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Homocysteine: An Emerging Cardiovascular Risk Factor that Never
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Abstract: Serum total homocysteine (tHcy) has been implicated in promoting venous thromboembolic events and athero-
sclerosis, manifested as coronary heart disease, stroke or peripheral arterial disease. Dietary supplementation with B vita-
mins that lower tHcy concentrations was expected to reduce cardiovascular disease (CVD) risk. However, recent meta-
analyses of prospective observational studies and randomized controlled trials failed to show a role of tHcy in the patho-
genesis of vascular disease or a benefit of B vitamins in CVD events. This review analyzes recent data on the potential of
tHcy to cause health problems (if any) and the role of vitamin B supplementation in preventing them.
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A.INTRODUCTION

A role of homocysteine (Hcy), a product of methionine
metabolism, in the pathogenesis of coronary artery disease
(CAD) was first suggested in 1969 [1], when McCully pro-
posed that Hcy causes arterial and venous atherothrombotic
disease. His hypothesis was based on rare genetic disorders
associated with extremely elevated plasma total Hey (tHcy)
concentrations, homocystinuria and premature atherothrom-
botic disease [1]. These conditions provided a model for vas-
cular injury associated with exposure to high tHcy concen-
trations. Data from observational studies, meta-analyses [2-
9] and studies using surrogate end-points [10,11] suggested
that an elevated plasma tHcy concentration promotes athero-
sclerosis and thrombotic vascular disease and is associated
with an increased risk of myocardial infarction (MI) and
stroke. The issue was whether or not tHcy is a modifiable
causal risk factor for cardiovascular disease (CVD) or simply
a marker of risk burden [10]. Recently, the Study of the Ef-
fectiveness of Additional Reductions in Cholesterol and
Homocysteine (SEARCH), a large, long-term (7 years), pro-
spective, randomized, double-blind, placebo-controlled trial
with a 2 by 2 factorial design [12,13] and meta-analyses of
smaller prospective observational studies and randomized
controlled trials [14] have failed to establish a role for tHcy
as a causal risk factor for atherothrombotic vascular disease.
Results of SEARCH suggest that tHcy lowering does not
affect the risk for vascular events and there was no benefit in
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any of the analysed subgroups [12,13]. Thus, tHcy does not
appear to be a therapeutic target.

However, an analysis of available data on tHcy effects on
clinical manifestations of atherothrombosis (if any) is neces-
sary in order to devise pharmacological interventions accord-
ingly or to abandon monitoring tHcy altogether.

B. SEARCH METHODS

A literature search (using PubMed) was performed using
the following key words: “homocysteine”, “coronary heart
disease”, “cardiovascular disease”, “stroke”, “morbidity”,
“mortality”, “risk”, “thrombosis”, “venous thromboem-
bolism”, “heart failure”, “peripheral arterial disease”, “coro-
nary artery bypass graft surgery” and “dementia” up to 15
March 2009. The authors also manually reviewed the refer-

ences of retrieved articles for any pertinent material.

C. PATHOPHYSIOLOGY OF THE EFFECTS OF tHcy
ON ATHEROSCLEROSIS AND THROMBOSIS

Hcy is a sulfur-containing intermediate product of the
metabolism of methionine (an essential amino acid) [1].
When methionine is in excess, Hcy is directed to the trans-
sulfuration pathway, where it is metabolized to cys-
tathionine, thereafter to cysteine and ultimately to inorganic
sulfate. The enzyme cystathionine beta-synthase (CBS) is
essential in the transsulfuration pathway, as is vitamin Bg,
which acts as a co-factor. However, under conditions of
negative methionine balance tHcy is primarily metabolized
through a methionine-conserving remethylation pathway,
which involves the enzymes methionine synthase and meth-
ylene tetrahydrofolate reductase (MTHFR) and several B
vitamins, namely B;,, folate (a methyl group donor), B, and
Bs [14]. Folic acid, vitamin By, and vitamin Bg deficiency
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and reduced enzyme activities result in decreased Hcy
breakdown and increased intracellular Hcy concentration
[15].

