention: the Swiss Heart study: a randomized controlled trial. JAMA. 2002; 288(8):973-9.
133. Schnyder G, Roffi M et al. Decreased rate of coronary restenosis after lowering of plasma homocysteine levels. N Engl J Med. 2001;
345(22):1593-600.
134. Schnyder G, Flammer Y, Roffi M, Pin R, Hess OM. Plasma homocysteine levels and late outcome after coronary angioplasty. J Am Coll
Cardiol. 2002; 40(10):1769-76.
135. Steenge GR, Verhoef P, Katan MB. Betaine supplementation lowers plasma homocysteine in healthy men and women . J Nutr. 2003;
133(5):1291-5
136. Schwab U, Torronen A, Toppinen L, Alfthan G, Saarinen M, Aro A, Uusitupa M. Betaine supplementation decreases plasma homocysteine
concentrations but does not affect body weight, body composition, or resting energy expenditure in human subjects. Am J Clin Nutr. 2002;
76(5):961-7.
137. Matthews A et al. An indirect response model of homocysteine suppression by betaine: optimising the dosage regimen of betaine in
homocystinuria. Br J Clin Pharmacol. 2002; 54(2):140-6.
138. Betaine - Monograph. Altern Med Rev. 2003; 8(2):193-196.
139. Ventura P, Panini R, Pasini MC, Scarpetta G, Salvioli G. N -Acetyl-cysteine reduces homocysteine plasma levels after single intravenous
administration by increasing thiols urinary excretion. Pharmacol Res. 1999; 40(4):345-50.
140. Wiklund O, Fager G, Andersson A, Lundstam U, Masson P, Hultberg B. N-acetylcysteine treatment lowers plasma homocysteine but not
serum lipoprotein(a) levels. Atherosclerosis. 1996; 119(1):99-106.
141. Hultberg B, Andersson A, Masson P, Larson M, Tunek A. Plasma ine and thiol
N-acetylcysteine. Scand J Clin Lab Invest. 1994; 54(6):417-22.
142. Ventura P, Panini R, Abbati G, Marchetti G, Salvioli G. Urinary and plasma homocysteine and cysteine levels during prolonged oral N-

coenzyme a reductase in

Proc Soc Exp Biol Med. 1999; 222(3):196-

is patients with disease. Cardiovasc Surg.

versus standard multivitamin dose folic

or folic acid on plasma

fractions after oral inistration of

controlled trial in humans. Am J Clin Nutr. 2002; 76(6):1244-8.

75. Christensen B, Mosdol A, Retterstol L, Landaas S, Thelle DS. Abstention from filtered coffee reduces the concentrations of plasma
ine and serum ized controlled trial. Am J Clin Nutr. 2001; 74(3):302-7.

76. Strandhagen E, Landaas S, Thelle DS. Folic acid supplement decreases the homocysteine increasing effect of filtered coffee. A randomised

placebo-controlled study. Eur J Clin Nutr. 2003; 57(11):1411-7.

77. Bleich S et al. Moderate alcohol consumption in social drinkers raises plasma homocysteine levels: a contradiction to the ‘French Paradox?

Alcohol Alcohol. 2001; 36(3):189-92.

78. Schalinske KL. Interrelationship between diabetes and homocysteine metabolism: hormonal regulation of cystathionine beta-synthase. Nutr

Rev. 2003; 61(4):136-8.

79. Mennen LI et al. Relation between and the of different types of alcoholic beverages: the French

Supplementation with Antioxidant Vitamins and Minerals Study. Am J Clin Nutr. 2003; 78(2):334-8.

80. Bazzano LA, He J, Muntner P, Vupputuri S, Whelton PK. Relationship between cigarette smoking and novel risk factors for cardiovascular

disease in the United States. Ann Intern Med. 2003; 138(11):891-7.

therapy, 2003; 68(2):105-14.
143. Bostom AG, Shemin D, Voburn D Flsher DH Nadeau MR, Selhub J. Lack of effect of oral N on the acute dial lated
lowering of total plasma patients. 1996; 120(1-2):241-4.

144. Miner SE, Cole DE, Evrovski J, Fcrrest Q, Hutchison SJ, Holmes K, Ross H). N-acetylcysteine neither lowers plasma homocysteine
concentrations nor improves brachial artery endothelial function in cardiac transplant recipients. Can J Cardiol. 2002; 18(5):503-7.

145, Friedman AN, Bostom AG, Laliberty P, Selhub J, Shemin D. The effect of N-acetylcysteine on plasma total homocysteine levels in
hemodialysis: a randomized, controlled study. Am J Kidney Dis. 2003; 41(2):442-6.



