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Abstract

Plasma homocysteine has been identified as a

risk factor for arterial disease, retinal artery

and vein occlusions, and other common eye

diseases. The value of treating an elevated

plasma homocysteine with folic acid for

preventing further vascular disease has not

been proven. Although secondary prevention

of coronary artery disease using this approach

has been unsuccessful, trials on primary

prevention of stroke and loss of cognitive

function with folic acid supplementation

appear to be successful. Further trial data are

awaited. In patients with premature

retinovascular disease, the measurement of

plasma homocysteine is suggested and

reduction of elevated homocysteine with folic

acid for secondary prevention of retinal

arterial and venous occlusion. Meanwhile, the

debate on fortification of flour for primary

prevention of neural tube defects, which has

already taken place in North America,

continues in European countries. Such

fortification could have an impact on primary

and secondary prevention of vascular disease.
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Introduction

Considerable interest and research in

homocysteine metabolism has evolved

following the findings of atherosclerotic plaques

in young people with homocysteinuria.1

Arterial and venous thromboses are common in

such patients. Since then, homocysteinaemia

has been identified in the general population as

an independent risk factor for cardiovascular

disease.2 Furthermore, plasma homocysteine

levels can be reduced by folic acid, vitamin B12,

and vitamin B6. This survey will, therefore,

highlight the possible contribution that

homocysteine makes to the pathogenesis of

ocular problems, with particular emphasis on

vascular diseases, and will review the results

from recent trials of folic acid supplementation

in primary and secondary prevention of cardio-

and cerebrovascular disease.

Homocysteine and vitamins

Hyperhomocyteinaemia has several causes

(Table 1) including dietary deficiencies of the

vitamin cofactors (folates, vitamin B12, and

vitamin B6) required for the metabolism of

homocysteine, and functional polymorphisms

of the genes encoding for enzymes affecting

homocysteine metabolism

(methylenetetrahydrofolate reductase,

cystathione b synthase, and methionine

synthase). A review of methods of measurement

of plasma levels of homocysteine is available.3

Methods should be standardised as far as

possible by taking a fasting venous blood

sample and separating the plasma without

delay. Homocysteine circulates mostly as

sulphides, which are complexed with albumin.

Reduction of these bonds with dithiothreitol

and protein precipitation is required before

measurement by high-pressure liquid

chromatography.4 More recently, attempts have

been made to develop automated methods.5

Folates are water-soluble B-complex vitamins

important in single-carbon transfers in the

metabolism of amino acids and nucleic acids.

Naturally occurring folates are found in most

foods, particularly in liver, kidney, green

vegetables, beans, nuts, and fruits but are heat-

labile and partly removed from food during

storage and preparation. The daily intake of

folate is about 0.2 mg in northern European

countries. The recommended dietary allowance

varies from country to country, but in the

United States, it is 0.4 mg a day. Folic acid is the

form used in vitamin supplementation and in

fortified food products, and doses up to 0.8 mg

daily reduce plasma homocysteine

concentrations by about 25%, but no further

reduction on using higher doses. It is probably

important to distinguish between physiological
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doses of folic acid o1 mg daily for primary prevention in

healthy people and pharmacological doses of folic acid

41 mg daily used in the management of anaemia.

Vitamin B12 supplementation using at least 0.4 mg

daily reduces plasma homocysteine by about 7% and

vitamin B6 also has an effect. Vitamin B12 is probably a

more important determinant of increased plasma

homocysteine in older people than folate, and vitamin

B12 becomes the limiting nutrient for the maintenance of

normal plasma concentrations, once folate levels are

optimised. The potential side effects of folic acid

supplementation include the masking of vitamin B12

deficiency and the precipitation of neurological

complications, the alteration of the effectiveness of

certain medications such as phenytoin and anti-folate

drugs, cancer promotion, and the rates of twin

pregnancies. The relationship of folates and cancer is

complex, as folate deficiency seems to predispose normal

epithelial tissues to neoplastic transformation but folate

supplementation promotes progression of established

tumours. Monitoring of cancer incidence following the

introduction of any large-scale folic acid

supplementation in the community is therefore

important.

Homocysteine and eye disease

Many eye problems occur in homocysteinuria with

subluxation of the lens, myopia, cataracts, cystic retinal

degeneration, and retinal detachment. Central retinal

artery occlusion and retinal haemorrhages have been

reported, but not retinal vein occlusion.

