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Homocysteine and Cardiovascular
Disease: Implications for Screening and

Prevention in Ireland
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ABSTRACT

Elevated blood levels of the intermediary amino acid homocysteine have been implicated in

the development of ischemic heart disease (IHD).

Heart disease is a major cause of

morbidity and mortality in the western world, especially so in Ireland. Thus, lowering blood
homocysteine levels to prevent IHD could prove extremely valuable. Homocysteine can be
lowered safely and effectively with folic acid and B-vitamin supplementation. However, while
many studies have demonstrated a causal relationship between homocysteine and IHD, few
have proven that lowering homocysteine will prevent adverse cardiovascular events. Even

without conclusive evidence,

it is reasonable to recommend folic acid and B-vitamin

supplementation to individuals who may be at risk of heart disease, as well as in certain

segments of the general population.

INTRODUCTION

Homocysteine (HCY) is an intermediary amino
acid formed by the conversion of methionine to
cysteine. Severe hyperhomocysteinemia (HHC),
also known as homocystinuria, is arare autosomal
recessive disorder. Worldwide incidence is 1 in
344,000, with the highest incidencein Ireland at 1
in 65,000.* Clinical manifestations of this disease
include developmental delay, osteoporosis, ocular
abnormalities, thromboembolic disease and severe
premature atherosclerosis. In 1969, McCully
proposed that HCY may play a role in the
pathogenesis of vascular disease in the genera
population.? Moderately elevated levels of homo-
cysteine are present in five to seven percent of the
population and mounting evidence suggests that
this moderate HHC may be an independent risk
factor for atherosclerotic vascular disease and
recurrent venous thromboembolism (VTE).3*
Thus, screening for HHC may be beneficial as
another tool for identifying those at risk for
cardiovascular disease (CVD). Since Ireland has
the second highest mortality rate due to ischemic
heart disease (IHD) in the European Union (as of
2002),5 the potential benefit of lowering HCY has
great implications for the primary and secondary
prevention of this disease.

Aetiology of Hyperhomocysteinemia (HHC)

The normal range of HCY levelsis between 5 and
15 ymol/L. HHC is usually defined somewhat
arbitrarily (for example, above the 95th percentile
or two standard deviations above the mean values
for fasting, healthy controls). Fasting values for
moderate HHC are usually defined as 16 to 100

pmol /L and severe HHC is defined as greater than
100 pmol /L. When HHC is defined as above the
95th percentile, five percent of the normal
populations considered to have an elevated level
of HCY.®

Homocysteine levels in the plasma are controlled
by its conversion to other metabolites via one of
two pathways: the transsulphation pathway or
remethylation pathway. Transsulphation is
mediated by the Vitamin Bs dependent enzyme
cystathione-B-sythase (CBS). Remethylation is
catalyzed by methionine synthase and depends on
vitamin Bi. The latter reaction also depends on
the donation of a methyl group created in the
interaction between methylene tetrahydrofolate
reductase (MTHFR) and dietary folate (Figure 1).”
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Figure 1. Interaction between MTHFR and dietary folate.”

Studies have shown that a variety of factors
influence the plasma level of HCY in humans
including nutritional deficiencies in vitamin
cofactors, certain genetic polymorphisms and
some medications. Deficiencies in enzyme co-
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factors (folate, vitamin B, vitamin Bs) are
associated with many cases of elevated HCY.
Thus, it has been postulated that elevated HCY
may be a marker for vitamin deficiency.®® Data
from two studies on the role of vitamin deficiency
in the pathogenesis of HHC suggest that low folate
intake (enough to raise plasma HCY) may be
common in the general population, especially in
moderate consumers of alcohol.*

A genetic polymorphism in the MTHFR enzyme
has also been implicated in cases of moderately
elevated HCY. The defective genetic code
produces a thermolabile form of the MTHFR
enzyme and has a population frequency of around
10 percent.* This polymorphism is a C-T
transition at nuclectide 677, causing an aanine to
valine substitution.”? This thermolabile variant
reportedly leads to a 50 percent reduction in
enzyme activity.® However, studies have shown
that high plasma HCY levels in patients with the
thermolabile variant only occur in those with low
serum folate levels* Not surprisingly, some
drugs with anti-folate properties, such as
methotrexate and trimethoprim, have been
associated with HHC.***" Recent studies have also
shown a link between elevated total plasma HCY
and cigarette smoking.*

Atherothrombotic Properties of HCY

Many mechanisms have been postulated by which
HCY may cause vascular injury. Experimental
evidence suggests that HCY-induced athero-
sclerosis is the result of endothelial dysfunction
and injury followed by platelet activation and
thrombus formation.*® The proposed mechanisms
by which HCY causes this vascular injury and
subsequent atheroma/thrombus formation include
the promotion of oxidative stress, leukocyte
recruitment, foam cell production, smooth muscle
and collagen proliferation, marked platelet
accumulation and impaired nitric oxide
production.

