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ncreased plasma homocysteine lev-
els contribute to the development of

atherosclerotic vascular disease by pro-
moting arterial endothelial dysfunction.1

High homocysteine levels are indepen-
dently related to isolated systolic hyper-
tension in older persons.2 Other mech-
anisms of homocysteine contributing to
vascular disease include enhancement
of thromboxane A2 formation and
platelet aggregation, proliferation of
smooth muscle cells, increased activa-
tion of factors V and X, increased fib-
rinogen levels, reduced serum an-
tithrombin activity, and increased
binding of lipoprotein (a) to fibrin. By
increasing oxidative stress, impairing vas-
cular endothelial function, inducing a

prothrombotic state, impairing vascu-
lar smooth muscle cell function, and
changing extracellular matrix structure
and function, homocysteine may cause
atherosclerotic vascular disease.

This article will discuss the associ-
ation of plasma homocysteine with
atherosclerotic vascular disease in older
persons. It also provides a look at po-
tential treatments for elevated plasma
homocysteine levels.

Coronary artery disease
A meta-analysis of 27 studies showed
that, in general, the odds ratio for coro-
nary artery disease (CAD) of a 5-
mmol/L increase of homocysteine level
was 1.6 for men and 1.8 for women.3

The odds ratio for cerebrovascular dis-
ease for a 5 mmol/L increase of homo-
cysteine level was 1.5. When looking
specifically at the older population, the
evidence has shown that plasma ho-
mocysteine levels increase with age. In
an older population of 347 women and
153 men, mean age 81 years, plasma ho-
mocysteine was a significant indepen-
dent risk factor for the prevalence of

CAD, with an odds ratio of 1.21 for each
1µmol/L increase in plasma homocys-
teine.4 Elevated plasma homocysteine
levels (>17.0 µmol/L) were present in
43% of older men with CAD versus
18% of older men without CAD and in
37% of older women with CAD versus
12% of older women without CAD.4 At
31-month follow-up of this older pop-
ulation, elevated plasma homocysteine
was a significant independent predictor
of new coronary events (ie, MI or sud-
den cardiac death) in older persons with
prior CAD (risk ratio = 1.07 for each 1
µmol/L increase) and in older persons
without prior CAD (risk ratio =1.11 for
each 1 µmol/L increase).5

In postmenopausal women in the
Women’s Health Study, the adjusted rel-
ative risk for MI or stroke for women in
the top quartile of plasma homocysteine
level was 2.2 compared with women in
the lowest quartile.6 At 9- to 11-year fol-
low-up of 1,788 men and women, mean
age 65, living in Jerusalem, elevated
plasma homocysteine was a significant
risk factor in both sexes for all-cause
mortality, cardiovascular mortality, and
CAD mortality.7

At 4.6-year median follow-up of 587
men and women, mean age 62 (15% ≥
age 70), with angiographically docu-
mented CAD, plasma homocysteine
levels were a strong predictor of mor-
tality.8 The mortality ratios were 1.0 for
patients with homocysteine levels <9
µmol/L, 1.9 for homocysteine levels of
9.0 to 14.9 µmol/L, 2.8 for patients with
homocysteine levels of 15.0 to 19.9
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µmol/L, and 4.5 for patients with ho-
mocysteine levels ≥20.0 µmol/L.8

At 5.3-year mean follow-up of 17,321
men and women in Western Norway
age 40 to 42 or 65 to 67 at baseline, el-
evated plasma homocysteine level was
a significant predictor of hospitaliza-
tion for cardiovascular disease only in
the older group, and especially among
older individuals with pre-existing car-
diovascular disease.9 In 304 men and
women with CAD and 231 men and
women without CAD, mean age 62, in-
creased plasma homocysteine level was
a risk factor for CAD, regardless of age
and sex.10 In 631 men and women,
mean age 61, who had coronary an-
giography performed (78 patients had
no CAD), elevated plasma homocys-
teine level was not only significantly as-
sociated with the presence of CAD but
was also significantly associated with
the severity of CAD.11