In the plasma, about 70% of Hcy is protein bound, almost
30% is bound to other Hcy or cysteine molecules to form
disulfides and about 1% is present as free Hey. tHcy reflects
the combined pool of circulating Hey and is measured in the
fasting state. Post-methionine loading tHcy levels are more
accurate [14]. Hyperhomocysteinemia (defined as tHcy lev-
els >15 pmol/l) is common and can occur in healthy indi-
viduals but also in the presence of deficiencies of B vita-
mins, increased consumption of methionine-rich animal pro-
teins, increasing age, smoking, postmenopausal state, seden-
tary lifestyle, decreased renal function, or with less severe
genetic abnormalities of CBS or MTHFR [16,17]. Rare en-
zyme deficiencies such as methionine synthase deficiency or
defects of cobalamin metabolism, or mutations, such as ho-
mozygocity for CBS or MTHFR can cause severe hyperho-
mocysteinemia (fasting plasma tHcy levels > 100 umol/l)
[14].

Pro-atherogenic and pro-thrombotic effects of tHcy were
believed to be mediated through adverse effects on platelet,
endothelial and smooth muscle cell function, on redox bal-
ance and on methylation of genes (which alters their expres-
sion and function) [15]. The effects of tHcy on platelet func-
tion and thrombosis include stimulation of platelet throm-
boxane-A2, activation of factor V and interference with pro-
tein C activation, prostacyclin bioavailability and heparin
sulfate expression [18-20]. Effects on endothelial and
smooth muscle cell function include endothelial cell injury
and inhibition of DNA synthesis in vascular endothelial
cells, smooth muscle cell proliferation and intimal thickening
[21,22]. tHcy oxidizes low density lipoprotein (LDL) parti-
cles, promotes generation of free radicals, inhibits intracellu-
lar antioxidant enzymes, reduces the bioavailability of nitric
oxide (NO) and induces endothelial dysfunction [23,24]. At
the genetic level, tHcy alters the methylation status of genes
thus contributing to altered gene expression [25,26]. Ele-
vated Hcy levels were also associated with increased arterial
stiffness in hypertensive patients [27].

D. EFFECT OF HYPERHOMOCYSTEINEMIA ON
ADVERSE EVENTS AND THE POTENTIAL OF VI-
TAMIN B THERAPY TO REDUCE THE RISK FOR
THESE EVENTS

1. Venous Thromboembolism

Epidemiological data suggest an association between
tHey and venous thromboembolism (VTE), including deep
vein thrombosis and pulmonary embolism [28,29]. Retro-
spective case-control studies reported strong associations
between tHcy levels and VTE. In these studies, tHcy levels
were measured after the onset of the VTE events, so that it
could not be established whether the high tHcy concentra-
tions were the cause or the result of the VTE. A meta-
analysis of retrospective studies reported that a 5 pmol/l
higher tHcy concentration was associated with a 60% higher
risk for VTE [30].