HCY is auto-oxidized when added to plasma and
produces reactive oxygen species (free radicals)
such as superoxide and hydrogen peroxide, which
have been implicated in the direct injury of
endothelial cells” This free radical-induced
injury may expose underlying collagen and
smooth muscle cells, which proliferate and
promote the activation of platelets and leukocyte

recruitment.??

A by-product of HCY’s auto-oxidation isan HCY-
thiolactone complex, which can combine with
LDL-cholesterol, forming an aggregate that is
engulfed by vascular macrophages® This new
lipid-laden macrophage is called a foam cdll,
which then releases its lipid into the athero-
sclerotic plaque.* This increases the size and
instability of the plaque.

Several studies have shown that HCY impairs the
production of nitric oxide, an endogenous
vasodilator.”* This may contribute to impaired
endothelium-dependent  vasodilation, which
would further the development of vascular injury

and atherosclerosis.

Role in Disease

The relationship between blood HCY
concentration and risk of heart disease has been
debated for many years. Early studies did not
demonstrate a causal link between the two.#
More recently, however, two meta-analyses have
shown that there is a clear relationship between
elevated HCY and increased disease risk, albeit a
modest one. The Homocysteine Studies
Collaboration was a synthesis of data from 30
prospective and retrospective studies involving
5,073 patients with ischemic heart disease events
and 1,113 with stroke events. After adjustment for
known cardiovascular risk factors, a 25 percent
lower than normal HCY level (corrected for
regression dilution bias, about 3 pmol/L [0.41
mg/L]) was associated with an 11 percent lower
IHD risk(odds ratio (OR) 0.89; 95 percent
confidence interval [Cl], 0.83 to 0.96) and 19
percent lower strokerisk (OR, 0.81; 95 percent Cl,
0.69 to 0.95). Associations were stronger in the
retrospective studies compared with the
prospective ones.®

Klerk et al. found that individuals with the
MTHFR 677TT genotype are at a higher risk of
coronary heart disease (CHD), particularly in the
presence of low folate levels. These individuals
had a 16 percent (OR, 1.16; 95 percent CI, 1.05 to
1.28) greater chance of coronary heart disease
compared with people having the CC genotype.
The results varied between European (OR, 1.14;
95 percent CI, 1.01 to 1.28) and North American
populations (OR, 0.87; 95 percent ClI, 0.73 to
1.05), which the authors attributed to higher
average folate levels in North America compared
to Europe.®
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Prevention

The results of several studies demonstrate that
there may be some value in lowering HCY for the
prevention of a coronary event. A randomised
controlled trial (RCT) involving 553 patients who
received either a combination of folic acid (1
mg/d), vitamin Bz (cyanocobaamin, 400 ug/d),
and vitamin Bs (pyridoxine hydrochloride, 10
mg/d, n = 272) or placebo (n = 281) for six months
found that in patients undergoing percutaneous
coronary intervention after amean follow-up of 11
months, the composite end-point (death or non-
fatal myocardial infarct) was significantly lower at
one year in patients treated with homocysteine-
lowering therapy (15.4 percent versus 22.8
percent; relative risk (RR) 0.68; 95 percent ClI
0.48 to 0.96, p = .03), primarily due to a reduced
rate of target lesion revascularization (9.9 percent
versus 16.0 percent; RR 0.62, 95 percent ClI 0.40
to 0.97; p = 0.03).%