Venous and arterial occlusions

A detailed meta-analysis of studies of 614 patients in

10 studies of retinal vascular occlusive disease showed

significantly elevated plasma levels of homocysteine in

central retinal vein occlusion, branch retinal vein

occlusion, and retinal artery occlusion when compared

with controls.6 In only one study, plasma homocysteine

levels were lower in cases compared with controls. We

have shown that increased plasma homocysteine is

associated with both retinal vein occlusion and retinal

arterial occlusion, the elevation being greater in the

arterial occlusion group.7 In young patients, retinal vein

occlusion is less associated with systemic diseases8 and is

more strongly associated with plasma homocysteine than

in older patients.9

In a recent audit of 17 patients o55 years of age

presenting with a retinal vein occlusion, we found

elevated plasma homocysteine in 35%, although this was

rarely as an isolated finding. Patients with retinal vein

occlusion are more likely to die from a cardiovascular

event than those without an occlusion, and the feared

complication, unlike retinal artery occlusion, is

recurrence of venous occlusion in the fellow eye. The

serious risk of recurrent retinal vein occlusion, recorded

as 11.9% at 4 years in the fellow eye,10 underpins the

policy of aggressive management of all contributing risk

factors. What is not clear is whether an elevated plasma

homocysteine level should be lowered in a patient with

retinovascular disease. Data from the large treatment

trials of cardio- and cerebro-vascular disease may help

with this decision. Studies of retinal vein occlusion have

not shown any association with plasma vitamin B12

concentrations or with methylenetetrahydrofolate

reductase genotype polymorphisms.

Diabetic retinopathy

A relationship of plasma homocysteine and diabetic

retinopathy has been shown in many11–14 but not all

studies.15 It is doubtful whether plasma homocysteine is

an independent variable for diabetic retinopathy, as

several reports suggest that any rise is secondary to renal

disease and renal failure, which is often associated with

diabetic nephropathy and thus with retinopathy.16

Glaucoma, age-related macular degeneration, and

cataract

The role of homocysteine in other eye conditions is less

clear. Increased plasma homocysteine has been reported

in pseudo-exfoliative17,18 but not in primary angle

glaucoma.19 Studies have shown increased plasma

homocysteine in patients with age-related macular

degeneration.20,21 Another study showed that there were

no differences in plasma homocysteine or folate

concentrations in those with exudative compared with

dry age-related macular degeneration22 although it was

Table 1 Causes of hyperhomocysteinaemia

Genetic factors Other epidemiological factors
Polymorphisms of
methylenetetrahydrofolate
reductase

Male gender
Increasing age
Post-menopause

Polymorphisms of
cystathionine b synthase

Smoking

Polymorphisms of methionine
synthase

Nutritional factors Chronic diseases
Folate deficiency Renal impairment
Vitamin B6 deficiency Diabetes mellitus
Vitamin B12 deficiency Hypothyroidism
Excessive intake of methionine Psoriasis
Alcoholism Cancer

Organ transplantation
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of interest that plasma vitamin B12 levels were lower in

the exudative group. Good nutrition appears to protect

against age-related nuclear lens opacities but there is no

direct evidence that folic acid intake is independently

linked.23 These data, therefore, suggest that

homocysteine levels have no clear relationship with these

common eye problems.

Homocysteine and vascular disease

Atherosclerotic plaques occur in young people with

homocysteinuria who suffer from premature, aggressive

arterial, and, in addition, venous occlusive disease.

Plasma concentrations of homocysteine are an

independent risk factor for cardiovascular and

cerebrovascular disease in the general population.24

Dementia and the risk of developing dementia are also

associated with homocysteinaemia. Animal studies have

suggested that the mechanism of this relationship is that

homocysteine causes increased oxidative stress with

vascular endothelial damage and enhances

thrombogenicity. Whether homocysteine is the cause or

merely a marker of vascular disease is not known.

All these observations have led to the hypothesis that

homocysteine may cause or contribute to atherosclerosis.

Indeed, there is a graded association between plasma

levels of homocysteine and cardiovascular risk.

Calculations from epidemiological studies suggest that a

3 mmol/l decrease in plasma homocysteine, which is

achievable by supplementation with 0.8 mg folic acid

daily, would produce a 15% reduction in ischaemic heart

disease risk and 24% in stroke.

Folic acid 0.8 mg daily has been suggested as one of the

ingredients of the polypill, which, on recent calculation,

can reduce cardiovascular disease by more than 80%.25

However, clinical trials based on the reduction of plasma

concentrations of plasma homocysteine have not

consistently prevented vascular disease (Table 2)26,27 and

have not supported this calculation. The modest effects

of folic acid supplementation mean that large numbers

are needed in clinical trials and more than 2-year

duration of therapy is required. Naturally, the

effectiveness of folic acid supplementation will be

determined by the overall intake of folates in that

population. However, overall trial data of secondary

prevention are consistent with a 12% reduction in

ischaemic heart disease and a 22% reduction in stroke.