The above data suggest that elevated tHcy might be asso-
ciated with a higher risk for VTE. Whether decreasing tHcy
levels with vitamin B therapy reduces the risk for VTE is
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still unclear. A secondary analysis of the Heart Outcomes
Prevention Evaluation (HOPE) 2 study (double-blind, pla-
cebo-controlled, randomized trial) addressed this question
[31]. HOPE 2 included 5,522 patients, 55 years or older,
with known CVD (83% of patients had a history of CAD) or
diabetes mellitus (DM) and at least 1 other vascular risk fac-
tor. Patients were on a daily supplement of 2.5 mg of folic
acid, 50 mg of vitamin B¢, and 1 mg of vitamin Bj, or
matching placebo for 5 years. The tHcy level decreased by
2.2 pmol/l in the vitamin therapy group and increased by
0.80 umol/l in the placebo group. VTE occurred in 88 par-
ticipants during a mean follow-up of 5 years [hazard ratio
(HR) 1.01 (95% confidence interval (CI), 0.66-1.53)]. The
incidence rate of VTE was the same in the vitamin therapy
group and the placebo group and vitamin therapy did not
reduce the risk for deep venous thrombosis, pulmonary em-
bolism or unprovoked VTE [HR 1.04 (95% CI, 0.63-1.72),
1.14 (95% CI, 0.57-2.28) and 1.21 (95% CI, 0.66-2.23), re-
spectively]. Therefore, decreasing tHcy levels with folic acid
and vitamins B¢ and B, did not reduce the risk for sympto-
matic VTE in this post hoc analysis of the HOPE 2 study
[31]. Similarly, the Vitamins and Thrombosis (VITRO) trial
[32], conducted in 701 patients after a first episode of unpro-
voked deep vein thrombosis or pulmonary embolism (secon-
dary prevention of VTE), found no convincing benefit for B
vitamin therapy in preventing recurrent VTE events. In
summary, the results of prospective randomized controlled
trials have failed to demonstrate conclusive benefits for
tHcy-lowering vitamin B therapy in the prevention of first or
recurrent VTE or pulmonary embolism.

2. Cardiovascular Disease

A common polymorphism of the gene encoding for the
MTHFR enzyme is the MTHFR 677 C—T gene variant.
Homozygosity for the variant allele, the TT genotype, which
is observed in about 10% in most ethnic groups, leads to
25% higher tHcy concentrations than in individuals with the
common CC genotype [14]. It is important to emphasize,
however, that folate levels modulate the effect of this poly-
morphism on CVD risk. Associations between this polymor-
phism and CVD risk should not be subject to reverse causal-
ity and should also be largely independent from confounding
by other CVD risk factors.

a. Observational Studies and their Meta-Analyses

A large number of observational studies evaluated the
association between the TT genotype and CAD or stroke
with conflicting results [4,16,17,33]. A large meta-analysis
of 26,000 cases and 31,183 controls [33] found a weak asso-
ciation of tHcy levels and CAD [odds ratio (OR) 1.14; 95%
CI, 1.05-1.24] for the TT versus the CC genotype [34]. The
heterogeneity of the studies analysed, mainly due to a very
wide global distribution of cohorts with deferent degrees of
folate intake, might have affected the results of this meta-
analysis. Another meta-analysis [6] comprising 6,324 cases
and 7,604 controls reported a possible causal link between
Hcy and stroke (OR 1.26; 95% CI, 1.14-1.40 for the TT ver-
sus the CC genotype). In a recent study in the general Chi-
nese population, elevated Hcy levels were associated with
increased risk for CAD events and all-cause mortality but
not with the risk for stroke [35]. In contrast, elevated Hcy
levels were associated with increased risk for stroke recur-



Homocysteine

rence and all-cause mortality in Chinese stroke survivors
[36].

b. Surrogate Endpoints

In a prospective, randomized, placebo-controlled trial,
including 103 patients with at least one CVD risk factor,
supplementation of folic acid (5 mg/day for 18 months) re-
duced carotid intima media thickness (cIMT) [11]. In con-
trast, another prospective, randomized, placebo-controlled
study showed that short-term treatment with B vitamins was
associated with increased flow-mediated dilation (FMD) but
long-term tHcy-lowering did not significantly improve FMD
or cIMT in patients with a history of stroke [10]. Thus, the
effects of tHcy lowering on surrogate end-points are also
conflicting.

c. Inflammatory Markers

tHcy-lowering might affect subclinical inflammation,
which is related to atherosclerosis [37,38]. In a recent study
[39] in patients with stable CAD, tHcy-lowering therapy
with folate, B12 and B6 did not affect circulating levels of
inflammatory markers [C-reactive protein (CRP) or soluble
CDA40 ligand].

