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The role of homocysteine in the clinical
assessment of cardiovascular risk

JENNIFER BEXLEY

Abstract

linical and epidemiological studies suggest
Celevated levels of total plasma homocysteine

(> 15 pmol/L) are associated with an increased risk
of cardiovascular disease, independent of other known
risk factors. This review outlines the causes of
hyperhomocysteinaemia, current evidence of a positive
association with cardiovascular disease, and how such
findings may have important implications for future
assessments of risk and nutritional recommendations,
particularly for those with a previous or family history
of cardiovascular disease.
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Introduction

Disorders of the heart and circulation continue to be signifi€snt
global health and economic issues, especially in industrialised
societies. In Britain, it is estimated there were over 235,000 car-
diovascular-related deaths in 2000 alone. This represeQts a size-
able proportion of health service resources with_anrestimdted
annual cost of over £1,600 million. It is pectinent to note tfiat
only 1% of this cost was spent on prevention.“Such if thé seale
of the problem, the UK Government{sét a ‘target.fer 2610 te
reduce cardiovascular mortality in jndivicuals untcer 75 years of
age by at least two fifths.

Since a number of cardiovassular deaths\may-be preventabie,
identification of at-risk individuals and (primary prexantion is of
paramount importance. In the search, for"novel ‘cardjovascular
risk factors, a strong positive association betwear-elasma homo-
cysteine and cardiovascular disease has erperged. increasing epi-
demiological evidence now suggests that high,homocysteine lev-
els may be a significant independent ca¥dicvascular risk factor.

The underlying atherogenic mechanisms of homocysteine
remain unclear, although several biologically plausible mecha-
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nisms have been presented. These have implicated high levels of
homocysteine with oxidation of low density lipoprotein (LDL)
cholesterol via the generation of reactive oxygen species,?
endothelial dysfunction,®* proliferation of vascular smooth mus-
cle cells,® and activation of platelet and coagulation factor.*

Overview of homocysteine metabolism

Homocysteine is a sulphur-containing amino acid biosynthesised
during metabolism of the essential amino acid methionine.
Circulating levels of homocysteine are normally low due to its
rapid metabolism via one of two pathways: a cobalamin (vitamin
B12) and folate denendent re-methylation pathway that regener-
ates methianine, er a pyridoxal 5 phosphate (PLP; vitamin Bg)
dependerittians-sulpheration pathway that converts homocys-
teine inte/cysteineAfigure 1).

ramocysteine and cardicvascular disease

The relationshipp betwezn-high homocysteine levels and cardio-
wascular'disease waswfirst\vecognised over 30 years ago when it
was obisepved thatiQdividuals with the rare condition homocys-
tdintria were predigposed to the development of premature ath-
erasclerosis'desnite the absence of established cardiovascular risk
actors. Femotysteinuria is a hereditary inborn error of methion-
ine metabolism characterised by abnormally high levels of homo-
gysteine In the blood and urine. It can arise from a deficiency in
Qne pf three fundamental enzymes in homocysteine metabolism:
Qystathionine B-synthase, methionine synthase, or methylene-
tetrahydrofolate reductase (MTHFR).

Studies of twins,”® family members,*'" and reports of an asso-
ciation between hyperhomocysteinaemia and early familial coro-
nary artery disease' suggest genetic factors play a key role in
determining homocysteine levels, and may partly explain the
familial tendency of cardiovascular disease. Numerous epidemio-
logical studies have found higher levels of blood homocysteine in
patients with heart disease, stroke, peripheral vascular disease
and thromboembolic disease compared with age-matched con-
trols.”** Evidence of a positive association has been supported by
a meta-analysis of retrospective data, which estimated that 10%
of all cases of cardiovascular disease could be attributed to ele-
vated concentrations of plasma homocysteine.”® Furthermore, a
rise in serum homocysteine of 5 umol/L was sufficient to increase
cardiovascular risk by 20-30%."” Homocysteine may be associat-
ed with other known risk factors and appears to confer a sub-
stantially increased risk in smokers, patients with hypertension,
and those with elevated cholesterol.™