Wald et al. conducted a meta-analysis to
determine if there is a causal relationship between
elevated HCY levels and IHD, stroke and deep
vein thrombosis (DVT). They sought to quantify
the effect of lowering HCY in preventing these
diseases. In 72 studies where the prevalence of the
MTHFR gene mutation was determined and 20
prospective studies of HCY concentration and
disease risk, the authors found that there were
significant associations between HCY and the
diseases. The oddsratiosfor a5 pmol /L increase
in serum HCY were, for IHD, 1.42 (95 percent Cl
1.11 to 1.84) in the genetic studies and 1.32 (1.19
to 1.45) in the prospective studies. For DVT, the
OR was 1.60 (1.15 to 2.22) in the genetic studies
(no prospective studies were undertaken); and, for
stroke, 1.65 (0.66 to 4.13) for the genetic studies
and 1.59 (1.29 to 1.96) for the prospective studies.
If these data are accurate, lowering HCY levels
from current levels with folic acid supplements
should lead to 16 percent reduction in IHD, 25
percent reduction in DVT, and 24 percent
reduction in stroke.*

It isrecommended that patientswith CHD who are
homocysteinaemic be treated with folic acid,
vitamin Bz and vitamin Bs supplementation.® In
addition, a diet rich in fruits, vegetables, low fat
dairy products and low in saturated fat has been
shown to lower HCY.* Vitamin supplementation
with folic acid alone and fortified breakfast cereal
have also been shown to lower HCY levels =

Conflicting Data in HCY Studies

In terms of primary prevention, conclusive data
does not exist to support the premise that lowering
HCY in the general population will reduce the
incidence of CVD. Until large scale RCTs are
completed, these potential benefits must be
extrapolated from trials demonstrating the causal
relationship between

HHC and CVD.

Also, there is conflicting data on the efficacy of
lowering HCY in patients with established
vascular disease. One RCT with 3,680 patientsin
the United States, Canada and Scotland found that
moderate reduction of total HCY after a non-
disabling cerebral infarct had no effect on vascular
outcomes during the two years of follow-up.®
Additionally, another RCT of folate supple-
mentation following coronary stent placement
found that patients in the treatment group had
higher rates of re-stenosis and a higher percentage
required re-vascularization than the control
group.®” The authors suggest that supplementation
with folic acid, vitamin B2 and vitamin Bs may
stimulate smooth muscle and matrix formation,
contributing to the re-stenosis. Thus, it is
recommended that HCY-lowering treatment be
delayed six months in patients with CHD who
have received a stent.

Other studies contradict the proposed associations
between sub-optimal levels of folate, and B-
vitamins and cardiovascular risk. An Australian
cohort study followed 2,950 people for 29 years,
although they did not measure HCY levels. They
found no independent association between serum
folate, red cell folate and serum vitamin Bz
concentrations, with mortality from cardio-
vascular disease after adjusting for age and other
risk factors.®

Screening

While most of the recent data suggest that HHC is
an independent risk factor for cardiovascular
disease, a strong argument for screening the
general population has yet to be made®
Considering the prevalence of the thermolabile
genotype (11 percent) and the relative risk of
coronary heart disease in these patients, the
population attributable risk (the proportion of
CHD that would be eliminated if the genotype did
not exist) based on screening for this variant
genotype would only be one to two percent.®
Additionally, theimpact of this genotypeisfurther



Homocysteine and Cardiovascular Disease

reduced simply by folic acid supplementation.

While there is an identifiable risk associated with
moderately elevated blood HCY concentrations,
patients do not display symptoms specific to this
disorder. If a routine screening program was
undertaken for HHC, these people could be
identified and treated. There are, however, mgjor
problems with this type of approach. First, it has
yet to be proven conclusively that lowering HCY
levels will reduce disease risk. Second, elevated
HCY is probably not as important a risk factor in
heart disease as smoking, diabetes and
hypertension. Thus, there would be questionable
value in lowering HCY levels in patients who
continue to smoke and have uncontrolled blood
pressure and blood sugar levels. Last, assuming
that there is value in lowering HCY levels to
prevent heart disease, this goal may be
accomplished more efficiently on a population
basis with folic acid fortification of flour
compared to a large-scale screening program.

Since the benefit of lowering HCY concentration
on CVD and VTE disease remains unproven,” the
Atherosclerotic Vascular Disease Conference has
recommended screening for HHC in patients with
premature atherosclerosis, one or more CVD risk
factors and in unexplained venous thrombosis.®
The American Heart Association a so recommends
screening patients with other conditions that may
be associated with high homocysteine levels
including advanced age, hypothyroidism,
impaired kidney function, systemic lupus
erythematosus and administration of certain
medications, for example, nicotinic acid, nitrous
oxide exposure, theophylline, methotrexate and L -
dopa.’

