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BACKGROUND Homocystinuria is a rare autosomal recessive 
disease complicated by early and aggressive occlusive arterial dis-
ease. This may be related to the grossly increased homocysteine 
concentrations seen in this disease. More recently, milder hyperho-
mocysteinemia has been proposed as an independent risk factor for 
coronary artery disease. 

SUMMARY Many patients with homozygous homocystinuria 
develop severe premature atherosclerosis and thromboembolism, 
probably caused by abnormally high concentrations of homocyste-
ine. Homocysteine undergoes metabolism either by remethylation 
or transsulfuration, and deficiency or dysfunction of any of the sub-
stances that regulate these reactions may lead to hyperhomocyste-
inemia. Homocysteine may have adverse effects on platelets, 
clotting factors, and endothelial cells. Studies have demonstrated 
significantly higher plasma homocysteine levels in patients with 
occlusive arterial disease than in controls. The causes are not 
clearly understood but may include deficiency of vitamin B6, 
vitamin B12, and folic acid and heterozygosity for cystathionine 
synthase deficiency. Vitamin supplementation can lower plasma 
homocysteine levels. 

CONCLUSIONS Whether measuring plasma homocysteine lev-
els in patients with coronary artery disease should be routine and 
whether treating hyperhomocysteinemia in these patients may re-
duce the risk of coronary events remains to be determined. 
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OMOCYSTINURIA 
might have remained 
an obscure hereditary 
metabolic anomaly 

were it not that afflicted patients 
suffer early, severe arterial disease, 
possibly due to the extremely 
high plasma homocysteine con-
centrations seen in this disorder. 
Of greater interest, patients with 
coronary artery disease have 
higher plasma concentrations of 
homocysteine than do normal 
controls, even among people who 
do not have the genetic trait for 
homocystinuria. Further, rela-
tively benign interventions— 
supplements of vitamins B6 and 
B12 and folic acid—may decrease 
plasma homocysteine concentra-
tions. 

These intriguing observations 
have led researchers and clini-
cians to wonder whether measur-
ing homocysteine concentrations 
might identify people at risk for 
coronary artery disease, and 
whether lowering homocysteine 
concentrations might decrease 
the risk. Many questions remain 
to be answered, however, before 
such an approach can be advo-
cated. 
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W H A T IS H O M O C Y S T I N U R I A ? 

Homocystinuria, a rare inborn error of metabo-
lism, is an autosomal recessive disease; the usual 
underlying genetic abnormality is a deficiency of 
cystathionine synthase. The condition was first de-
scribed in Ireland in 1962 by Carson and Neill1 after 
a survey of mentally handicapped children. A fur-
ther description by Gerritsen2 followed almost im-
mediately. Two years later, Mudd and others demon-
strated the responsible enzyme defect in a liver 
biopsy specimen from a homocystinuric patient.3 

Superficially at least, the disorder is not unlike 
Marfan's syndrome: tall stature and abnormalities of 
the bones and eyes are common. Mental retardation 
is an important distinguishing sign in homocys-
tinuria, but for those interested in vascular disease, 
the more striking features are the episodes of arterial 
occlusion and venous thromboembolism that may 
appear at an early age, affect any or all parts of the 
arterial tree, and are the principal cause of death in 
these patients. These complications are common, 
and approximately 25% of people with homocys-
tinuria have a thromboembolic event by the age of 
20.4 This aspect of homocystinuria has recently re-
ceived closer scrutiny and has led to extensive work 
on the epidemiologic, clinical, and pathophysiologic 
links between homocysteine and vascular disease. 

In the original case reports it was natural to refer 
to the presence of homocystine in the urine as "ho-
mocystinuria." But as further clinical observations 
were made and the gamut of signs was recognized, it 
quickly became apparent that this is only one abnor-
mality in a wider syndrome, and homocystinuria 
hence acquired the additional, broader meaning of 
the disorder itself. 

Although the presence of any homocystine in the 
urine is usually pathologic, low concentrations of 
thiols (including homocysteine and related com-
pounds) in the plasma are normal. A plasma homo-
cysteine concentration greater than 15 |J,mol/L is 
now termed "hyperhomocysteinemia." While ex-
ceptionally high levels may occur in the syndrome 
of homocystinuria, milder degrees of elevation may 
be seen in a variety of other conditions, which will 
be discussed later. 

V A S C U L A R P A T H O L O G Y 

Following the discovery of homocystinuria, the 
complications of severe premature arteriosclerosis 

and thromboembolism became evident.3,4 Large, me-
dium-sized, and small arteries in any vascular bed 
may be affected: the intima thickens, medial muscu-
lar fibers split and fray, and the internal elastic mem-
brane undergoes similar changes. The lesions, which 
may be focal, are associated with proliferation of 
perivascular connective tissues containing increased 
numbers of fibroblasts, collagen bundles, and small 
elastic fibers. Fibrosis and thickening of the intima 
and the media occurs and may in severe cases lead to 
intraluminal narrowing and to arterial obstruction.3,5 

Similar venous lesions are rare, although both arte-
rial and venous thromboemboli are common. Venous 
thromboembolism accounts for over 50% of all vas-
cular events in patients with homocystinuria.4 

P A T H O P H Y S I O L O G Y 

Considerable evidence suggests that these 
atherogenic and thrombotic tendencies are caused 
by abnormally high concentrations of homocyste-
ine. For example, similar vascular lesions have been 
reported in patients with inherited remethylation 
enzyme defects, which are also characterized by 
gross hyperhomocysteinemia and excretion of ho-
mocystine in the urine. In these disorders, the high 
methionine concentration that is seen in classic ho-
mocystinuria due to cystathionine synthase defi-
ciency is absent. This suggests a role for homocyste-
ine or its derivatives, but not for methionine, in the 
development of vascular disease.4,5 

Endothelial damage 
Evidence that homocysteine has a direct toxic 

effect on endothelial cells has been derived both 
from in vitro studies in human cell cultures6 and 
from in vivo animal models (baboons).7 Short-term 
intravenous infusion of homocystine results in 
desquamation of endothelial cells and has been as-
sociated with arterial damage similar to early hu-
man atherosclerosis. In pigs fed a diet deficient in 
pyridoxine (resulting in vitamin B6 deficiency), a 
rise in homocysteine concentration was associated 
with focal vascular damage. Indeed, widespread 
vascular changes were noted as long ago as 1949 in 
monkeys with induced vitamin B6 deficiency.8 Not 
all these findings have been consistent, however, 
and other studies in rabbits, monkeys, and pigs have 
failed to show similar vascular changes related 
either to infusions of homocysteine or to diets defi-
cient in pyridoxine.9,10 These variable findings may 
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FIGURE 1. The metabolic pathways for the metabolism of homocysteine. THF, tetrahydro-
folate; MTHF, methylenetetrahydrofolate; Me-THF, methyltetrahydrofolate. 

reflect differences in the substances infused, the 
duration of infusion, the laboratory models, and the 
naturally occurring diseases. In addition, homocys-
teine thiolactone was used in some of the studies 
and may be independently cytotoxic.11 Further 
complicating the matter, many of the studies used 
D,L-homocysteine, which contains an unnatural D 
isomer with unknown effects. Species-dependent 
responses may also play a role. 