In a study of 243 patients, mean age
59, with non-Q-wave MI or unstable
angina pectoris, high plasma homo-
cysteine levels were associated with an
increased intracoronary thrombus bur-
den and with increased myocardial in-
jury.12 In a study of 205 patients, mean
age 62, presenting with acute MI and
of 185 patients, mean age 59, present-
ing with unstable angina pectoris, ele-
vated plasma homocysteine levels were
associated with a higher risk of is-
chemic myocardial injury.13 In a study
of 440 patients with acute MI (n=236)
or unstable angina pectoris (n=204)
(94 patients >70 and 154 patients age
60 to 70), patients with homocysteine
levels in the upper two quintiles (>12.2
µmol/L) had a 2.6 increased risk of a
cardiac event at 2.5-year follow-up.14

A high plasma homocysteine level was
also an independent risk factor for ath-
erosclerotic complications in 176 dial-
ysis patients, mean age 56.15

Of 553 patients undergoing coronary
angiography, 272 patients, mean age 63,
were randomized to receive 1 mg/d folic
acid, 400 µg/d vitamin B12, and 10 mg/d
vitamin B6 for 6 months, and 281 pa-
tients, mean age 62, were randomized
to receive placebo. At 11-month follow-

up, the composite endpoint of death,
nonfatal MI, and need for repeat coro-
nary revascularization was significantly
reduced by 32% (primarily due to a re-
duced rate of target lesion revascular-
ization) in patients taking homocys-
teine-lowering therapy with folic acid,
vitamin B12, and vitamin B6.

16

Until the results of ongoing inter-
vention trials are completed, routine
screening for homocysteine levels is
not recommended.17 However, the
American Heart Association recom-
mends that a fasting plasma homo-
cysteine level be determined for cer-
tain individuals (table).
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All persons should have an adequate
intake of folate, vitamin B6, and vita-
min B12 by eating vegetables, fruits,
fish, and fortified grains and cereals.
High risk persons may warrant sup-
plemental vitamin therapy with folic
acid, vitamin B6 , and vitamin B12.

Stroke
Four prospective studies have demon-
strated that elevated plasma homocys-
teine is an independent risk factor for
stroke.18-21 The Framingham Study re-
ported that plasma homocysteine is a
significant independent risk factor for
stroke in 1,947 men and women, mean
age 70.18 Compared with persons in the
lowest quartile (4.13 to 9.25)of plasma
homocysteine level, the relative risk of
new stroke was 1.82 for the highest
quartile (14.24 to 219.84) of plasma
homocysteine, 1.44 for the second
highest quartile (11.44 to 14.23) of
plasma homocysteine, and 1.32 for the
third highest quartile (9.26 to 11.43)
of plasma homocysteine.18 At 31-
month follow-up of 500 men and
women, mean age 81, elevated plasma
homocysteine was a significant inde-
pendent risk factor of new stroke (risk
ratio = 1.08 for each 1 µmol/L increase
of plasma homocysteine).21 A study
among British men, mean age 54, and
a study among the Hopkins Lupus Co-
hort also support this finding.

However, two prospective studies
did not find an association between
plasma homocysteine and stroke.22,23

These two studies included a study of
Finnish men and women age 40 to
64,22 and a study of U.S. male physi-
cians responding to a survey.23 The two
negative studies were characterized by
modest stroke event rates (11.1 for
stroke patients vs 10.6 for controls23)
and overall exposure to lower total ho-
mocysteine levels (mean levels were
9.99 for male cases vs 9.82 for male
controls and 9.58 for female cases vs
0.24 for female controls22).

Extracranial carotid arterial
disease
Two studies document that elevated
plasma homocysteine is a risk factor
for extracranial carotid arterial disease
(ECAD) in older persons. In 1,041
older persons in the Framingham
Study, the odds ratios for ECAD were
2.0 in persons in the highest quartile
(≥ 14.4) of plasma homocysteine and
1.6 in persons in the second highest
quartile (11.4 to 14.3) of plasma ho-
mocysteine compared with persons in
the lowest quartile (≤ 9.1)of plasma
homocysteine.24

In 400 older men and women, mean
age 81, increased plasma homocysteine
was associated with an increased risk of
ECAD. Increased plasma homocysteine

levels were found in 45% of older men
with 40 to 100% ECAD versus 20% of
older men with 0 to 39% ECAD and in
40% of older women with 40 to 100%
ECAD versus 18% of older women with
0 to 39% ECAD.25

