
Are we losing homocysteine as a cardiovascular risk factor?
About 12 y ago, some pioneering publications reported
an association between hyperhomocysteinemia and athero-
sclerosis [1]. This association was extraordinarily appealing
because this new cardiovascular disease risk factor de-
pended on folate and vitamin B12 nutrition. Therefore,
reductions in homocysteine concentrations could be easily
achieved through supplementation with folate and vitamin
B12. Soon, new studies in adults showed a close association
between homocysteine concentrations and mortality caused
by cardiovascular diseases [2].

As always happens, however, it was not long before
doubts were raised about the real value of this easily man-
aged cardiovascular disease risk factor. The first obvious
doubt was whether homocysteine was the real risk factor or
merely a marker of vitamin B6, vitamin B12, and folate
deficiencies and whether deficiencies of these vitamins were
the real arterial-damaging agents. The second doubt was the
lack of demonstration, in prospective trials, that lowering
homocysteine is associated with a decrease in cardiovascu-
lar events or mortality.

With respect to the real toxicity of homocysteine, some
have postulated that the modification by homocysteine of
low-density lipoproteins could enhance the endothelial-
damaging effects of these particles [3]. In this issue of
Nutrition, Su et al. [4] report a series of in vitro studies in
which they show that homocysteine, when incubated with
human monocytes, induces mRNA and protein expressions
of inflammatory cytokines, such as tumor necrosis factor-�
and several interleukins, and reduces the expression of the
migration inhibitory factor. Although the experiments were
carefully done and show the effects of homocysteine at the
transcription, translation, and protein expression levels, the
reader experiences some concern about the translation of
these results to clinical practice. Most of the effects were
shown with homocysteine concentrations of at least 25
�g/mL. This corresponds to 185 �M, whereas the range of
homocysteine concentrations that we normally observe in
adult patients with hyperhomocysteinemia rarely, if ever,
exceeds 40 �M. Even in patients with homocystinuria,
mean homocysteine concentrations range from 130 to 140
�M [5]. Therefore, the results of Su et al. are difficult to
extrapolate to clinical situations.

If we take into account the concentration problem, the

possibility that homocysteine per se generates an inflamma-
tory response could be an interesting pathogenic mechanism
for endothelial dysfunction. Clinically, there are reports
showing that hyperhomocysteinemia is associated with ab-
normal vascular reactivity, but these effects cannot be sep-
arated from those of folate or vitamin B12 deficiency.
However, we have not been able to show that hyperhomo-
cysteinemia is associated with altered endothelium-depen-
dent vascular reactivity in young subjects or that endothelial
function is modified by folate supplementation [6]. In the
elderly, we have observed that homocysteine alters vascular
reactivity only when there is a concomitant folate depletion
[7,8]. Other reports have shown that tetrahydrofolate infu-
sions acutely modify vascular reactivity without modifying
homocysteine concentrations [9]. A recent clinical trial
showed that 6 mo of supplementation with folic acid, vita-
min B12, and pyridoxine had no effects on markers of
endothelial inflammation, endothelial dysfunction, or hyper-
coagulability despite significant reductions in homocysteine
concentrations [10].

In another line of thought, several in vitro studies have
shown that homocysteine causes oxidative stress and alters
the vasoactive properties of cultured endothelial cells,
thereby impairing the production or bioavailability of vaso-
active mediators such as endothelin-1, nitric oxide, and
prostacyclin [11–13]. However, those results were obtained
with homocysteine concentrations higher than 200 �M in
the culture medium, and such high concentrations may be
deleterious to the endothelial cell. In contrast, other inves-
tigators support the hypothesis that high concentrations of
homocysteine cause reductive rather than oxidative stress,
because homocysteine inhibits the expression of antioxidant
enzymes [14]. We showed that homocysteine at concentra-
tions lower than 100 �mol/L has no effect on thiobarbituric
acid–reactive substances produced in the endothelial cell
system. In contrast, when copper ions were used to initiate
oxidation, homocysteine in concentrations of 15 and 100
�mol/L reduced the generation of lipid peroxides after 60 to
120 min of incubation. The antioxidant properties of homo-
cysteine may be explained by the free radical–scavenging
properties of thiol groups [15].