Implications for Healthcare in Ireland

With the exception of Finland, the risk of CHD is
higher in Britain and Ireland than in the rest of
Europe? A study comparing men in Northern
Ireland with men in France found that the three-
fold higher risk of CHD in Northern Ireland could
not be explained by differences in conventiona
risk factors for atherosclerosis. Higher plasma
HCY levels were discovered in the Irish
population and the authors propose this difference
as a possible reason for the different CHD
mortality rates.”® If large RCTs could demonstrate
that areduction in HCY leadsto areduction in risk
for CVD, the implications for public health in
Ireland and elsewhere could be substantial.

In addition to having one of the highest rates of
CHD in Europe, Ireland is among the countries
with the highest rates of neural tube defects in the
world.* Both neural tube defects and CHD have
been aetiologically linked to disturbed HCY
metabolism. An excess of HCY or one of its
metabolitesis potentially toxic to the devel opment
of the feta nervous system, as well as to the
cardiovascular system later in life? Due to
varying susceptibility, however, HCY toxicity is
rarely seen in individuals but rather manifests
itself on a population level. Current recom-
mendations for women of childbearing age
include taking a folic acid supplement to prevent
neural tube defects, possibly because folic acid
lowers HCY levels. Similar recommendations for
patients at risk of CHD may be warranted if
evidence proves that folate intake is correlated
with disease risk. Since the folate status of the
average person living in Ireland is sub-optimal,
folate fortification of food may have very positive
results in reducing both neural tube defects and
CHD in Ireland.*

Tice et al. conducted a study that quantified the
benefit of lowering HCY on a population basis in
terms of lives, quality adjusted life-years (QALYS)
and money saved. This study, conducted in the
United States, estimated that flour fortification
with folic acid would lead to a 13 percent
reduction over 10 years in myocardial infarctions
in men and eight percent reduction in women. The
authors estimated that the percentage decrease in
CHD deaths would be comparable to these
numbers of, at the very least, reduce annual CHD
mortality rates by one to three percent. If, in
addition to grain fortification, al patients with
known CHD were treated with 1mg of folic acid
and 0.5mg of vitamin Bq,, they projected
approximately 310,000 fewer desths would occur
over a 10-year period compared with grain
fortification alone.*

Over this same 10-year period, vitamin supple-
mentation aong with grain fortification for al
men 45 years or older without known CHD would
save more than 300,000 QALYs and more than
US$2 hillion in heath care costs. For women
without CHD, the preferred strategy would be to
treat all women aged 55 years and older with
vitamin supplements. This is projected to save
more than 140,000 QALYs over 10 years. The
difference in treatment age between men and
women is due to the fact that men have higher
baseline HCY levels and higher age-specific CHD
mortality than women. This measure is intended
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to maximise cost effectiveness.®

The Tice study calculated the reduction in HCY
levels after grain fortification with 140ug/100g
grain for men and women aged 35 to 84 years.
They estimated that these measures would
increase folic acid intake 100ug per person-day.
This was estimated to reduce homocysteine levels
in every age category (reduction was measured at
11 percent at the most and five percent at the
least), with the largest reductions in the groups
with highest initial HCY levels (Table 1).%

Men - Women - Men - Women -

[Percentage decr entage decr centage decrease|Percentage decrease|
in Myocardial in Myocardial in CHD Deaths in CHD Deathe
Infarctions Infarctions

11% reduction in

HCY with liberal

etimate (29%) of 130 7.6 12.8 8.7

reduction in CHD

risk

5% reduction in

HCY with liberal

lestimate (29%) of 6.9 39 6.7 4.5

reduction in CHD

risk

11% reduction in

HCY with

onsnvaive 2.8 18 28 21

estimate (9%) of

reduction in CHD

risk

5% reduction in

HCY with

conservative 14 0.9 1.4 1.0

lestimate (9%) of

reduction in CHD

risk

TABLE 1. Predicted Decline in Annual CHD Events Over 10 Years Due
to US Food and Drug Administration Mandated Folic Acid Fortification
Based on Four Scenarios.®

Currently in Ireland, the National Committee on
Folic Acid Food Fortification, created in
September 2004 by the former Minister for Health
and Children, Micheal Martin, is considering
recommendations from the Food Safety Authority
of Ireland, which call for universa flour
fortification with folic acid at 200ug per 100g of
grain.® By their estimation, fortification at 200ug
per 100g of grain would increase the daily intake
of folate by 292ug for men and by 207ug for
women.* This would be expected to produce more
dramatic reductions in HCY levels than
fortification with the Tice study estimates of
140ug per 100g of grain.