The mechanism of homocysteine-associated en-
dothelial damage remains unclear, but it may be in-
hibited by the addition of catalase, suggesting that 
hydrogen peroxide produced during oxidation of ho-
mocysteine plays a role.6 This may require the par-
ticipation of other agents such as iron or copper; at 
least in patients with homocystinuria, increases in 
circulating copper concentrations have been ob-
served.10 Recent studies of bovine endothelium have 
suggested that endothelium-derived relaxing factor 
may protect against this adverse effect of homocyste-
ine,11 but this protection may be lost with progressive 
endothelial damage. 

Researchers have used flow-mediated dilation to 
demonstrate endothelial dysfunction in vivo in hu-
mans with homozygous homocystinuria.12 This may 

be evident as early as 4 
years of age. Such abnor-
malities were not seen in 
their heterozygous parents, 
however, and the tech-
nique has not yet been ap-
plied to patients with vas-
cular disease. 

Coagulation disorders 
A number of studies 

have pointed to possible 
abnormalities of platelet 
function. For example, L-
homocystine or D,L-homo-
cysteine added to platelets 
in vitro may increase syn-
thesis of thromboxane B2 
and production of 12-hy-
droxy-5,8,10-heptadecatri 
enoic acid.13 Increased ad-
hesiveness, abnormalities 
of interaction with adeno-
sine diphosphate (ADP) 
and of ADP-induced plate-
let aggregation, and im-

paired platelet survival have all been demonstrated, 
although not consistently.10 Some of the vascular 
abnormalities reported in animal studies were pre-
vented by dipyridamole, sudoxicam, or sulfinpyra-
zone, suggesting that platelets play a role in endothe-
lial damage.7,14 Recently, elevated thromboxane A2 
formation (which may reflect platelet activation) 
has been reported in patients who have homozygous 
homocystinuria.15 

Various abnormalities of clotting have been re-
ported. Reduction of antithrombin III activity to 
50% to 75% of normal, a range associated with 
severe thrombotic tendencies, has been seen in pa-
tients with homocystinuria, although not in their 
heterozygous parents.16 Homocysteine may cause an 
endothelial cell factor to activate factor V,17 al-
though reduced factor VII has also been reported in 
homocystinuria.10 In one study, L-homocysteine ac-
tivated factor XII.18 

In addition to these effects on clotting, homocys-
teine may also inactivate endothelial cell anticoagu-
lant protein C. The expression of surface thrombo-
modulin, which promotes protein C activation and 
inhibits the procoagulant activities of thrombin, 
may thus be irreversibly inhibited.19"21 
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Low-density lipoprotein 
(LDL) cholesterol may be-
come oxidized22 and may 
then be metabolized by 
scavenger-cell surface re-
ceptors, potentially causing 
atherosclerosis. Recent 
data, however, suggest that 
elevated plasma homocys-
teine concentrations do 
not enhance the oxidative 
stress of lipid particles.23 

An interaction with lipo-
protein^) that promotes 
binding with fibrin has, 
however, been reported 
and could also be poten-
tially prothrombotic.24 

In summary, there is 
conflicting evidence con-
cerning the precise pro-
thrombotic actions of ho-
mocysteine on vascular 
endothelium, platelets, co-
agulation factors, and lipids. A single identifiable 
and unifying mechanism that explains the severe 
and early thromboembolic episodes that complicate 
homocystinuria has not yet been proposed. 

H O M O C Y S T E I N E M E T A B O L I S M A N D M E A S U R E M E N T 

Familiarity with the two major routes of homo-
cysteine metabolism is important in understanding 
the biochemical basis for hyperhomocysteinemia 
and the principles by which the transsulfuration 
and remethylation pathways can be therapeutically 
manipulated. 

Homocysteine is the demethylated derivative of 
the essential sulfur-containing amino acid methion-
ine, which is the principal methyl donor in almost 
all methylation reactions and is derived from dietary 
protein.25 After it is formed, homocysteine under-
goes either remethylation to methionine or transsul-
furation to cystathionine (Figure I). Normally, 
about 50% of intracellular homocysteine is transsul-
furated and 50% is reconverted to methionine by 
one of two remethylation pathways. In the more 
important pathway a methyl group is transferred to 
homocysteine from 5-methyltetrahydrofolate; this 
reaction is catalyzed by the vitamin B12 (co-
balamin)-dependent enzyme 5-methyltetrahydrofo-
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FIGURE 2. The structures of homocysteine and related compounds. 

late-homocysteine methyltransferase (methionine 
synthase). The alternative remethylation reaction, 
which occurs in the liver and the kidney,26 involves 
the irreversible transfer of a methyl group from be-
taine to homocysteine. Entry of homocysteine into 
the transsulfuration pathway is catalyzed by vitamin 
B6 (pyridoxal phosphate)-dependent cystathionine 
synthase. Homocysteine is first converted to cys-
tathionine, then to cysteine, and finally to sulfate, 
which is excreted in the urine. 

Upon entry into the circulation, up to 90% of 
homocysteine combines with plasma protein. The 
remainder auto-oxidizes to form the disulfide dimer 
homocystine or oxidizes with cysteine to form the 
homocysteine-cysteine mixed disulfide. The term 
"homocyst(e)ine" has been used to collectively des-
ignate these different species (Figure 2). High-per-
formance liquid chromatography can be used to 
measure the total homocysteine concentration, 
which usually ranges from 5 to 15 ¡imol/L.27,28 A 
sensitive and reproducible technique for measuring 
plasma homocysteine has been developed at the 
Cleveland Clinic that possesses the added advantage 
of quantifying cysteine and other plasma thiols.29 

Normal homocysteine metabolism is determined 
by a number of essential enzymes and vitamins, and 
the absence or dysfunction of any of these substances 
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Time after methionine loading (days) 

FIGURE 3 . The effect of methionine loading on plasma ho-
mocysteine concentrations. Although the test is useful as an 
investigational tool, the measurement of total fasting homo-
cysteine is likely to become the standard test. From Ueland 
et al, reference 10, courtesy of Marcel Dekker, Inc. 

TABLE 1 
CAUSES OF HYPERHOMOCYSTEINEMIA 

Inherited causes 
Transsulfuration abnormalities 

Cystathionine synthase deficiency 
Remethylation abnormalities 

Defective vitamin B12 transport 
Defective vitamin B12 coenzyme synthesis 
Defective methionine synthase 
5,10 methylenetetrahydrofolate reductase deficiency 

or defects 
Acquired causes 

Diseases 
Chronic renal failure 
Acute lymphoblastic leukemia 
Psoriasis 

Deficiency states 
Vitamin B12 deficiency 
Folate deficiency 
Vitamin B6 deficiency 

Drugs 
Methotrexate (inhibits dihydrofolate reductase) 
Nitrous oxide (inactivates methionine synthase) 
6-azauridine triacetate (a vitamin B6 antagonist) 
Anticonvulsants, eg, phenytoin and carbamazepine 

(folate antagonists) 

may lead to hyperhomocysteinemia. Gross increases 
in plasma homocysteine may be seen in homozygous 
cystathionine synthase deficiency, the most common 
hereditary cause of homocystinuria. Of equal impor-
tance are the enzymes methionine synthase and 
methylenetetrahydrofolate reductase and their req-
uisite cofactor and cosubstrate, vitamin B12 and 
methylenetetrahydrofolic acid, respectively. 

