
Homocysteine and Cardiovascular Risk: Considering the Evidence in
the Context of Study Design, Folate Fortification, and

Statistical Power

The hypothesis that moderately increased plasma total
homocysteine (tHcy) concentrations are causally related
to cardiovascular disease (CVD) originated from observa-
tions of vascular disease in patients with homocystinuria
(1 ). tHcy concentrations are �10-fold higher in patients
with untreated homocystinuria than in the general popu-
lation, and these patients often suffer from CVD in early
life. Homocystinuria may arise from one of several rare
defects in genes involved in methionine metabolism,
resulting in high tHcy concentrations, with cystathionine
�-synthase (CBS gene) deficiency being the most com-
mon. In responsive cases of homocystinuria, dietary sup-
plementation with B-vitamins and betaine is remarkably
effective at lowering plasma tHcy concentrations and
decreasing the risk of CVD (2 ). In addition to suggesting
that extremely high tHcy concentrations may be causally
related to CVD in affected individuals with homocystin-
uria, McCully also suggested that moderately increased
tHcy concentrations may be related to CVD risk in the
general population (1 ).

A single discrete mechanism of vascular injury has not
been identified, but high homocysteine may have adverse
effects on platelet function and clotting factors and may
increase vascular smooth muscle cell proliferation. Fur-
thermore, increased homocysteine concentrations pro-
voke endothelial dysfunction, possibly mediated by oxi-
dative stress or interference with nitric oxide function
(3, 4).

Over the last 3 decades, many observational epidemio-
logical studies have reported associations between in-
creased tHcy concentrations and risk of coronary heart
disease (CHD) and stroke (5 ). Although results of pro-
spective cohort studies (in which blood for tHcy determi-
nation was collected before the onset of disease) have
been weaker and more inconsistent than those of retro-
spective studies (in which the blood was collected after
the onset of disease), prospective studies are more reliable
because they are not vulnerable to bias due to the effect of
disease on tHcy (“reverse causality”) and because they
control for confounding from established risk factors. A
metaanalysis of prospective studies reported that after
adjustment for established risk factors for CVD, a 25%
lower plasma tHcy concentration was associated with an
11% lower risk of CHD and a 19% lower risk of stroke (5 ).

The strength of the association of tHcy with CHD and
stroke observed in prospective studies is consistent with
that observed in the so-called Mendelian randomization
studies (6–11), which investigated the CVD risk associ-
ated with the methylenetetrahydrofolate reductase
(MTHFR) 677 C-�T polymorphism. The design of the
Mendelian randomization studies exploits the fact that
homozygosity for the variant allele (TT genotype), which
occurs at a rate of �10% in most ethnic groups, leads to

25% higher tHcy concentrations than occur in individuals
with the common genotype (CC). This approach should
not be affected by reverse causality bias or confounding
due to other factors affecting tHcy concentrations. How-
ever, as additional evidence on MTHFR and CVD risk has
accrued in more recent years, results of individual studies
have shown greater heterogeneity (6–11). A metaanalysis
of 80 studies involving 26 000 CHD cases (8 ) reported
strong associations of MTHFR with risk of CHD in Asian
and Middle Eastern populations, whereas the associations
in Europe, Australia, and North America attenuated to-
ward the null (8 ). Stronger associations and less hetero-
geneity were observed in the studies of MTHFR and risk
of stroke. A metaanalysis of 111 studies involving 6324
stroke cases reported that persons with the TT genotype
had a 26% higher risk of stroke than did those with the CC
genotype (9 ). Another recent metaanalysis on MTHFR
and stroke found an additive influence of T-allele dose on
risk. In examining the consistency of the results across
ethnic groups as a proxy of folate status, the same
metaanalysis found the strongest associations in Euro-
pean and Asian studies, whereas a similar trend among
North American studies did not reach statistical signifi-
cance (10 ). This geographic variation in the association of
MTHFR 677C-�T polymorphism with CHD and stroke
risk may reflect the difference in tHcy concentrations
between the MTHFR genotypes and decreased effects in
more folate-replete populations (11 ), but it may also be
related to effect modification by other B-vitamins in
addition to folate (12 ).