d. Prospective, Randomized, Clinical Endpoint Trials

The Norwegian Vitamin (NORVIT) Trial evaluated the
efficacy of tHcy-lowering treatment with B vitamins for sec-
ondary prevention of CVD in 3,749 men and women who
had had an acute MI within 7 days before randomization
[40]. Patients were randomly assigned, in a 2 by 2 factorial
design, to receive one of 4 daily treatments: 0.8 mg of folic
acid, 0.4 mg of vitamin B,, and 40 mg of vitamin Bg; 0.8 mg
of folic acid and 0.4 mg of vitamin Bj,; 40 mg of vitamin Bg;
or placebo. The primary end point was a composite of recur-
rent MI, stroke and sudden death attributed to CAD [40].
After a median follow-up of 40 months, mean tHcy levels
were lowered by 27% among patients given folic acid plus
vitamin B, but such treatment had no significant effect on
the primary end point [relative risk (RR) 1.08; 95% CI, 0.93-
1.25; p = 0.31]. Also, treatment with vitamin B4 was not as-
sociated with any significant benefit (RR 1.14; 95% CI,
0.98-1.32; p = 0.09). In the group given folic acid, vitamin
Bi, and vitamin By, there was a trend toward an increased
risk (RR 1.22; 95% CI, 0.98-1.32; p = 0.05) [40]. Results of
the NORVIT trial suggest that treatment with B vitamins
does not lower the risk of recurrent CVD after acute MI, and
that combined B vitamin treatment might be associated with
a harmful effect [40].

Another analysis of the HOPE 2 Trial was published in
2006 [41]. In this study, despite tHcy lowering by 2.4
umol/l, there was no effect on the primary outcome (a com-
posite of CVD death, MI and stroke) [41]. In contrast, there
was a significant increase in the risk for hospitalization for
unstable angina by 24% (95% CI, 1.04-1.49; p = 0.02).
However, the risk for stroke was significantly reduced by
25% (95% CI, 0.59-0.97; p = 0.03) [41].

The Vitamin Intervention for Stroke Prevention (VISP), a
randomized controlled trial, was designed to determine
whether high doses of folic acid, B¢ and By, given to lower
tHey levels, reduce the risk of recurrent stroke over a 2-year
period compared with low doses of these vitamins [42].
3,680 patients with non-disabling cerebral infarction were
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enrolled at 56 university-affiliated hospitals, community
hospitals, private neurology practices and Veterans Affairs
medical centers in the United States, Canada and Scotland.
This trial showed that a moderate difference of tHey levels
between the 2 treatment groups (2 umol/l) had no effect on
vascular outcomes [42].

In the SEARCH trial, 12,064 MI survivors were random-
ized to either 20 mg or 80 mg of simvastatin daily for the
more vs less LDL-lowering comparison and to folic acid 2
mg plus vitamin By, 1 mg/day or placebo for the tHcy-
lowering comparison for a total of 7 years [12,13]. The pri-
mary end point was a composite of major coronary events,
stroke and revascularization. For the higher vs lower statin
dose comparison, there was a 14% further reduction in LDL
cholesterol levels [0.35 mmol/l (14 mg/dl)] in the intensive
arm compared with the 20 mg arm. However, there was no
difference in the primary end point between the groups:
1,477 events (24.5%) in the 80 mg simvastatin group vs
1,553 events (25.7%) in the lower-dose group (p = 0.10)
[12,13]. In the tHcy-lowering arm of SEARCH, there were
1,537 major vascular events in the folic acid/vitamin B, arm
vs 1,493 in the placebo arm (risk ratio 1.04) [12,13]. The
results of the SEARCH trial suggest that tHcy lowering does
not affect the risk of vascular events and this was observed
in all analysed subgroups [12,13]. Thus, the results of this
large, prospective, randomized, placebo-controlled, long-
term trial (7 years) suggests that tHcy lowering is not benefi-
cial for preventing CVD.