The methionine'loading test 
The plasma homocysteine concentration is usu-

ally measured in the fasting state, allowing ready 
detection of abnormal values. However, some peo-
ple who have normal fasting levels may nevertheless 
have a latent potential for developing hyperhomo-
cysteinemia. This condition can be detected in a 
manner analogous to glucose tolerance testing in 
diabetes. The patient takes a dose of 0.10 g/kg body 
weight of methionine by mouth, which normally 
causes the plasma concentration of homocysteine to 
rise in a characteristic fashion (Figure 3).10 Recent 
technical advances in measuring total homocyste-
ine may, however, render this cumbersome and 
time-consuming test less important in the future. 

CAUSES OF H Y P E R H O M O C Y S T E I N E M I A 

Table 1 outlines the principal causes of hyperho-
mocysteinemia. Plasma homocysteine concentra-
tions increase with age, and levels are higher in men 
than in women.10,29 Data conflict concerning the 
effect of menopause, but homocysteine concentra-
tions probably do not rise significantly in women at 
this time.1030 

Cystathionine synthase deficiency is the princi-
pal cause of the syndrome of homozygous homocys-
tinuria, a rare disease in which total homocysteine 
levels sometimes reach 500 ¡Imol/L (50 times nor-
mal). Cystathionine synthase deficiency alone, 
however, is not the sole explanation: differences in 
the physical and immune properties of the enzyme 
suggest the possibility of mutations of different 
types.3 Heterozygosity for cystathionine synthase de-
ficiency may be responsible for moderate elevations 
in plasma homocysteine levels.3 

Other well-defined, albeit rare, abnormalities in 
the remethylation pathway may also cause homo-
cystinuria, including insufficient methionine syn-
thase activity and 5,10-methylenetetrahydrofolate 
reductase deficiency.10 Vitamin B12 deficiency also 
leads to elevated plasma homocysteine concentra-
tions—sometimes even higher than in carriers for 
cystathionine synthase deficiency.31 Similarly, ac-
quired deficiency of folic acid due to inadequate 
intake or to antagonism by drugs may indirectly 
impair remethylation and result in hyperhomocyste-
inemia.32'33 Results conflict concerning the relation-
ship between deficiency of pyridoxal phosphate (the 
coenzyme for cystathionine synthase) and elevated 
homocysteine concentrations in humans.34'35 
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H Y P E R H O M O C Y S T E I N E M I A 
A N D V A S C U L A R D I S E A S E 

Soon after the initial reports of homocystinuria 
from Belfast and Wisconsin, the association of ho-
mocystinuria with premature vascular disease be-
came evident. It was only in 1976, however, that a 
possible link between carriers and premature vascu-
lar disease was suggested, when higher mixed homo-
cysteine disulfide levels were observed in 25 Austra-
lian patients with coronary artery disease compared 
with controls.36 

Some years later, Freedman et al37 and Murphy-
Chutorian et al38 in the United States also demon-
strated possible abnormalities of methionine meta-
bolism in patients with coronary artery disease. The 
findings were confirmed by Kang et al,39 who showed 
in a case-control study that fasting homocysteine 
levels were higher in patients with coronary artery 
disease than in controls with normal angiographic 
findings. 

Similar findings have been reported in patients 
with other premature vascular diseases.40,41 To date, 
more than 20 studies involving more than 2000 
patients have demonstrated significantly higher 
plasma homocysteine levels in patients with coro-
nary artery disease, cerebrovascular disease, and pe-
ripheral arterial occlusive disease compared with 
controls.36"61 The studies have varied markedly in 
design, types of patients and controls, and defini-
tions of endpoints and of hyperhomocysteinemia. In 
addition, patients with certain risk factors were in-
cluded in some studies but were excluded from oth-
ers, the use of the methionine-loading test varied, 
and statistical methods differed, resulting in minor 
but important differences in detail. 

What is nonetheless striking is the apparently 
reliable and reproducible association between high 
homocysteine levels and vascular diseases in such 
disparate groups. This constant correlation, despite 
the different methods used, suggests a true relation-
ship rather than mere coincidence. Indeed, the link 
may be stronger than currently thought: researchers 
in Ireland observed unadjusted odds ratios of 40.3 
for cerebral vascular disease, 22.3 for peripheral vas-
cular disease, and 23.9 for coronary artery disease in 
patients with hyperhomocysteinemia compared 
with controls.42 Although these ratios were reduced 
in multivariate analysis, a threefold increase in risk 
persisted for all forms of vascular disease, and the 
values for hyperhomocysteinemia were higher than 

those for hypercholesterolemia, hypertension, and 
cigarette smoking. The varied populations and 
methods have hampered formal meta-analysis, but 
some authors have reported pooled results, with 
similar conclusions.10 

Peripheral venous thromboembolism accounts 
for more than half of the vascular episodes seen in 
patients with homocystinuria,3 but higher plasma 
homocysteine concentrations have not been found 
in nonhomocystinuric patients suffering venous 
thromboembolism when compared with controls.10 

C A U S E S O F H Y P E R H O M O C Y S T E I N E M I A 
I N P A T I E N T S W I T H V A S C U L A R D I S E A S E 

The causes of hyperhomocysteinemia in patients 
with vascular disease are complex and poorly un-
derstood. In normal subjects, age and gender influ-
ence homocysteine concentrations. In patients 
with coronary artery disease, however, age-related 
changes have been seen in some studies,39,43,45 but 
not in others.38,44 Depletions of cofactors necessary 
for homocysteine metabolism, or coexisting renal 
impairment, could account for rising homocysteine 
concentrations with age. Cystathionine synthase 
activity may not decline with age in patients with 
vascular disease, as it does in normal individuals.62 

Small differences between men and women have 
been seen in one study of patients with coronary 
artery disease,39 but not in another,43 and sex-re-
lated differences have not been seen in patients 
with peripheral vascular40,46,47 or cerebrovascular 
disease.40,48"50 

Deficiency of vitamin B12 and folic acid 
Because vitamin deficiency can raise homocyste-

ine concentrations, a number of investigators have 
measured concentrations of vitamin B12 and folic 
acid in patients with vascular diseases. Major studies 
in patients with coronary artery disease have yielded 
conflicting results, but both folic acid and vitamin 
B12 concentrations have been reported to be lower 
in patients with higher homocysteine concentra-
tions.42,51 In the study of Ubbink et al,45 although the 
concentration of folate was low, that of vitamin B12 
was normal. Low levels of folic acid or vitamin B12 
have also been observed in some studies of patients 
with peripheral vascular disease41,42 and stroke,42,50 

but not in others.52 Similar findings have been seen 
in other studies of patients with coronary artery 
disease.60,61 
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TABLE 2 
SERUM VITAMIN B12 AND FOLATE CONCENTRATIONS IN PATIENTS WITH AND 
WITHOUT HYPERHOMOCYSTEINEMIA AT THE CLEVELAND CLINIC FOUNDATION 

Patients with 
hyperhomo-
cysteinemia 

Patients without 
hyperhomo-
cysteinemia P value 

Serum vitamin B12 (pg/mL) 

Serum folate (ng/mL) 

313 ±136 

9.8 + 5.2 

430 + 230 

11.8 ± 5.5 

.001 

.07 

association between pyri-
doxine deficiency and 
atherosclerosis,8 and vita-
min deficiency may also be 
closely linked with enzyme 
deficiencies that are associ' 
ated with high homocyste-
ine concentrations. 

