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Analysis and comment

Cardiovascular disease

Folic acid, homocysteine, and cardiovascular disease:
judging causality in the face of inconclusive trial evidence
David S Wald, Joan K Morris, Malcolm Law, Nicholas ] Wald

Increasing intake of folic acid would be a relatively cheap and simple way of reducing heart disease,
if it works. Can we draw a definitive conclusion from the current evidence?

Debate remains over whether raised serum homo-
cysteine concentrations cause ischaemic heart disease
and stroke and whether folic acid, which lowers homo-
cysteine, will help reduce the risk of these disorders.
Different groups of researchers have used the same
evidence to reach opposite conclusions.' * We examine
why the differences have occurred and draw conclu-
sions using evidence from the various types of study
used to investigate the relation.

Cohort studies

Meta-analyses of cohort studies show significant
positive associations between serum homocysteine
concentrations and ischaemic heart disease events
(fatal and non-fatal myocardial infarction and sudden
cardiac death) and stroke. A 3 umol/l decrease in
serum homocysteine (achievable with 0.8 mg/day folic
acid) lowers the risk of myocardial infarction by 15%
and stroke by 24%." * These estimates were adjusted for
confounding by other cardiovascular risk factors.

Evidence from patients with
homocystinuria

Lowering homocysteine concentrations has been
shown to have a large effect on cardiovascular disease
risk in patients with homocystinuria. Untreated people
who are homozygous for this rare genetic disorder
have homocysteine concentrations about five times
above the average for unaffected people and about a
50% chance of a vascular event by age 30." In two stud-
ies, homozygous patients taking treatment to reduce
homocysteine concentrations had only two vascular
events when 59 would have been expected from previ-
ous observations in untreated patients.”® Although
these were not randomised trials, selection bias is
unlikely to explain so large a difference. The absence of
a threshold in the dose-response relation between
homocysteine and cardiovascular disease over a wide
range’ ’ suggests that lowering moderately raised
homocysteine concentrations would also have a
preventive effect.

Evidence from genetic polymorphism
studies

Moderately raised homocysteine concentrations occur
as a result of a mutation in the methylenetetrahydro-
folate reductase gene (MTHFR). A base pair substitu-
tion of cytosine for thymidine reduces the activity of
the enzyme. People who are homozygous for the
mutant gene (TT) have homocysteine concentrations
about 25% higher than people who are homozygous
for the normal gene (CC),' although the effect varies
between populations because it is dependent on
environmental factors such as dietary folate® The
mutation is common (about 10% of people are TT)' so
it has been possible to study the risk of ischaemic heart
disease and stroke in people with and without the
mutation. These genetic studies avoid the confounding
that could affect cohort studies; people with and with-
out the mutation would not be expected to differ in
other cardiovascular risk factors, and direct observa-
tion indicates that they do not.'® The studies are, in
effect, natural randomised experiments, capable of
testing whether moderately raised homocysteine
causes ischaemic heart disease and stroke.

Two meta-analyses published in 2002 showed that
TT homozygotes (with higher homocysteine concen-
trations) had about a 20% excess risk of ischaemic
heart disease (P<<0.001)."'*® Both groups interpreted
their results as indicating causality, as did the authors of
another meta-analysis, showing about a 25% excess
risk of stroke.” In 2005 Lewis and colleagues published
an updated meta-analysis (80 studies) reporting a 14%
higher risk of ischaemic heart disease in people who
were TT compared with those who were CC
(P<0.001) for an observed 2.2 pmol/lI homocysteine
difference between the two groups.” This is equivalent
to a 16% lower risk for a 3 pmol/l decrease in
homocysteine, the same as our 2002 result." However,
the authors concluded that their meta-analysis did not
indicate causality because they suspected publication
bias (smaller studies more likely to be reported if they
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had positive results than negative results) and because
there was heterogeneity (greater variation between
study results than would be expected through chance
alone).

Publication bias

Lewis and colleagues suspected publication bias
because of a positive Egger’s test result (P=0.03). This
is a test of significance of the slope of a regression of
the size of an effect against the size of a study.” An
excess of small positive studies in relation to small
negative ones (publication bias) can create a significant
downward slope (a positive result), but this is not the
only way a significant slope could arise. A few large
studies that have odds ratios near 1.0 could have the
same effect, even in the absence of publication bias. For
example, studies in places with higher dietary folate
would be expected to have odds ratios near 1.0
(because the effect of the mutation on increasing
homocysteine will be reduced) and a few large studies
of this nature could produce a significant slope in the
absence of publication bias.