A possible exception might be CAD patients with end-
stage renal disease, in whom it seems that high tHcy is asso-
ciated with increased CAD mortality. In this population,
there was a 3% increase in CAD mortality with each increase
of 1 umol/L of tHcy [43]. This is in agreement with previous
findings showing an association between tHcy and CVD risk
factors in uremic patients [44]. However, CAD patients with
end-stage renal disease are a very different category of high
risk patients.

3. Congestive Heart Failure

Recently, tHcy has been reported to be increased in con-
gestive heart failure (CHF) patients with or without CAD,
potentially representing a risk marker or risk factor [45,46].
It was shown that high tHcy levels are associated with left
ventricular (LV) dysfunction [47]. This relationship was in-
dependent of CHF etiology and gender. Further research is
indicated to distinguish between a causal or noncausal
mechanism for this association. In the Multi-Ethnic Study of
Atherosclerosis (MESA), magnetic resonance imaging stud-
ies in 1,178 asymptomatic participants without CAD were
used to assess regional LV function [48]. The fully adjusted
model (considering traditional risk factors, race, height,
weight, LV end-diastolic mass/volume, serum creatinine and
measures of atherosclerosis) showed an association between
elevated tHcy and increased risk for reduced regional LV
systolic function in the left anterior descending area (HR
1.33; 95% CI, 1.04-1.70; p < 0.022), the left circumflex area
(HR 1.28; 95% CI, 1.00-1.64; p < 0.046) and the right coro-
nary artery area (HR 1.32; 95% CI, 1.03-1.69; p < 0.025)
[48]. Mechanistic studies of the role of hyperhomocysteine-
mia in CHF are rare. However, preliminary results suggest
that hyperhomocysteinemia causes adverse cardiac remodel-
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ling characterized by interstitial and perivascular fibrosis
resulting in increased myocardial stiffness. In addition, hy-
perhomocysteinemia seems to adversely affect myocardial
contractility [49,50]. The mechanisms leading from an ele-
vated tHcy level to reduced myocardial contractility and ad-
verse cardiac remodelling are a matter of speculation. Exist-
ing data indicate that direct effects of tHcy on the myocar-
dium as well as NO-independent vascular effects are in-
volved [49,50]. Preliminary data from small intervention
trials suggested that tHcy lowering might improve clinical
and laboratory markers of CHF [50]. Nevertheless, larger
intervention trials are needed to clarify whether modification
of plasma tHcy by B vitamin supplementation improves the
clinical outcome in CHF patients [50].

4. Post-Cardiac Surgery

Patients undergoing cardiac surgery are at significant risk
for serious adverse events, including MI, unstable angina,
stroke, mesenteric ischemia, deep vein thrombosis and pul-
monary embolism. These result in relatively high operative
and post-operative morbidity and mortality [51,52]. There
appears to be a relationship between pre-operative tHey lev-
els and short-term (30-day) [53] and long-term (2-years) [54]
postoperative CVD events in this high-risk group of CAD
patients.

A recent prospective study in 531 consecutive patients
undergoing cardiac operations [mainly coronary artery by-
pass graft surgery (CABG)] evaluated the association be-
tween pre-operative plasma tHcy levels with post-operative
morbidity and hospital mortality [53]. Elevated tHcy levels
(> 15 pumol/l) were observed in 209 patients (39.4%) and
hyperhomocysteinemia was associated with a higher mortal-
ity and peri-operative major morbidity (low cardiac output,
acute renal failure, mesenteric infarction and thromboem-
bolic events). In another prospective study (121 CAD pa-
tients undergoing CABG), preoperative tHcy levels were
significantly related to the combined end point of death, non-
fatal MI and bypass graft disease during a 2-year follow-up
[54].