TABLE 3 
PREVALENCE OF HYPERHOMOCYSTEINEMIA AND POSSIBLE HETEROZYGOSITY 
FOR CYSTATHIONINE SYNTHASE DEFICIENCY IN PATIENTS WITH VASCULAR DISEASE 

Prevalence % 

Country Reference Year 

Cerebral 
vascular 
disease 

Peripheral 
vascular 
disease 

Coronary 
artery 

disease 

Australia 36 1976 28 
Sweden 54 1984 28 — — 

Netherlands 40 1985 28 28 0 
United States 38 1985 — — 16 
Ireland 42 1991 33 22 30 

In unpublished work at The Cleveland Clinic 
Foundation, we found significantly higher mean 
plasma homocysteine concentrations in patients 
with coronary artery disease compared with con-
trols, 15.1 vs 10.0 ¡Xmol/L. Plasma homocysteine 
concentrations correlated negatively with both se-
rum vitamin B12 and folate (Table 2). Three studies 
of patients with peripheral vascular disease and 
stroke yielded similar results.41,50,52 

Deficiency of vitamin B6 
Most studies of coronary artery disease did not 

include measurements of vitamin B6 concentra-
tions, but these concentrations were normal in two 
studies.40,45 A negative correlation between homo-
cysteine and pyridoxal phosphate has recently been 
reported,60 and we have found similar results in 
patients with coronary artery disease. In one study 
of cerebrovascular and peripheral vascular disease, 
vitamin B6 concentrations were normal.40 In two 
further studies, however, overall pyridoxal phos-
phate levels were lower in patients than in con-
trols41 and correlated negatively with plasma homo-
cysteine.50 

These findings suggest a possible contributory 
role for vitamin deficiency in the development of 
vascular disease. The relationship of vitamin defi-
ciency and elevated homocysteine concentrations 
may provide a rationale for the previously suggested 

Heterozygous 
cystathionine 
synthase deficiency 

Only three clinical stud-
ies have formally evaluated 
cystathionine synthase ac-
tivity in patients with coro-
nary artery disease.40,42,58 

Presumed carrier rates, esti-
mated from the proportion 
of coronary patients with 
hyperhomocysteinemia, 
have ranged from 0% in 

Holland to 20% to 30% in Ireland and Australia 
(Table 3). 

A further discrepancy exists between the preva-
lence of heterozygosity for cystathionine synthase 
deficiency as estimated from the number of het-
erozygotes among patients with coronary artery dis-
ease and the prevalence of heterozygosity based on 
known cases of homozygous homocystinuria. In Ire-
land, for example, homocystinuria has a prevalence 
of approximately 1 in 57 000 births,3 perhaps the 
highest in the world. This number of homozygotes 
implies a carrier frequency of approximately 1% in 
the general population. In one Irish study, the possi-
ble carrier frequency among patients with coronary 
disease was estimated to be approximately 30%.42 

There are thus too few heterozygotes to account for 
the numbers seen in the vascular disease popula-
tion.63 In the United States, the estimated frequency 
of homozygous homocystinuria is 1:406 000,3 yield-
ing a carrier rate of approximately 1 in 300, which is 
even lower. 

This complex issue has been reviewed else-
where.63 Heterozygosity for cystathionine synthase 
deficiency may be infrequent, and acquired and in-
herited deficiencies of other factors such as co-
balamin, folate, or alternative enzymes may be more 
prevalent than previously thought. The balance be-
tween enzyme deficiency on the one hand and vita-
min depletion on the other, although of fundamen-
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tal importance, remains unclear; there may be a 
number of abnormalities of variable penetrance of 
the transsulfuration and remethylation pathways re-
sulting in hyperhomocysteinemia. 

O T H E R R I S K F A C T O R S 

After the association of homocysteine with vascu-
lar disease was discovered, its relationship with other 
risk factors was evaluated. Earlier studies deliberately 
excluded patients with other risk factors in order to 
isolate potential confounding variables. However, 
multivariate analysis has been used in more recent 
studies. Conflicting results have been reported from 
different studies on the link between homocysteine 
and other risk factors, although homocysteine is an 
independent risk factor in its own right. 

In most studies of patients with coronary artery 
disease38,44'45'61 or other vascular diseases,40,4<M8,50,54 no 
apparent relationship between hypercholesterolemia 
and hyperhomocysteinemia has been seen. Kang et 
al,39 however, demonstrated a correlation between 
plasma homocysteine and cholesterol concentra-
tions in coronary patients, although none were hy-
percholesterolemic, and Wu et al have recently 
shown a correlation between homocysteine and LDL 
cholesterol.60 Molgaard et al52 have found a correla-
tion between total cholesterol and homocysteine in 
patients with peripheral vascular disease, but not in 
controls. 

Most investigators have been unable to show a 
link between blood pressure and homocysteine con-
centrations in patients with coronary artery dis-
ease38,39,44,60,61 or other forms of vascular disease.47" 
49,50,52,54 Malinow46 found that 77% of patients with 
peripheral vascular disease and elevated homocyste-
ine concentrations were hypertensive, compared 
with 40% of those with normal homocysteine levels. 
In patients with vascular disease, smoking did not 
correlate with homocysteine,38-40,46'50,52,54,60,61 except 
in two studies.55,64 No correlation between diabetes 
and hyperhomocysteinemia has been found in pa-
tients with vascular disease.38,46,47,49,50,52,60,61 

Although hyperhomocysteinemia appears to be 
an independent risk factor for vascular disease, its 
effects could still modify (or be modified by) other 
risk factors such as smoking, hypertension, or hy-
percholesterolemia. The possibility of interaction 
or synergy remains, as interactions between choles-
terol and homocysteine have already been 
noted.22'60,65 

NOVEMBER • DECEMBER 1994 

A large European case-control study focusing on 
men under age 55 with vascular disease recently 
evaluated possible relationships between homocys-
teine and other risk factors.66 The principal objec-
tive was to clarify the relationship between hyper-
homocysteinemia and premature vascular disease. 
Preliminary results suggest that the previous find-
ings from other studies will be corroborated and that 
higher homocysteine concentrations are indeed in-
dependently associated with vascular disease.59 The 
work will also yield useful information on possible 
risk-factor interactions and on the relationship be-
tween homocysteine concentrations and vitamin 
status. 

S E V E R I T Y O F V A S C U L A R D I S E A S E 

Although homocysteine may be a risk factor for 
vascular disease, its relationship to the severity or 
extent of underlying arterial abnormalities is un-
clear. Kang et al39 reported no correlation between 
homocysteine concentrations and Gensini scores of 
severity of coronary disease. However, Ubbink et al45 

showed a positive correlation between homocyste-
ine levels and the number of occluded vessels. In 
one study, homocysteine concentrations in patients 
with transient ischemic attacks and those with com-
pleted stroke were similar.49 In an ultrasonographic 
study, homozygous homocystinuric patients had 
more severe peripheral vascular lesions than did het-
erozygotes.67 Higher homocysteine levels have also 
been associated with more rapid progression of 
lower-extremity lesions and with an increased fre-
quency of cardiac events in patients with occlusive 
peripheral arterial disease.47 These areas require fur-
ther study and clarification. 

T H E R A P Y O F H O M O C Y S T I N U R I A 

A low-methionine diet may lower high plasma 
homocysteine concentrations in patients with ho-
mocystinuria. In addition, such methionine restric-
tion may prevent some of the more serious compli-
cations of the disease, such as mental retardation, 
lens dislocation, and seizures. The effect of diet on 
other aspects of the disorder such as osteoporosis 
and thromboembolism are under investigation. 