A number of prospective studies have observed a strong rela-
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Figure 1. Metabolism of homocysteine
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tion between increasing levels of homocysteine and the onset of
an initial cardiovascular event.”? More recently, meta-analyses
were performed on 72 genetic studies (16,849 cases with muta-
tions in the MTHFR gene plus controls) and 20 prospective stud-
ies of serum homocysteine and disease risk (3,820 parficipants).
Despite being subject to different sources of errdx otth the
genetic and the prospective studies showed a sigfificant positive
association between homocysteine and cardiovasediar disease,
providing compelling evidence of a causal felationship #

Homocysteine may also be associated With secondary cardio-
vascular events; a prospective study=anover 504 patients with
notable stenosis on coronary angiogiaphy gbseivgd a dose-
response relation between beseline homgeystaine levels apd
mortality from coronary artery diseasg’® Similar oiservations
were shown among patients with penipherai arterfal diseédse.”

Whilst retrospective studies provide~avidencé) ofan associa-
tion, they do not prove a causal relation. Progbéctive studies have
shown that elevations in homocysteine piagede the onset of pri-
mary cardiovascular events, suggesting\the_rgle of homocysteine
may be more complicated than simply Being a marker of sub-
clinical disease.

Homocysteine and diet

Polygenic factors clearly play an important role in homocysteine
metabolism; levels of total plasma homocysteine may, however,
also be profoundly influenced by diet. The importance of certain
B vitamins as co-enzymes and substrates in homocysteine
metabolism has been demonstrated by reports of an inverse rela-
tionship between homocysteine and blood levels of folate,
cobalamin and pyridoxine.??” A high level of plasma homocys-
teine is, in itself, considered to be indicative of folate/cobalamin
and pyridoxine deficiencies.?
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Meta-anajiysis, of 12+gridorhised control trials estimated that
a "25%- ratustion inNeievated blood homocysteine could be
achieved Wwith mean/sugplementation of 0.5-5.7 mg folic acid
perday™the qurrene UK adult RNI for folate is 200 pg/day).
Moregver, t#18 addition of 0.02-1 mg/day of cobalamin resulted
in a furthey %% reduction.® This has been corroborated by a
fecent study which proposed that a combination of folic acid and
cobiEiamtin would be more effective at lowering homocysteine
levels than folic acid alone.®

importantly, vitamin supplementation appears to confer a
protective effect in patients with premature peripheral occlusive
disease. In particular, administration of folate, cobalamin and
pyridoxine to 38 individuals with homocysteine levels > 14
pumol/L was found to cease any further advancement of carotid
artery plague area.>’ Moreover, supplementation with folic acid
and pyridoxine to patients with peripheral arterial occlusive dis-
ease not only resulted in normalisation of homocysteine metab-
olism, but also diminished biochemical abnormalities associated
with vascular dysfunction.? This finding implies that a reduction
of homocysteine to normal levels could restore normal blood ves-
sel function.

Supplementation may be of significant benefit to elderly
patients, who tend to have higher levels of homocysteine than
the general population and a greater propensity towards cardio-
vascular disease. Researchers in Scotland have just concluded a
three-year study into the effects of folic acid supplementation on
homocysteine levels in over 350 elderly patients aged 65-75
years. Only those receiving 400-600 pg/day had significantly
lower homocysteine levels compared to placebo. They estimated
that intakes of folic acid in elderly populations would need to be
increased to 926 pg/day to avoid folate deficiency and associat-
ed cardiovascular risk.* High intakes of folic acid should ideally
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Table 1.

Overview of homocysteine-lowering clinical trials currently underway

Trial Location Patient population n Vitamin dose
Bergen Vitamin Study Norway Coronary heart disease 2,000 Folic acid, 5 mg vs. placebo
CHAOS-2 UK Myocardial infarction or 4,000 Folic acid, 5 mg vs. placebo
Cambridge Heart Antioxidant Study unstable angina
NORVIT Norway Myocardial infarction 3,000 Folic acid, 5 mg vs. placebo
Norwegian Study of Homocysteine
Lowering with B vitamins in
Myocardial Infarction
PACIFIC Australia, High risk or previous 10,000 Folic acid, 0.2 mg or 2 mg vs. placebo
Prevention with A Combined New Zealand vascular disease
Inhibitor and Folate in Coronary
Heart Disease
SEARCH UK Myocardial infarction 12,000 Folic acid, 2 mg + By, 1 mg vs. placebo
Study of the Effectiveness of
Additional Reductions in Cholesterol
and Homocysteine
VISP
Vitamin Intervention for Stroke Prevention USA Stroke 3,600 Folic=acid, 2.5 mg + By, 0.4 mg +
Ben25 rhg vs. folic acid, 0.02 mg +
B, 006 mg + Bg, 0.2 mg
VITATOPS Australia Stroke 5,000 Folic acid, 2 mg + By, 0.5 mg + Bg,
Vitamins to Prevent Stroke 25 mg vs. placebo
WACS USA Vasiulak disease 8,00Q Folic acid, 2.5 mg + By, 1 mg + Bg,