There are also genetic data on CAD patients undergoing
CABG (MTHFR or C677 gene variants). In the genetic
substudy of the Medicine, Angioplasty or Surgery Study
(MASS) II [55], a significant (p = 0.007) association be-
tween the MTHFR TT genotype and CVD mortality was
observed during a S-year follow-up. This association was
significant (a 4.4 fold increased risk for CVD outcomes; p =
0.01) after adjustment for age, sex, hypertension, DM, LDL
cholesterol, high density lipoprotein cholesterol, triglyc-
erides and number of diseased vessels. In addition, there
appears to be a dynamic regulation of MTHFR gene expres-
sion during the arterialization process of human saphenous
vein grafts [56]. Moreover, the C677T MTHFR functional
variant was associated with a worse outcome in patients un-
dergoing CABG. Taken together, these data suggest a role
for tHey in CABG [56]. Another study assessed the relation-
ship between tHcy levels and mortality after CABG surgery
in 350 patients prospectively followed for 58 months [57].
After adjustment for statin therapy, high sensitivity CRP
levels, as well as genetic (MTHFR 677C—T polymorphism)
and non-genetic tHcy determinants (B vitamin status and
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renal function), tHcy was independently associated with
mortality (HR 5.02, 95% CI, 1.88-13.42, p=0.001) [57].

5. Peripheral Arterial Disease

Patients with peripheral arterial disease (PAD) have in-
creased mortality from CVD events compared with age- and
sex-matched controls [58,59]. Platelets play a major role in
atherothrombotic vascular events and platelet reactivity is
increased in patients with PAD compared with healthy con-
trols [59]. tHey appears to be implicated in endothelial dys-
function and haemostatic abnormalities [14]. It has been
shown that the presence of claudication alone does not influ-
ence platelet function but if mild hyperhomocysteinemia is
also present, platelet sensitivity to agonists is increased and
their sensitivity to inhibition is reduced [60]. The overall
effect would be an increased propensity for platelet activa-
tion. Thus, the presence of even mildly elevated plasma tHcy
in claudicants might increase thrombotic risk [60]. In sub-
jects with homozygous homocystinuria (where plasma tHcy
levels are 100-200 umol/l), increased circulating levels of
thromboxane B2 are observed and are reduced with aspirin
[61,62]. These findings suggest that higher plasma tHcy lev-
els may lead to increased platelet activity in vivo [61,62].

6. Dementia

High tHcy concentrations appear to be associated with a
greater risk for dementia and cognitive impairment without
dementia (CIND), related or not to vascular impairment, as
well as with Alzheimer’s disease (AD) [63]. Some cohort
studies suggested a relationship between elevated tHcy con-
centrations and a greater risk for AD or dementia [64,65]
whereas others did not find an association [66]. A prospec-
tive study (1,779 subjects, 60-101 years old, primarily Mexi-
can American Latinos who were residing in the Sacramento
Valley of California from 1997 to 1999) was undertaken to
evaluate the association between baseline plasma tHcy and
the 4.5-year combined incidence of dementia and CIND
[63]. tHcy was associated with a greater risk for dementia or
CIND independently of red blood cell folate concentration.
The association of tHcy and dementia or CIND might be
modified by plasma vitamin B, levels [63]. It is unclear
whether low vitamin By, or folate status was responsible for
the greater risk of dementia or cognitive decline associated
with elevated serum tHcy concentrations in these studies. It
is also unclear if B, or folate supplementation might have
beneficial effects on dementia independently of tHcy reduc-
tion [67].

E. CONCLUSIONS

Current evidence suggests that elevated tHcy levels are
not an independent CVD risk factor and that there is no need
for routine measurement of tHcy levels. Some rare genetic
disorders related to very high tHcy levels (> 100 pumol/l)
might justify vitamin B supplementation. However, in pri-
mary and secondary CAD disease prevention routine vitamin
B supplementation might prove to be dangerous, as observed
in the NORVIT [40] and HOPE 2 studies [41].
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