Although diet is the mainstay of treatment, Bar-
ber and Spaeth68 demonstrated that patients could 
be divided into two broad categories on the basis of 
their response to vitamin B6. The success of this 
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treatment in reducing and, in some cases, normaliz-
ing plasma homocysteine levels is not due to the 
correction of an underlying deficiency of vitamin 
B6, but is attributed to a slight but critical increase 
in cystathionine synthase activity caused by the 
doses of vitamin B6 cofactor that are used. The use 
of folic acid was later proposed when its efficacy in 
lowering homocysteine concentration by increasing 
remethylation was noted in a study of patients with 
homocystinuria undergoing investigation for other 
reasons.69 

Reduction of elevated homocysteine concentra-
tions has since been achieved in conditions other 
than homocystinuria. For example, patients with 
renal failure10 and those who have undergone renal 
transplantation with impaired renal function also 
develop high homocysteine levels, which may be 
reduced by the administration of folic acid.10'70 This 
effect is evident after 2 weeks of treatment and may 
be maximal at 4 weeks.70 In patients with frank 
folate deficiency, plasma homocysteine is elevated 
and may also be rapidly reduced by oral folic acid.33 

Doses up to 10 mg have been used,41 although 5 mg 
alone71 or even 1 mg alone33 or in combination with 
cyanocobalamin and vitamin B6 may be effective.35 

The lowest effective dose has not yet been estab-
lished. Such effects may be short-lived if treatment 
is not continued: in one study homocysteine con-
centrations returned to baseline levels in 10 weeks 
following cessation of folic acid therapy.70 

In theory, vitamin B12, a remethylation cofactor 
rather than a cosubstrate, might be expected to pro-
duce little if any reduction in homocysteine levels 
unless there is frank cobalamin deficiency. In a lim-
ited number of studies, it did not reduce homocyste-
ine levels in normal subjects71 or in patients with 
renal disease.70 Administration of vitamin B6 alone 
does not reduce fasting homocysteine concentra-
tions in normal subjects71 or in patients with renal 
disease.70 

Folic acid can also reduce plasma homocysteine 
concentrations in patients with peripheral vascular 
and cerebrovascular disease.41 Vitamin B6 may have 
similar effects but only following methionine load-
ing.40'41'72 

Recently, various combinations of vitamin B6 
and B12 and folic acid have reduced homocysteine 
concentrations in patients with coronary artery dis-
ease.73'74 A response to vitamin B6 therapy in these 
patients might be due to the presence of an underly-
ing cystathionine synthase abnormality or to a cor-

rection of an underlying pyridoxine deficiency. 
These effects may have enormous potential thera-
peutic relevance, and vitamin intervention studies 
are now being considered in patients with coronary 
artery disease. 

T H E F U T U R E 

Abundant evidence from cross-sectional and 
clinical case-control studies now suggests that ho-
mocysteine is an independent risk factor for vascu-
lar disease and is not a proxy for other risk factors. 
However, many areas still require clarification. Al-
though the relative risk of vascular disease in peo-
ple with hyperhomocysteinemia appears raised, in-
terrelationships with other risk factors are still 
unclear and the possibility of synergy has not been 
excluded. 

Although hyperhomocysteinemia may be a risk 
factor in men, there are limited data on its preva-
lence and its relationship with other risk factors in 
women. In one study, women with coronary disease 
had higher homocysteine levels than did controls.39 

In addition, greater odds ratios for carotid thicken-
ing have been seen in women compared with men 
with increasing quintiles of plasma homocysteine.75 

Also unclear is the role of hyperhomocysteinemia in 
the elderly and in different ethnic groups, including 
African-Americans. In one study, no significant ele-
vation in the odds ratios for carotid wall thickening 
was seen in blacks,75 although the numbers were 
small. 

The role of homocysteine in the vascular disease 
of renal failure should be further explored in view of 
the severe vascular disease and the high homocyste-
ine levels seen in these patients.76 The association 
between homocysteine concentrations and the se-
verity of associated vascular diseases also needs fur-
ther investigation, as some studies56,59,61,75 have re-
ported that the risk of vascular disease rises with 
plasma homocysteine concentration. 

Recently, increases in plasma homocysteine con-
centration of almost 70% following cardiac trans-
plantation have been reported.77 Concentrations of 
circulating folic acid and vitamin B12 fell signifi-
cantly in these patients. The underlying mechanism 
for these marked changes and their possible rela-
tionship to the subsequent development of coronary 
artery disease after transplantation will require addi-
tional prospective study. Further investigation of the 
relationship between homocysteine and thrombotic 
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tendencies in patients with vascular disease may 
provide new insights into platelet activation, as ho-
mozygous homocystinuria has been associated with 
increased thromboxane A2 production.15 

In spite of the observation of high circulating 
homocysteine concentrations in patients with vas-
cular disease, the underlying mechanisms remain 
obscure. There is limited evidence that cystathion-
ine synthase deficiency is present in some patients 
with vascular disease.40,42,58 The relationship of the 
activity of cystathionine synthase to the other de-
terminants of transsulfuration and remethylation 
such as vitamin cofactors is still unclear, and it is 
uncertain whether the lower vitamin concentra-
tions reported by some authors are secondary to this 
or have a dietary origin. Other enzyme abnormali-
ties may be important: a thermolabile variant of 
methylenetetrahydrofolate reductase has recently 
been reported in patients with coronary artery dis-
ease and may be associated with high homocysteine 
concentrations.78,79 

Cystathionine synthase deficiency or other he-
reditary enzyme or cofactor abnormalities could at 
least partly explain why a positive family history is a 
risk factor for vascular disease. Genetic mechanisms 
may be more important in younger patients with 
coronary artery disease,40,42,62 while nutritional defi-
ciency may predominate in the elderly.80 In one 
study of men with premature coronary artery dis-
ease, as many as 14% had familial hyperhomocyste-
inemia.81 Genetic or enzymatic screening for such 
hereditary abnormalities could identify children at 
increased risk of developing premature vascular dis-
ease later in life. The complementary DNA se-
quence of human cystathionine synthase has been 
elucidated,82 and a defect in the gene coding for 
cystathionine synthase resulting in replacement of 
glycine 307 by serine in the protein has been re-
ported in patients with homocystinuria.83 Recently, 
c-DNA for human methylenetetrahydrofolate re-
ductase has been isolated and two mutations identi-
fied in patients with a deficiency of this enzyme.84 

This may be of great importance because of the 
reports of abnormalities of this enzyme in patients 
with coronary artery disease.78,79 The hereditary as-
pects of homocystinuria have been reviewed else-
where.85 Multiple abnormalities of cystathionine 
synthase may explain the lower enzyme activity in 
patients with vascular disease, and the abnormalities 
of methylenetetrahydrofolate reductase require fur-
ther investigation in these patients. 

I M P L I C A T I O N S F O R C L I N I C I A N S 

As for the relevance of the homocysteine-vascu-
lar disease link to today's practicing clinicians, sev-
eral key issues need to be resolved. First, is there any 
merit in measuring homocysteine concentrations in 
patients with vascular disease? And if so, which test 
should be used? The current standard is the total 
fasting plasma homocysteine concentration test, 
widely used by investigators and certainly Jess cum-
bersome than a formal methiomne-loading test. 
However, the fasting test may notconfer any advan-
tage over a random sample,46 although this too 
quires further study. 

Second, the precise plasma homocysteine cc/n-
centration at which the risk of vascular disease in-
creases remains unclear: there is considerable over-
lap between values in patients with coronary arter 
disease and controls. As with hypercholesterolemia, 
values now considered normal may eventually be 
considered high. 