In 2002, heart diseasein Ireland was implicated in
the deaths of 6,149 people, which accounted for
20.6 percent of all causes of death that year.® Using
the estimates from the Tice study, thiswould mean
that approximately 500 to 800 deaths (liberal
estimate) or 60 to 180 deaths (conservative
estimate) from IHD could be prevented per year
with the introduction of flour fortification alone.

The Tice study isimportant for a number of
reasons. It isone of the few studies that attempt
to quantify the benefit of lowering HCY levels,

in terms of reduced mortality and money saved.
Their results demonstrate the potential of a health
care initiative that would, hopefully, alter the
course of one of the most costly medical
conditions to Western societies.

This study has some magjor limitations, however.
Most importantly, clinical data on whether
lowering HCY will reduce the risk of CVD do not
exist as of yet. The authors used data from studies
of vitamin therapy in a cohort of patients with
homocystinuria to show biologica plausibility.*
Although data from these studies showed dramatic
effects of vitamin therapy, the benefit of lowering
HCY in lowering CVD risk remains theoretical .*
The study also assumes 100 percent adherence
with vitamin supplementation. Poor adherence
has already been demonstrated in Irish women of
childbearing agein folic acid supplementation and
complete adherence is not a realistic goa in any
society.*

Even with good adherence, another problem
arises. Above a certain serum folate concentration,
HCY concentration ceases to be dependent on
folate and shifts its dependency to vitamin Bur.
The dependency switches back to folate when the
folic acid supplementation is withdrawn.® Thus, it
has been recommended that vitamin B be added
to fortified food as well.

CONCLUSIONS

The association of HCY with CVD has been
studied extensively since the relationship was first
proposed in 1969. From the wedth of data
available, it seems reasonable to assume that
moderately elevated HCY is an independent risk
factor for cerebrovascular, periphera vascular,
coronary heart and VTE disease. Conventional
risk factors such as diabetes mellitus,
hypertension, smoking and hypercholesterolemia
appear to be more important.

Screening for HHC in the general population is
probably not warranted at this time. While there
may be some value in screening those patients
who are at high-risk of heart disease, it is more
cost-effective to simply recommend vitamin
supplementation to men older than 45 years and
women older than 55 years, in addition to the
high-risk patients. A policy of mandatory folic
acid fortification of flour would most likely
enhance the effects of a vitamin supplementation

strategy.
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The prospect of proving that lower HCY levels
will reduce morbidity and mortality from CHD is
very appealing since it has been demonstrated that
serum HCY levels can be lowered fairly easily
with folic acid aone or in combination with B-
vitamin supplementation. Several large RCTs are
underway to determine if there is a benefit from
vitamin supplementation in the prevention of
stroke and CVD.* The Vitamins to Prevent Stroke
Trial (VITATOPS) is alarge, randomised, double-
blind, placebo-controlled trial currently underway
in 19 countries that do not fortify food with folic
acid and seems to be positioned to demonstrate the
value (or lack thereof) of lowering HCY levels.
The trial is testing HCY-lowering treatment (B-
vitamins and folic acid) in patients with previous
transient ischaemic attack or stroke.* If the benefit
of lowering HCY levelsfor the primary prevention
of CHD is demonstrated, a strategy of grain
fortification and targeted vitamin supplementation
would save lives and money in the long term.

Even in the absence of data on the benefit of
lowering HCY to prevent CVD, folic acid

fortification in Ireland will reduce the incidence of
neural tube defects. Since the introduction of
fortification in the United States, the rate of neural
tube defects has fallen by 19 percent.” The
majority of the cost for mandatory fortification
will be borne by the food industry. Thus, the only
cost would be for complications associated with
the possibility of masking vitamin B deficiency
with excessive folic acid levels. This issue was
addressed in the FSAI report and the risk of this
problem was deemed to be very low in light of the
great benefit of alower rate of neural tube defects.

The benefits of lowering HCY are as yet
unproven. However, this should not stop doctors
from expanding their recommendation of folic
acid beyond women of childbearing age. Since
HCY can be lowered with vitamins that are
already recommended as a part of a healthy diet
and the supplements of these vitamins are safe and
well tolerated, it is reasonable to consider routine
therapy in al men older than 45 years and in al
women older than 55 years.
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