Further study results, for example SEARCH in ischaemic

heart disease and VITATOPS in stroke, are awaited.

For other vascular problems, folic acid

supplementation has not shown any beneficial effects, as

for example in peripheral vascular disease28 and in

reducing the risk of symptomatic venous thrombo-

embolism.29

Primary prevention

There is little data on the use of folic acid in primary

prevention of ocular diseases but there is a suggestion

from epidemiological studies that a high folate intake

and also vitamin B12 supplements may be protective

against the development of nuclear cataract.30 Data on

primary prevention of cardiovascular disease and folic

acid supplementation are limited. However, the ongoing

Folic Acid and Carotid Intimal Thickness (FACIT) trial

has reported significant improvements in cognitive

function in subjects aged 50–70 years with baseline

elevation of plasma homocysteine concentrations31 and a

useful meta-analysis of eight randomised trials of folic

acid supplementation showed reduction in the risk of

stroke by 18%.32 This meta-analysis found a greater

beneficial effect if the treatment was for more than 36

months and if plasma homocysteine concentrations were

reduced by more than 20%. More information on the

primary prevention of cardiovascular disease is needed

and it would appear that cardiac disease should be

studied separately from cerebral disease.

Public health issues

Meanwhile, the main public health debate on folic acid

supplementation in the general population is based on its

importance in reproduction and the prevention of neural

tube defects rather than vascular disease. Several public

health measures increase folate levels including the

encouragement of healthy eating of vegetables and

wholemeal products, voluntary or mandatory

fortification of food with folic acid, or supplementary

folic acid tablets. Women in the UK who are trying to

conceive are advised to take supplementary folic

acid 0.4 mg daily up to 12 weeks gestation. Voluntary

fortification of food with folic acid practised in

UK and several other member states in the European

Union makes a useful contribution but does not

achieve the recommended daily intake of 0.4 mg.

Compulsory fortification of cereal grain in North

Table 2 Meta-analysis of randomised, controlled, secondary
prevention trials of folic acid supplementation

No. of events/total Pooled relative
risk (95% CI)

Folic acid Control

Cardiovascular disease 1420/7755 1286/6685 0.95 (0.99–1.03)
Coronary heart disease 1022/8962 840/7915 1.04 (0.92–1.17)
Stroke 352/7432 370/6374 0.86 (0.71–1.04)
All-cause mortality 960/8020 861/6975 0.96 (0.99–1.04)
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America (0.14 mg folic acid per 100 g) since 1998 has

resulted in an increase in the mean daily intake of

0.19 mg folic acid and a decrease in plasma homocysteine

by 7%. In Canada, neural-tube defects have been reduced

by 40%.33 The Food Standards Agency is reviewing its

position on whether fortification of flour with folic acid

should become mandatory in the UK.34 In the meantime,

a vigorous debate on the subject has outlined all the

issues involved.35 Those in favour of fortification claim

that such a policy reaches people who are less well off

and who have the most to gain from prevention of

neural-tube defects, cleft lip, dementia, and possibly

cardiovascular disease with no increase in cancer risk.

Those against fortification stress the possibility of the

cancer-promoting effects of exposure to folic acid in

susceptible people. Although it will be difficult to

measure the effect that such fortification will have on the

long-term development of vascular disease and eye

diseases, all the information to date would suggest that it

would be modestly beneficial.

Conclusions

The role of homocysteine in eye disease is complex.

Observational studies have shown that several eye

conditions in the general population, such as some forms

of glaucoma and age-related macular degeneration, are

associated with raised plasma homocysteine

concentrations. Raised plasma concentrations of

homocysteine in diabetic retinopathy may be secondary

to renal disease. There is a clear relationship of raised

plasma concentrations of homocysteine, retinal vein, and

artery occlusions.

Evidence from controlled trials for any benefit from

reduction of homocysteine is limited. It is possible that

the risk of stroke can be reduced. Trials of folic acid for

secondary prevention of ocular disease such as retinal

vein occlusion would be difficult because of the numbers

needed to treat. For patients with retinal vein occlusion,

extrapolation from results in stroke and dementia

prevention may be the best evidence available. The effect

of any increase in folate intake in the general population

as a result of mandatory fortification of flour with

folic acid will also be a confounding factor. In the

meantime, while the outcomes of further large,

randomised trials are awaited, we would recommend

measurement of fasting plasma homocysteine in younger

patients with retinal vein or artery occlusion, and in

other patients with premature vascular disease. The use

of folic acid supplementation if hyperhomocystinaemia is

identified in these situations is not based on firm

evidence but the results from stroke prevention are

encouraging.
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