The results of the long-awaited clinical trials measuring
the effects of folate supplementation on cardiovascular
events are even more disappointing. A large, randomized,

controlled trial performed in 3680 adults to study the effects
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f folate, vitamin B12, and pyridoxine supplementation on
he risk of recurrent stroke found no positive clinical effect,
espite a mean reduction of 2 �mol/L in homocysteine
oncentrations. A dim light of hope remains, however, be-
ause even though the supplementation had no effect, basal
omocysteine concentrations were predictive of recurrent
trokes [16].

The results of another supplementation study of patients
ho underwent angioplasty with stent placement were even
ore disappointing. That study enrolled 636 patients to

eceive supplementation with folate, vitamin B12, and pyr-
doxine in a double-blind fashion for 6 mo [17]. At the end
f the observation period, the degree of restenosis was
reater in the supplemented patients than in those who
eceived placebo. The sad conclusion is that the two most
ecent prospective trials have not shown positive effects of
itamin supplementation on cardiovascular events or, even
orse, have shown negative effects.
The hope for the future is that high homocysteine con-

entrations, more than a pathologic condition per se, are a
ood marker of deficiency of those vitamins involved in
ne-carbon transfer and that this defect may have negative
ffects on many targets. Currently, there is great interest in
he consequences of acquired methylation defects in DNA
nd the resulting changes in gene expression [18]. A good
eal of evidence suggests that demethylation of promoter
egions of DNA could unmask oncogenes and increase the
ncidence of certain types of cancer [19]. Other lines of
nvestigation are exploring the effects of methylation de-
ects on cognitive function [20] or alcoholic liver disease
21]. Methylation may also play a role in vascular reactivity
nd vascular remodeling, and this may explain the associ-
tion between hyperhomocysteinemia and atherosclerosis.

Daniel Bunout, M.D.
Sandra Hirsch, M.D., M.Sc.

Institute of Nutrition and Food Technology
University of Chile

Santiago, Chile

eferences

[1] Selhub J, Jacques PF, Bostom AG, D’Agostino RB, Wilson PW,
Belanger AJ, et al. Association between plasma homocysteine con-
centrations and extracranial carotid-artery stenosis. N Engl J Med
1995;332:286–91.

[2] Nygård O, Nordrehaug JE, Refsum H, Ueland PM, Farstad M, Vollset
SE. Plasma homocysteine levels and mortality in patients with cor-
onary artery disease. N Engl J Med 1997;337:230–7.

[3] Vignini A, Nanetti L, Bacchetti T, Ferretti G, Curatola G, Mazzanti
L. Modification induced by homocysteine and low-density lipopro-
tein on human aortic endothelial cells: an in vitro study. J Clin
Endocrinol Metab 2004;89:4558–61.

[4] Su SH, Huang LW, Pai LS, Liu HW, Chang KL. Homocysteine at

pathophysiologic concentrations activates human monocyte and in-
duces cytokine expression and inhibits macrophage migration
inhibitor factor expression. Nutrition 2005;21:994–1002.

[5] Yap S, Boers GH, Wilcken B, Wilcken DE, Brenton DP, Lee PJ, et
al. Vascular outcome in patients with homocystinuria due to cysta-
thionine beta-synthase deficiency treated chronically: a multicenter
observational study. Arterioscler Thromb Vasc Biol 2001;21:2080–5.

[6] Hirsch S, Pia De la Maza M, Yanez P, Glasinovic A, Petermann M,
Barrera G, et al. Hyperhomocysteinemia and endothelial function in
young subjects: effects of vitamin supplementation. Clin Cardiol
2002;25:495–501.

[7] Hirsch S, de la Maza P, Mendoza L, Petermann M, Glasinovic A,
Paulinelli P, et al. Endothelial function in healthy younger and older
hyperhomocysteinemic subjects. J Am Geriatr Soc 2002;50:1019–23.