Third, in spite of the possible effectiveness of 
pyridoxine in the prevention of thromboembolism 
in patients with homozygous homocystinuria, there 
is no controlled evidence that reducing homocyste-
ine concentrations prevents or slows coronary artery 
disease or influences outcome. Measuring plasma 
homocysteine concentrations may therefore be 
somewhat academic until primary and secondary 
prevention studies have been performed. Such stud-
ies will first require the evaluation of the efficacy of 
different combinations and doses of supplemental 
vitamin therapies in reducing homocysteine con-
centrations. 

S U M M A R Y 

Homocysteine has adverse effects on endothe-
lium, platelets, and clotting factors. In clinical stud-
ies, elevated concentrations have been associated 
with premature vascular disease and with a greater 
frequency of acute cardiovascular episodes, includ-
ing myocardial infarction.47,56,57 Vitamin therapy, 
which lowers the plasma homocysteine concentra-
tion, is simple, nontoxic, naturally occurring, and 
has a wide therapeutic index. Together, these obser-
vations make a compelling argument for interven-
tion studies in patients with coronary heart disease. 
Indeed, preliminary investigations are underway in 
patients with peripheral vascular disease. Such stud-
ies in cardiac patients must now focus on progres-
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sion and regression of disease and on prognosis. Al-
though such a trial would be expensive and pose a 
logistic challenge, it would be worthwhile if treat-
ment actually decreases mortality. Many of these 

REFERENCES 

1. Carson NAJ, Neill DW. Metabolic abnormalities detected in a 
survey of mentally backward individuals in Nor thern Ireland. 
Arch Dis Chi ld 1962; 37 :505-513 . 

2. Gerritsen T, Vaughn JG, Waisman HA. T h e identification of 
homocystine in the urine. Biochem Biophys Res C o m m u n 1962; 
9:493—496. 

3. Mudd SH, Levy HL, Skovby F. Disorders of transsulfuration. 
In: Scriver CR, Beaudet AL, Sly W S , Valle D, editors. T h e meta-
bolic basis of inherited disease. 6 th ed. New York: McGraw-Hill , 
1989:693-734. 

4. Mudd SH, Skovby F, Levy HL, et al. T h e natural history of 
homocystinuria due to cystathionine-ß-synthase deficiency. A m J 
Hum Gene t 1985 ;37 :1 -31 . 

5. McCully KS. Vascular pathology of homocysteinemia: implica-
tions for the pathogenesis of arteriosclerosis. A m J Pathol 1969; 
56 :111-128 . 

6. Starkebaum G, Harlan JM. Endothelial cell injury due to cop-
per-catalyzed hydrogen peroxide generation from homocysteine. J 
Clin Invest 1986; 77 :1370-1376. 

7- Harker LA, Harlan JM, Ross R. Effect of sulfinpyrazone o n 
homocysteine-induced endothelial injury and arteriosclerosis in 
baboons. Circ Res 1983; 53 :731-739 . 

8. Rinehart JF, Greenberg LD. Arteriosclerotic lesions in pyridox-
ine-deficient monkeys. A m J Pathol 1949; 25:481-491. 

9. McCully KS. Homocysteine theory of arteriosclerosis: develop-
ment and current status. Atherosclero Rev 1983; 11:157-246. 

10. Ueland PM, Refsum H, Brattström L. Plasma homocysteine 
a n d ca rd iovascu la r disease. In : Francis R B Jr, ed i to r . 
Atherosclerotic cardiovascular disease, hemostasis, and endothe-
lial funct ion. N e w York: Marcel Dekker, 1992:183-236. 

11. Stamler JS, Osborne JA, Jaraki O, et al. Adverse vascular ef-
fects of homocysteine are modulated by endothelium-derived re-
laxing factor and related oxides of nitrogen. J Cl in Invest 1993; 
91 :308-318 . 

12. Celermajer DS, Sorensen K, Ryalls M, et al. Impaired endothe-
lial func t ion occurs in the systemic arteries of children wi th ho-
mozygous homocystinuria but no t in their heterozygous parents. J 
A m Coll Cardiol 1993; 22 :854-858 . 

13. Graeber JE, Slott JH, Ulane RE, Schulman JD, Stuart MJ. 
Effect of homocysteine and homocystine on platelet and vascular 
arachidonic acid metabolism. Pediatr Res 1982; 16:490-493. 

14. Harker LA, Slichter SJ, Scott CR, Ross R. Homocystinemia. 
Vascular injury and arterial thrombosis. N Engl J Med 1974; 
291 :537-543 . 

15. Di Minno G, Davi G, Margaglione M, et al. Abnormally high 
thromboxane biosynthesis in homozygous homocystinuria. Evi-
dence for platelet involvement and probucol-sensitive mecha-
nism. J Cl in Invest 1993; 92:1400-1406. 

16. Brattström L, Israelsson B, Tengborn L, Hultberg B . Homo-
cysteine, factor VII and ant i thrombin III in subjects with different 
gene dosage for cystathionine ß-synthase. J Inherit Metab Dis 
1989; 12:475-482. 

17. Rodgers GM, Kane W H . Act ivat ion of endogenous factor V by 
a homocysteine-induced vascular endothelial cell activator. J C l in 
Invest 1986; 77:1909-1916. 

18. Ratnoff OD. Act ivat ion of Hageman factor by L-homocystine. 
Science 1968;162:1007-1009. 

19. Hayashi T, Honda G, Suzuki K. A n atherogenic stimulus ho-
mocysteine inhibits cofactor activity of thrombomodulin and en-

exciting areas are currently under investigation at 
the Cleveland Clinic, with important implications 
for the fields of vascular medicine, biochemistry, 
nutrition, epidemiology, and public health. 

hances thrombomodulin expression in h u m a n umbilical vein en-
dothelial cells. Blood 1992; 79:2930-2936. 

20. Lentz SR, Sadler JE. Inhibi t ion of thrombomodulin surface ex-
pression and protein C activation by the thrombogenic agent 
homocysteine. J Cl in Invest 1991; 88 :1906-1914. 

21. Rodgers GM, Conn MT. Homocysteine, an atherogenic stimu-
lus, reduces protein C activation by arterial and venous endothe-
lial cells. Blood 1990; 75:895-901. 

22. Parthasarathy S. Oxidat ion of low-density lipoprotein by thiol 
compounds leads to its recognition by the acetyl LDL receptor. 
Biochim Biophys Ac ta 1987; 917 :337-340 . 

23. Dudman NPB, Wilcken DEL, Stacker R. Circulating lipid 
hydroperoxide levels in human hyperhomocysteinemia: relevance 
to development of arteriosclerosis. Arterioscler Thromb 1993; 
13:512-516. 

24. Harpel PC, Chang VT, Borth W. Homocysteine and other 
sulfhydryl compounds enhance the binding of lipoprotein(a) to 
fibrin: a potential biochemical link between thrombosis, athero-
genesis, and sulfhydryl compound metabolism. Proc Nat l Acad 
Sci U S A 1992; 89:10193-10197. 

25. Finkelstein JD. Methionine metabolism in mammals. J Nut r 
Biochem 1990; 1:228-237. 

26. McKeever MP, Weir DG, Molloy A, Scott JM. Betaine:homo-
cysteine methyltransferase: organ distribution in man, pig and rat 
and subcellular distribution in the rat. C l in Sci 1991; 8 1 : 5 5 1 -
556. 