In any event, publication bias is not sufficient to
explain the overall difference in risk observed between
TT and CC homozygotes because the number of
unpublished studies that would need to be invoked is
implausibly large. In the 2005 meta-analysis, 11 of the
80 studies had significantly positive results and only
one had significantly negative results. If there were no
association between homocysteine and ischaemic
heart disease, the probability of observing a signifi-
cantly positive or negative association by chance (at the
5% level of significance) is 1 in 20, or 1 in 40 for posi-
tive results only. For publication bias to have accounted
for the result, the 11 significantly positive studies would
have to come from a pool of 440 studies (11x40). This
would mean that only 18% (80/440) of the studies
were published. Similarly, in the meta-analysis of
stroke,” five of the 30 studies had significantly positive
results and none negative results; for publication bias
to account for this result would require a pool of 200
(5x40) studies, of which only 30 (15%) were published.
Although some unpublished studies may be expected,
it is unlikely that so large a proportion of researchers
would fail to publish their results.

Additional evidence against the overall result being
due to publication bias comes from the observation
that studies in populations that had similar homo-
cysteine concentrations in the TT and CC groups
tended to find no difference in risk of ischaemic heart
disease, whereas those in populations in which homo-
cysteine was higher in the TT group than the CC
group tended to find higher risk. Most of the genetic
studies did not measure homocysteine, but the 19
studies from the 2005 ischaemic heart disease
meta-analysis"'" and the 13 from the stroke meta-
analysis™™* that reported homocysteine concentra-
tions show a dose-response relation (fig 1). The risk of
ischaemic heart disease (P =0.02) and stroke (P =0.06)
rose across tertile groups with increasing difference in
homocysteine between the TT and CC groups. For
publication bias to account for this observation would
require a systematic failure to publish negative studies
with large homocysteine differences and positive stud-
ies with small homocysteine differences, and both ten-
dencies would have to occur in small rather than large
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Fig 1 Dose-response relation between odds ratio of ischaemic heart disease and stroke and

difference in homocysteine concentrations between TT and CC homozygotes

studies. This is unlikely and can reasonably be excluded
as an explanation.

Heterogeneity

Heterogeneity between the results from different stud-
ies is not surprising. Some populations (for example,
those with a higher dietary folate intake) overcome the
homocysteine raising effect of the TT genotype,’ so the
TT genotype will increase risk of ischaemic heart
disease less in studies of these populations than in oth-
ers. Heterogeneity in this context is expected and was
observed.' * ** Moreover, the heterogeneity is useful in
that the dose-response relation between difference in
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Study

Homocysteine difference Relative risk Relative risk
(case-control) umol/l (95% CI) (95% CI)

Ischaemic heart disease

Toole et al, USA™ 2.3 —-— 0.90 (0.66 to 1.23)
Bonaa et al, Norway" 29 - 1.06 (0.911t0 1.24)
Liem et al, Netherlands'® 2.6 — 0.98 (0.63 to 1.52)
Lange et al, Germany" 4.3 1.52 (0.26 t0 9.03)
Baker et al, UK™ 15 0.52 (0.26 to 1.04)
Schnyder et al, Switzerland® 2.3 0.61 (0.23 to 1.66)
Lonn et al, Canada® 3.2 - 0.96 (0.811t01.13)

Weighted mean 3.3 -+ 0.98 (0.88101.08)

Stroke

Toole et al, USA™
Bonaa et al, Norway'
Liem et al, Netherlands'™®
Lonn et al, Canada®

Weighted mean

23 —.— 1.04 (0.84101.29)
2.9 — 1.00 (0.68 to 1.48)
26 — - 0.65 (0.27 t0 1.57)
32 —— 0.76 (0.60 10 0.96)
2.9 — 0.90 (0.78 to 1.05)

0.25 0.5 1 2 4

Fig 2 Meta-analyses of the randomised trials of lowering homocysteine concentrations on

ischaemic heart disease and stroke events. In some cases the relative risk estimates in the
figure are not identical to those published in the original papers because they are based on
coronary deaths and non-fatal myocardial infarction only, without including end points such
as angioplasty and coronary artery bypass surgery
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homocysteine concentrations and ischaemic heart dis-
ease (fig 1) can be used as a test of causality and this
favours a causal effect.

The heterogeneity does not mean that any preven-
tive effect of folic acid would be limited to populations
in which homocysteine concentrations differ between
TT and CC homozygotes.” Folic acid lowers homo-
cysteine concentrations in people of both genotypes,
its effect increasing up to 0.8 mg/day. In practical
terms, folic acid supplementation will be expected to
have a variable effect in preventing cardiovascular dis-
ease, with greater prevention in populations with rela-
tively low folate intakes and less prevention in
populations with higher folate intakes.

Randomised controlled trials

Randomised trials, although valuable, are not the only
source of evidence on efficacy of interventions. In
some situations they are not needed—for example, in
establishing that stopping smoking prevents ischaemic
heart disease and lung cancer. It is sometimes said that
associations in epidemiological studies—for example,
between antioxidant vitamins and ischaemic heart dis-

ease events'' "—have incorrectly been thought to be

causal when subsequent randomised trials showed
otherwise.” However, confounding by socioeconomic
status was acknowledged as a reasonable explanation
for the observed association with antioxidant vita-
mins."" ** Trials were needed because of legitimate
doubt. In the case of homocysteine and ischaemic
heart disease, the position is different; the evidence
from cohort studies is supported independently by the
genetic evidence from MTHFR polymorphism studies,
which are not subject to such confounding, and the
observations from patients with homocystinuria show
that the risk is reversible.