Peripheral arterial disease
Several studies have identified plasma
homocysteine as a significant inde-
pendent risk factor for peripheral ar-
terial disease (PAD). In 520 older per-
sons, mean age 81, the odds ratio for
the prevalence of PAD was 1.13 for
each 1 µmol/L increase in plasma ho-
mocysteine. Increased plasma homo-
cysteine levels were found in 49% of
older men with PAD versus 18% of
older men without PAD and in 46%
of older women with PAD versus 15%
of older women without PAD.26

Aortic atherosclerosis
Plasma homocysteine levels were sig-
nificantly and independently corre-
lated with the degree of atherosclero-
sis in the thoracic aorta measured with
transesophageal echocardiography in
156 patients, mean age 69.27 Plasma
homocysteine levels were also a marker
of severity of thoracic atherosclerosis
diagnosed by transesophageal echocar-
diography in 81 patients.28

Type 2 diabetes mellitus
In 2,484 men and women age 50 to 75,
the odds ratio for 5-year mortality was
1.56 for hyperhomocysteinemia (plasma
homocysteine >14 µmol/L), 2.51 for di-
abetic patients with hyperhomocys-
teinemia, and 1.34 for nondiabetic pa-
tients with hyperhomocysteinemia.29

Deep vein thrombosis
In 269 patients with deep vein throm-
bosis and in 269 age-matched and sex-
matched controls, high plasma homo-
cysteine levels were a risk factor for deep
vein thrombosis with an odds ratio of
2.5.30 The association between elevated
plasma homocysteine levels and deep
venous thrombosis was stronger among
women than among men and increased
with age.

Homocysteine
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Table A fasting plasma homocysteine level should be obtained for:*
Patients with coronary artery disease without conventional risk factors

Patients at high risk for plasma homocysteine levels, including those with:

● Impaired renal function ● Systemic lupus erythematosus
● Malnutrition ● Recurrent deep vein thrombosis
● Malabsorption ● Pernicious anemia
● Hypothyroidism

Patients taking select pharmaceuticals, such as:

● Nicotinic acid ● Theophylline
● Levodopa ● Methotrexate
● Tamoxifen ● Anticonvulsants
● Bile acid sequestrants ● Fibric acid derivatives
● Phenytoin

*An optimal level for plasma homocysteine is thought to be <10 µmol/L.

Source: Prepared for Geriatrics by Wilbert S. Aronow, MD, based on information in reference 15.
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Dementia and Alzheimer’s
disease
At 8-year follow-up of 667 women and
425 men, mean age 76, without de-
mentia at baseline in the Framingham
Study, dementia developed in 111 per-
sons, including a diagnosis of Alz-
heimer’s disease in 83 persons.31 In this
study, an increased plasma homocys-
teine level was a strong independent
risk factor for the development of de-
mentia and Alzheimer’s disease.

Therapy
Studies are underway to determine
whether multivitamin therapy to re-
duce plasma homocysteine levels—in
particular, a combination of folic acid,
vitamin B12, and vitamin B6 —will re-
duce the incidence of cardiovascular
disease. One potential hazard of folic
acid therapy is progressive neurologic
damage (ie, subacute combined de-
generation of the spinal cord) in pa-
tients with subclinical vitamin B12 de-
ficiency in whom treatment with folic
acid may mask the development of the
hematologic signs of vitamin B12 defi-
ciency. This can be avoided by supple-
menting folic acid therapy with at least
400 µg/d of vitamin B12. The minimum
effective daily dose of folic acid for max-
imally reducing plasma homocysteine
levels is 400 µg/d. Higher daily doses
are not more effective except in patients
with renal failure. Moderate hyperho-
mocysteinemia should also be treated
with vitamin B6 10 to 50 mg/d.32

Conclusion
Plasma homocysteine, which is de-
pendent on several physiologic deter-
minant (figure), is a risk factor for
CAD, stroke, ECAD, PAD, aortic ath-
erosclerosis, deep vein thrombosis, and
possibly for dementia and Alzheimer’s
disease in older persons. Randomized
trials are in progress investigating
whether multivitamin therapy to re-
duce plasma homocysteine levels will
reduce the risk for cardiovascular dis-
ease. If these studies demonstrate that
decreasing elevated homocysteine lev-
els by a combination of folic acid, vi-

tamin B12 , and vitamin B6 are effec-
tive in reducing the incidence of car-
diovascular disease, we will have a safe,
inexpensive, easily administered treat-
ment to decrease the incidence of car-
diovascular disease.
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Figure Physiologic determinants of total homocysteine levels
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