Dietary supplementation with B-vitamins that lower
plasma tHcy concentrations (13 ) is expected to lower risk
of CVD, and in the late 1990s, several large-scale trials of
B-vitamin supplementation in people with prior stroke or
CHD or renal disease were designed to test the homocys-
teine hypothesis of CVD (14–16). One of the earliest trials
addressing this question involved 3318 individuals in
Northern China (17 ), a population with a low folate
status. In this study, multivitamin supplementation con-
taining B-vitamins was associated with a 47% decrease in
stroke risk (17 ). Among the ongoing large-scale random-
ized trials (involving more than 1000 participants) that
were initiated in Western countries, the results of 4 trials
[Vitamin Intervention for Stroke Prevention (VISP) (18 ),
the Norwegian Vitamin (NORVIT) trial (19 ), Heart
Outcomes Prevention Evaluation-2 (HOPE-2) trial (20 )
and the Second Cambridge Heart Antioxidant Study
(CHAOS-2)] have been published. Two of these trials
(NORVIT and CHAOS-2) were conducted in populations
without folic acid fortification and investigated the effects
of folic acid and vitamin B12 alone or in combination with
vitamin B6. Metaanalysis of all completed trials involving
16 958 CVD patients reported relative risks associated
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with folic acid supplementation compared with controls
of 1.04 (95% CI, 0.92–1.17) for CHD and 0.86 (95% CI,
0.71–1.04) for stroke (16 ). Thus, the latter metaanalysis
demonstrated that lowering tHcy did not decrease the
risk of CHD or stroke, but the CIs are still consistent with
a 10% lower risk of CHD and 20% lower risk of stroke
predicted by the prospective cohort studies (14–16). Sev-
eral ongoing trials with large sample sizes may provide a
definitive answer. A metaanalysis of all available data
from ongoing and completed trials involving almost
50 000 participants should have sufficient statistical
power to confirm or refute the hypothesis (15 ).

In addition to being criticized for lack of power, inter-
pretation of the VISP trial has been considered question-
able because the null results may have been confounded
by vitamin B12 deficiency (20 ). A post hoc analysis of a
subgroup of 2155 patients in the VISP, excluding study
participants likely to have vitamin B12 malabsorption
(vitamin B12 �25th percentile) and those receiving vita-
min B12 supplements (vitamin B12 above 95th percentile)
revealed that patients receiving B-vitamins had a signifi-
cant decrease of stroke and CHD (21 ). In the HOPE-2 trial,
patients given B-vitamins not only had a significantly
decreased risk of stroke but also showed a modest de-
crease in composite primary outcome, which became
apparent after 3 years of intervention (20 ).

A population-based cohort study with a quasi-experi-
mental design compared the decrease in stroke mortality
in the United States and Canada, where folic acid fortifi-
cation was fully implemented in 1998, with the decrease
in England and Wales, where folic acid fortification is not
used. The decrease of stroke mortality accelerated after
1998 in the fortified population but not in the nonfortified
population (22 ). The authors attributed the decrease in
stroke mortality to folic acid fortification, which also is
believed to explain the postfortification decrease in neural
tube defects known to be prevented by folic acid.

In the current issue of Clinical Chemistry, 2 separate
studies provide important new evidence about the public
health relevance of MTHFR and increased tHcy (23, 24).
Bathum et al. analyzed tHcy and MTHFR polymorphisms
in 1206 Danish twin pairs (23 ). The Danish study reported
that the MTHFR 677 C-�T polymorphism could explain
half the variance in tHcy concentrations in people
younger than 40 years, one quarter of the variance in tHcy
concentrations at older ages, and almost all the heritabil-
ity of plasma tHcy, confirming the importance of MTHFR
as major determinant of tHcy concentrations in nonforti-
fied populations (23 ). Zee et al. (24 ) reported associations
of CVD risk with tHcy, MTHFR 677C-�T genotype, and
dietary intake of B-vitamins in a well-designed, large,
prospective study of 25 000 healthy women enrolled in
the Women’s Health Study that was carried out in North
America between 1992 and 2005. In a 10-year follow-up,
there were 812 incident CVD events. Although tHcy
concentrations were associated with a 2-fold higher risk of
CVD when comparing top with bottom quintiles, this
association was almost completely attenuated after ad-
justment for established CVD risk factors, including so-

cioeconomic status. Moreover, there was no association
between the MTHFR polymorphism and risk of CVD in
this population. Interestingly, the prevalence of hyperten-
sion was proportional to the number of T-alleles. Never-
theless, the power of this study, which is proportional to
the tHcy difference between TT and CC genotypes and to
the number of CVD cases rather than the total number of
individuals studied, is substantially less than the power of
the metaanalyses of MTHFR and CHD or stroke that had
previously reported no associations in North American
populations. The Women’s Health Study provides con-
vincing evidence that increased tHcy or MTHFR 677C-�T
polymorphisms are not important risk factors for CVD in
healthy middle-aged women mainly recruited from a
population after the introduction of mandatory folic acid
fortification.

In conclusion, investigations of B-vitamin–responsive ho-
mocystinuria indicate that severe hyperhomocysteinemia
is causally related to CVD, and plausible mechanisms
have been reported that could explain the influence of
hyperhomocysteinemia on the development of vascular
lesions. Prospective cohort and Mendelian randomization
studies suggest that a moderate increase of plasma tHcy
concentration is a modest risk factor for CHD and a
somewhat stronger risk factor for stroke, at least in
nonfortified populations. Completed trials investigating
secondary intervention with tHcy-lowering B-vitamins
have demonstrated no CVD risk decrease in patients with
established vascular disease who were undergoing inten-
sive conventional treatment. However, it is important to
defer judgment on the clinical and public health relevance
of the “homocysteine hypothesis” until the results of the
additional ongoing trials of B-vitamins are available (15 ).
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