27. Jacobsen DW. Cardiovascular disorders (risk assessment). Anal 
C h e m 1993; 65 :367R-373R. 

28. Ueland PM, Refsum H, Stabler SP, Malinow MR, Andersson 
A, Allen RH. Total homocysteine in plasma or serum: methods 
and clinical applications. C l in C h e m 1993; 39:1764-1779. 

29. Jacobsen DW, Gatautis VJ, Green R, et al. Rapid H P L C deter-
minat ion of total homocysteine and other thiols in serum and 
plasma: sex differences and correlation wi th cobalamin and folate 
levels in healthy subjects. Cl in C h e m 1994; 40 :873-881 . 

30. Andersson A, Brattstr6m L, Israelsson B, Isaksson A, Hamfelt 
A, Hultberg B. Plasma homocysteine before and after methion-
ine loading wi th regard to age, gender, and menopausal status. Eur 
J C l in Invest 1992; 22 :79 -87 . 

31. Brattstrom LE, Israelsson B, Lindgarde F, Hultberg B. Higher 
total plasma homocysteine in vitamin B12 deficiency t h a n in 
heterozygosity for homocystinuria due to cystathionine B-synthase 
deficiency. Metabolism 1988; 37 :175-178 . 

32. Kang S-S, Wong PWK, Norusis M. Homocysteinemia due to 
folate deficiency. Metabolism 1987; 36 :458-462 . 

33. Stabler SP, Marcell PD, Podell ER, Allen RH, Savage DG, 
Lindenbaum J. Elevation of total homocysteine in the serum of 
patients with cobalamin or folate deficiency detected by capillary 
gas chromatography-mass spectrometry. J C l i n Invest 1988; 
81 :466-474 . 

34. Miller JW, Ribaya-Mercado JD, Russell RM, et al. Effect of 
vitamin B6 deficiency on fasting plasma homocysteine concentra-
tions. A m J Cl in Nu t r 1992; 55 :1154-1160. 

35. Ubbink JB, Vermaak WJH, van der Merwe A, Becker PJ. 
Vitamin B-12, vitamin B-6, and folate nutri t ional status in men 
with hyperhomocysteinemia. A m J Clin Nut r 1993; 57 :47-53 . 

36. Wilcken DEL, Wilcken B. T h e pathogenesis of coronary artery 
disease: a possible role for methionine metabolism. J Clin Invest 
1976;57:1079-1082. 

37. Freedman D, Popio K, Kredich N, Heiss G. Plasma homocys-
teine and coronary artery disease [abstract]. A m J Epidemiol 1982; 
116:566. 

4 4 8 CLEVELAND CLINIC JOURNAL OF MEDICINE VOLUME 61 • NUMBER 6 

 on July 28, 2025. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


H O M O C Y S T E I N E • R O B I N S O N A N D A S S O C I A T E S 

38. Murphy-Chutorian DR, Wexman MP, Grieco AJ, et al. 
Methionine intolerance: a possible risk factor for coronary artery 
disease. ] A m Coll Cardiol 1985; 6 :725-730. 

39. Kang S-S, Wong PWK, Cook HY, Norusis M, Messer JV. 
Protein-bound homocysteine: a possible risk factor for coronary 
artery disease. J Cl in Invest 1986; 77 :1482-1486. 

40. Boers GH], Smals AGH, Trijbels FJM, et al. Heterozygosity 
for homocystinuria in premature peripheral and cerebral occlusive 
arterial disease. N Engl J Med 1985; 313 :709-715 . 

41. Brattstrom L, Israelsson B, Norrving B, et al. Impaired homo-
cysteine metabolism in early-onset cerebral and peripheral occlu-
sive arterial disease. Effects of pyridoxine and folic acid t reatment . 
Atherosclerosis 1990; 81 :51-60 . 

42. Clarke R, Daly L, Robinson K, et al. Hyperhomocysteinemia: 
an independent risk factor for vascular disease. N Engl J Med 
1991 ;324 :1149-1155 . 

43. Malinow MR, Sexton G, Averbuch M, Grossman M, Wilson D, 
Upson B. Homocyst(e)inemia in daily practice: levels in coro-
nary artery disease. Coronary Artery Disease 1990; 1:215-220. 

44. Genest JJ Jr, McNamara JR, Salem DN, Wilson PWF, Schaefer 
EJ, Malinow MR. Plasma homocyst(e)ine levels in men with 
premature coronary artery disease. J A m Col l Cardiol 1990; 
16 :1114-1119. 

45. Ubbink JB, Vermaak WJH, Bennett JM, Becker PJ, van Staden 
DA, Bissbort S. T h e prevalence of homocysteinemia and hyper-
cholesterolemia in angiographically defined coronary heart dis-
ease. Klin Wochenschr 1991; 69 :527-534 . 

46. Malinow MR, Kang SS, Taylor LM, et al. Prevalence of hyper-
homocyst(e)inemia in patients with peripheral arterial occlusive 
disease. Circulation 1989; 79 :1180-1188. 

47. Taylor LM Jr, DeFrang RD, Harris J Jr, Porter JM. T h e asso-
ciation of elevated plasma h o m o c y s t e i n e with progression of 
symptomat ic per iphera l ar ter ial disease. J Vase Surg 1991; 
13:128-136. 

48. Araki A, Sako Y, Fukushima Y, Matsumoto M, Asada T, Kita 
T. Plasma sulfhydryl-containing amino acids in patients with 
cerebral infarction and in hypertensive subjects. Atherosclerosis 
1989; 79 :139-146 . 

49. Coull BM, Malinow MR, Beamer N, Sexton G, Nordt F, de 
Garmo P. Elevated plasma h o m o c y s t e i n e concentrat ion as a 
possible independent risk factor for stroke. Stroke 1990; 2 1 : 5 7 2 -
576. 

50. Brattstrom L, Lindgren A, Israelsson B, et al. Hyperhomocys-
teinaemia in stroke: prevalence, cause, and relationships to type of 
stroke and stroke risk factors. Eur J Cl in Invest 1992; 22 :214-221 . 

51. Israelsson B, Brattstrom LE, Hultberg BL. Homocysteine and 
myocardial infarction. Atherosclerosis 1988; 71:227-233. 

52. Molgaard J, Malinow MR, Lassvik C, Holm A-C, Upson B, 
Olsson AG. Hyperhomocyst(e)inaemia: an independent risk fac-
tor for intermittent claudication. J Intern Med 1992; 231:273-279. 

53. Mereau-Richard C, Muller JP, Faivre E, Ardouin P, Rousseaux 
J. Total plasma homocysteine determinat ion in subjects with 
premature cerebral vascular disease. Cl in C h e m 1991; 37:126. 

54. Brattstrom LE, Hardebo JE, Hultberg BL. Moderate homocys-
teinemia: a possible risk factor for arteriosclerotic cerebrovascular 
disease. Stroke 1984; 15:1012-1016. 

55. Williams RR, Malinow MR, Hunt SC, et al. Hyperhomo-
cyst(e)inemia in U t a h siblings with early coronary artery disease. 
Coron Artery Dis 1990; 1:681-685. 

56. Arnesen E, Refsum H, Bonaa KH, Ueland PM, Forde OH, 
Nordrehaug JE. The Tromso Study: serum total homocysteine 
and myocardial infarction, a prospective study [abstract]. Pre-
sented at the 3rd International Conference on Preventive Cardi-
ology. Oslo, Norway: 1993. 