Randomised trials of the effect of reducing homo-
cysteine concentrations on myocardial infarction and
stroke are in progress, and some have been reported.
Folic acid is expected to reduce cardiovascular disease
events by only about 10-15% (compared, for example,
to about an 80% reduction in neural tube defects from
taking 5 mg folic acid daily). The modest effect and the
relatively small number of events recorded in the pub-
lished randomised trials (about 2000 compared to
32000 in the meta-analyses of genetic studies) mean
that the trials lack statistical power. Despite this, the
reports from individual studies tend to inappropriately
interpret non-significant effects as evidence of no
effect. This is shown in figure 2 by the wide confidence
intervals around the estimates from each trial in a
meta-analysis of published trials of homocysteine
reduction on disease events.™ Even with all the
reported trial results together there is a lack of statisti-
cal power; the results are consistent with a 12% reduc-
tion in ischaemic heart disease and a 22% reduction in
stroke (from the lower 95% confidence limits on the
summary relative risk estimates) but also consistent
with no reduction. If the only evidence available were
the trial results, we would still be in the dark.

In addition, some of the trials were short term (less
than two years), and it is uncertain how long it would
take for any risk reversal to emerge. With reductions in
serum cholesterol concentrations it takes two years for
the near maximal effect to become apparent.”’ In the
recent heart outcomes prevention evaluation
(HOPE-2) trial, which showed a significant reduction
overall in the risk of stroke, the published survival
curve shows no reduction in risk of cardiovascular dis-
ease in the first two years but a modest risk reduction in
the third and fourth years.”” We believe it is misleading
to conclude that the results from trials such as HOPE-2
are negative.

An analogy exists with medical judgments made
after the early randomised trials of treatment to reduce
serum cholesterol concentrations. The early trials

Summary of evidence from meta-analyses of three types of study on effect of lower homocysteine concentration on risk of ischaemic

heart disease and stroke

Ischaemic heart disease Stroke
No of studies Relative risk (95% CI) No of studies Relative risk (95% CI)
Observational data
Cohort studies 16 0.83 (0.78t0 0.89) 1 0.79 (0.71t0 0.86)
Genetic studies 80 0.79* (0.67 t0 0.93) 30 0.67* (0.56 t0 0.82)
Experimental data
Randomised trials 7 0.98 (0.88t0 1.08) 4 0.90 (0.78to 1.05)

*The genetic polymorphism studies are case-control in design, so odds ratios were calculated, but since the disease events were rare these are close estimates of

the relative risk estimated directly in the cohort studies and trials.
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Summary points

Debate continues over whether raised serum
homocysteine is a cause of ischaemic heart
disease and stroke

Cohort and genetic polymorphism studies show a
quantitatively similar association between
decreased serum homocysteine concentrations
and risk of heart disease and stroke, even though
they are subject to different sources of error

Among the genetic polymorphism studies, those
with the greatest difference in homocysteine
concentration had the greatest difference in
cardiovascular disease risk

Randomised trials are consistent with a short
term protective effect but lack the statistical power
to be conclusive

Taken together the evidence supports a modest
protective effect of folic acid

achieved only modest reductions in serum cholesterol
and their duration was short; the two years necessary
for the near maximal reduction in ischaemic heart dis-
ease events was not appreciated. Consequently, the
modest risk reductions observed were not significant
and were widely interpreted as negative. Cholesterol
reduction was claimed to be harmful, and in 1992 a
moratorium on the use of all cholesterol lowering
drugs was suggested.”

Examining all the evidence together

The table shows the summary results from the
meta-analyses of the cohort studies,' the genetic
polymorphism studies,” ’ and the randomised trials,"*
the first two adjusted to the average homocysteine
decrease of 3.3 pmol/1 for ischaemic heart disease and
2.9 umol/1 for stroke, observed in the randomised
trials. The cohort and genetic studies give similar
results even though they do not share the same sources
of error. The dose-response relation in the genetic
studies is particularly relevant in suggesting a causal
effect. The summary estimate from the trials is consist-
ent with a short term protective effect of 12% on
ischaemic heart disease events and 22% on stroke, or a
larger long term effect.

The conclusion that homocysteine is a cause of
cardiovascular disease explains the observations from
all the different types of study, even if the results from
one type of study are, on their own, insufficient to reach
that conclusion. No single alternative explanation can
account for all the observations. Since folic acid
reduces homocysteine concentrations, to an extent
dependent on background folate levels, it follows that
increasing folic acid consumption will reduce the risk
of heart attack and stroke by an amount related to the
homocysteine reduction achieved. We therefore take
the view that the evidence is now sufficient to justify
action on lowering homocysteine concentrations,
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although the position should be reviewed as evidence
from ongoing clinical trials emerges.
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