[8] Hirsch S, Ronco AM, Vasquez M, de la Maza MP, Garrido A, Barrera
G, et al. Hyperhomocysteinemia in healthy young men and elderly
men with normal serum folate concentration is not associated with
poor vascular reactivity or oxidative stress. J Nutr 2004;134:1832–5.

[9] Verhaar MC, Wever RM, Kastelein JJ, van Dam T, Koomans HA,
Rabelink TJ. 5-Methyltetrahydrofolate, the active form of folic acid,
restores endothelial function in familial hypercholesterolemia. Circu-
lation 1998;97:237–41.

10] Dusitanond P, Eikelboom JW, Hankey GJ, Thom J, Gilmore G, Loh
K, et al. Homocysteine-lowering treatment with folic acid, cobalamin,
and pyridoxine does not reduce blood markers of inflammation,
endothelial dysfunction, or hypercoagulability in patients with previ-
ous transient ischemic attack or stroke: a randomized substudy of the
VITATOPS Trial. Stroke 2005;36:144–6.

11] Deuth K, Atger V, Borderie D, Benoit MO, Sauvaget D, Lotersztajn
S, et al. Homocysteine decreases endothelin-1 production by cultured
human endothelial cells. Eur J Biochem 1999;263:367–76.

12] Zhang X, Li H, Jin H, Ebin Z, Brodsky S, Goligorsky MS. Effects of
homocysteine on endothelial nitric oxide production. Am J Physiol
Renal Physiol 2000;279:F671–8.

13] Wang J, Dudman NP, Wilcken DE. Effects of homocysteine and
related compounds on prostacyclin production by cultured human
vascular endothelial cells. Thromb Haemost 1993;70:1047–52.

14] Outinen PA, Sood SK, Liaw PC, Sarge KD, Maeda N, Hirsh J, et al.
Homocysteine-dependent alterations in mitochondrial gene expres-
sion, function and structure. Biochem J 1998;332:213–21.

15] Ronco AM, Garrido A, Llanos MN, Guerrero-Bosagna C, Tamayo D,
Hirsch S. Effect of homocysteine, folates and cobalamin on endothe-
lial cell- and copper-induced LDL oxidation. Lipids 2005;40:259–
64.

16] Toole JF, Malinow MR, Chambless LE, Spence JD, Pettigrew LC,
Howard VJ, et al. Lowering homocysteine in patients with ischemic
stroke to prevent recurrent stroke, myocardial infarction, and death.
The Vitamin Intervention for Stroke Prevention (VISP) Randomized
Controlled Trial. JAMA 2004;291:565–75.

17] Lange H, Suryapranata H, De Luca G, Börner C, Dille J, Kallmayer
K, et al. Folate therapy and in-stent restenosis after coronary stenting.
N Engl J Med 2004;350:2673–81.

18] Rampersaud GC, Kauwell GP, Hutson AD, Cerda JJ, Bailey LB.
Genomic DNA methylation decreases in response to moderate folate
depletion in elderly women. Am J Clin Nutr 2000;72:998–1003.

19] Piyathilake CJ, Johanning GL, Macaluso M, Whiteside M,
Oelschlager DK, Heimburger DC, et al. Localized folate and vitamin
B-12 deficiency in squamous cell lung cancer is associated with
global DNA hypomethylation. Nutr Cancer 2000;37:99–107.

20] Selhub J, Bagley LC, Miller J, Rosenberg IH. B vitamins, homocys-
teine, and neurocognitive function in the elderly. Am J Clin Nutr
2000;71:614S–620S.

21] Halsted CH, Villanueva JA, Devlin AM, Niemela O, Parkkila S,
Garrow TA, et al. Folate deficiency disturbs hepatic methionine
metabolism and promotes liver injury in the ethanol-fed micropig.

Proc Natl Acad Sci USA 2002;99:10072–7.