Women’s Antioxidant and Cardiovascular
Disease Study

ar_multiple cardiovascuiar
risk factors jrryomeni

50 mg vs. placebo

be accompanied by supplementation with cobalamiry, as fojate
can mask early signs of cobalamin deficienc/ans, as such, sti-
acute nerve degeneration may progress unietacted.

In all, concordance of data suggeSty the atherGgenieity of
homocysteine may be acquiescent G prevention &nd gven reniis-
sion with correct vitamin supplementation. Sevérar-large-scale'g/in-
ical trials are now underway (see\table 1) to assess whethar homio-
cysteine-lowering therapy will reduce (cardigvascularsmarbidity
and mortality and if the associations ‘ares=il fact, {causal. Whilst
these trials await completion, measuremeént of alzsmia homocys-
teine concentrations may identify patients with Araditional risk fac-
tors who could benefit from more intensivednanagement.

Laboratory measurements of homocysteine

New and sensitive tests for measuring levels of homocysteine in
the blood are becoming increasingly widespread and, in the US
especially, there is growing recognition of their clinical benefit.
The majority of homocysteine (70%) is bound to albumin, with
the remaining 30% comprising either free homocysteine or
disulphide complexes with other thiols. These forms of homo-
cysteine are collectively referred to as ‘total homocysteine’ or,
simply, "homocysteine’.

For accurate assessment, it is essential that red blood cells be
separated from plasma at point of collection, as homocysteine
levels have been found to increase rapidly in unseparated whole
blood samples at room temperature.®® Separation cards have
been purposely developed to incorporate both optimum separa-
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Tahle2.  Factors contributing to hyperhomocysteinaemia

O

Increasing age

Masculine gender

Genetic defects in homocysteine metabolism
Vitamin deficiencies

Smoking

Low physical activity levels

Hypothyroidism

Kidney disease

Drugs (methotrexate, theophylline, corticosteroids, cyclosporin,
phenytoin, fibrates)

tion and ease of use (only a few drops of finger-prick blood are
necessary). Following separation, homocysteine remains stable
for several days at ambient temperatures and several years at
-20°C, allowing separated samples to be forwarded to the labo-
ratory for analysis.

Normal levels of homocysteine are purported to lie between
8 and 15 pmol/L. Levels above this are classified into moderate,
intermediate and severe hyperhomocysteinaemia with concen-
trations between 16-30, 31-100 and > 100 pmol/L, respective-
ly2* A number of factors may influence homocysteine levels
(table 2) and should be given due consideration when interpret-
ing results.
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% Key messages

® (linical and epidemiological studies suggest a positive
association between hyperhomocysteinaemia and
cardiovascular disease

® Genetic defects in homocysteine metabolism, and
dietary deficiencies of folate and B vitamins can result in
increased levels of plasma homocysteine

® Reductions in plasma homocysteine can be achieved by
dietary supplementation with appropriate levels of folate
and B vitamins

® Measurements of plasma homocysteine may be
beneficial to patients with, and at risk of, cardiovascular
disease

Conclusion

Consistent reports of an association between increased homo-
cysteine and cardiovascular morbidity and mortality underscore
the need to determine homocysteine status in patients with, c&
at risk of, cardiovascular disease. Dietary modification strategies
to reduce homocysteine levels in at-risk individuals have the
potential to be of significant benefit to patients and h=alth ser-
vices alike. If homocysteine-reducing therapy is corSidered, a
‘screen and treat’ approach may prove more cost-efigctive thari

W

idespread supplementation programmes.
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