57. Stampfer MJ, Malinow MR, Willett WC, et al. A prospective 
study of plasma homocyst(e)ine and risk of myocardial infarction 
in U S physicians. J A M A 1992; 268 :877-881 . 

58. Dudman NPB, Wilcken DEL, Wang J, Lynch JF, Macey D, 
Lundberg P. Disordered methionine/homocysteine metabolism 
in premature vascular disease. Its occurrence, cofactor therapy, 

and enzymology. Arterioscler Thromb 1993; 13:1253-1260. 
59. Graham IM. Homocysteinaemia and vascular disease. In: Vuyl-

steek K, Hallen M, editors. Epidemiology. Commission of the 
European Community: Ios Press, 1994:332-353. 

60. Wu LL, Wu J, Hunt SC, et al. Plasma homocysteine as a risk 
factor for early familial coronary artery disease. Cl in C h e m 1994; 
40 : 552-561 . 

61. Pancharuniti N, Lewis CA, Säuberlich HE, et al. Plasma ho-
m o c y s t e i n e , folate, and vi tamin B12 concentrat ions and risk for 
ear ly-onset coronary artery disease. A m J C l i n N u t r 1994; 
59 :940-948 . 

62. Nordström M, Kjellström T. Age dependency of cysthathione 
beta-synthase activity in human fibroblasts in homocyst(e)inemia 
a n d a the rosc le ro t i c vascular disease. Atherosc leros is 1992; 
94 :213-221 . 

63. Daly L, Robinson K, Tan KS, Graham IM. Hyperhomocystei-
naemia: a metabolic risk factor for coronary artery disease deter-
mined by both genetic and environmental influences? Q J Med 
1993; 86 :685-689 . 

64. Bergmark C, Mansoor MA, Swedenborg J, de Faire U, Svardal 
AM, Ueland PM. Hyperhomocysteinemia in patients operated 
for lower extremity ischaemia below the age of 50—effect of 
smoking and extent of disease. Eur J Vase Surg 1993; 7 :391-396. 

65. Heinecke JW, Kawamura M, Suzuki L, Chait A. Oxidat ion of 
low density lipoprotein by thiols: superoxide-dependent and—in-
dependent mechanisms. J Lipid Res 1993; 34 :2051-2060. 

66. Robinson K, editor. Homocysteinaemia and vascular disease. 
Luxembourg: Commission of the European Communities, 1990. 

67. Rubba P, Faccenda F, Pauciullo P, et al. Early signs of vascular 
disease in homocystinuria: a noninvasive study by ultrasound 
methods in eight families with cystathionine ß-synthase defi-
ciency. Metabolism 1990; 39:1191-1195. 

68. Barber GW, Spaeth GL. Pyridoxine therapy in homocystinuria. 
Lancet 1967; 1:337-339. 

69. Carey MC, Donovan DE, FitzGerald O, McAuley FD. Homo-
cystinuria. I. A clinical and pathological study of nine subjects in 
six families. A m J Med 1968; 45 : 7 -25 . 

70. Wilcken DEL, Gupta VJ, Betts AK. Homocysteine in the 
plasma of renal t ransplant recipients: effects of cofactors for 
methionine metabolism. Cl in Sei 1981; 61 :743-749 . 

71. Brattstrom LE, Israelsson B, Jeppsson J-O, Hultberg BL. Folic 
a c i d — a n innocuous means to reduce plasma homocysteine. 
Scand J Cl in Lab Invest 1988; 48 :215-221 . 

72. Franken DG, Boers GHJ, Blom HJ, Trijbels FJM, Kloppenborg 
P W C . Treatment of mild hyperhomocysteinemia in vascular dis-
ease patients. Arterioscler Thromb 1994; 14:465-470. 

73. Saltzman E, Mason JB, Jacques PF, et al. B12 vitamin supple-
menta t ion lowers homocysteine levels in heart disease [abstract]. 
C l in Res 1994; 42 : 172A. 

74- Ryan M, Robinson K, Clarke R, et al. Vitamin B6 and folate 
reduce homocysteine concentrat ions in coronary artery disease 
[abstract]. Ir J Med Sei 1993; 162:197. 

75. Malinow MR, Nieto FJ, Szklo M, Chambless LE, Bond G. 
Carotid artery intimal-medial wall thickening and plasma homo-
c y s t e i n e in asymptomatic adults. The atherosclerosis risk in 
communities study. Circulation 1993; 87 :1107-1113. 

76. Chauveau P, Chadefaux B, Coudé M, et al. Hyperhomocyste-
inemia, a risk factor for atherosclerosis in chronic uremic patients. 
Kidney Int 1993; 43(Suppl 41 ) :s72-s77. 

77. Berger PB, Jones JD, Olson LJ, et al. Plasma homocysteine 
levels rise following cardiac transplantation. J A m Coll Cardiol 
1994; 23 :163A. 

78. Kang S-S, Passen EL, Ruggie N, Wong PWK, Sora H. Ther-
molabile defect of methylenetetrahydrofolate reductase in coro-
nary artery disease. Circulation 1993; 8 :1463-1469. 

79. Kang S-S, Wong PWK, Susmano A, Sora J, Norusis M, Ruggie 
N. Thermolabile methylenetetrahydrofolate reductase: an in-
herited risk factor for coronary artery disease. A m J Hum Gene t 
1991;48 :536-545 . 

NOVEMBER • DECEMBER 1994 CLEVELAND CLINIC JOURNAL OF MEDICINE 4 4 9 

 on July 28, 2025. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


R O B I N S O N A N D A S S O C I A T E S 

80. Seihub J , Jacques PF, Wilson PWF, Rush D, Rosenberg I H . 
Vitamin status and intake as primary determinants of homocyste-
inemia in an elderly population. J A M A 1993; 2 7 0 : 2 6 9 3 - 2 6 9 8 . 

81. Genest J J , McNamara J R , Upson B , et al. Prevalence of famil-
ial hyperhomocyst(e)inemia in men with premature coronary ar-
tery disease. Arterioscler Thromb 1991; 1 1 : 1 1 2 9 - 1 1 3 6 . 

82. Kraus JP, Le K, Swaroop M, et al. Human cystathionine beta-
synthase c D N A : sequence, alternative splicing and expression in 
cultured cells. Hum Mol Genet 1993; 2 : 1 6 3 3 - 1 6 3 8 . 

83. H u F L , G u Z, Kozich V, Kraus JP, Ramesh V, Shih V E . Mo-
lecular basis of cystathionine ß-synthase deficiency in pyridoxine 
responsive and nonresponsive homocystinuria. Hum Mol G e n 
1993; 2 : 1 8 5 7 - 1 8 6 0 . 

84. Goyette P, Sumner J S , Milos R , Duncan A M V , Rosenblatt D S , 
Matthews R G , Rozen R . Human methylenetetrahydrofolate re-
ductase: isolation of c -DNA, mapping and mutation identifica-
tion. Nature Genetics 1994; 7 ( 2 ) : 1 9 5 - 2 0 0 . 

85. Robinson K, Tan K S , Graham I M . Homocysteine. In: Gold-
bourt U , de Faire U, Berg K, editors. Genet ic factors in coronary 
heart disease. Dordrecht: Kluwer, 1994-

Concise, current, 
critical information 
on the medical 
problems you 
encounter 
in your practice 

450 CLEVELAND CLINIC JOURNAL OF MEDICINE VOLUME 61 • NUMBER 6 

 on July 28, 2025. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/

