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Introduction

Approximately only two-thirds of all episodes of vascu-
lar disease can be attributed to established risk factors 
including age, family history, sex and hypercholesterol-
aemia. The possible involvement therefore of other risk
factors is currently receiving much attention. There is now
considerable evidence to indicate that even moderately
raised plasma levels of the sulphur amino acid homocys-
teine are associated with an increased risk of vascular dis-
ease in the general population.

Homocysteine: historical perspective

Homocysteine, the sulphur amino acid, was first discov-
ered by DuVigneaud in 1932 [1] as a demethylation prod-
uct of methionine. In the 1960’s the condition homocys-
teinuria (markedly elevated of homocysteine in urine) was
described in mentally retarded infants with congenital 
abnormalities [2, 3]. These early discoveries initiated 
numerous investigations into the clinical features and 
biochemical basis of homocysteinuria and led to reports 
describing the susceptibility of such patients to life-threat-
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Abstract: Cardiovascular disease (CVD) continues to be one of the main causes of mortality in the western
world, however approximately only two-thirds of all episodes can be attributed to traditional environmental and
genetic risk factors. Over the past decade it has emerged that a moderate elevation in plasma concentrations of
the amino acid homocysteine (tHcy) constitutes a risk factor for atherosclerotic vascular disease in the coronary,
cerebral and peripheral vessels. Furthermore, this association is a graded one with no apparent threshold and is
independent of, but may enhance the effect of conventional risk factors.

Plasma homocysteine is determined by both genetic and nutritional factors. The B-vitamins folate, B-12 and
B-6 all play a key role in homocysteine metabolism and in fact it has been proposed that about two-thirds of all
cases of hyperhomocysteinemia are due to an inadequate status of one or all of these vitamins. Of the three, fo-
late appears to be the most important determinant and has been shown to significantly lower homocysteine con-
centration when administered at doses ranging from 0.2 to 10 mg/d in both healthy and hyperhomocysteinemic
subjects.

There is considerable variation in the rate of CVD mortality between northern and southern European coun-
tries. A common dietary element in regions with lower CVD incidence i.e. southern European countries appears
to be the higher consumption of fruit and vegetables. In the past this protective effect of fruit and vegetables has
been primarily attributed to antioxidants. Fruit and vegetables are however also one of the main sources of 
folate in the diet, contributing to more than 30% of total dietary folate intake (even in countries where con-
sumption of fruit and vegetables is low). Thus, in light of the evidence that folate may play a role in primary pre-
vention of CVD via homocysteine-lowering the protective effect of fruit and vegetables may be partly explained
by folate.
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ening vascular disease [4, 5]. In 1969 McCully made the
clinical observation linking elevated homocysteine con-
centration with vascular disease [6] following detailed 
autopsy evidence of extensive arterial thrombosis and
atherosclerosis in two children with elevated plasma
homocysteine. On the basis of his observations he sub-
sequently proposed the homocysteine theory of athero-
sclerosis, however, it wasn’t until 1976 that Wilcken &
Wilcken published results which indicated that even a
moderate elevation in homocysteine concentration might
have a role to play in the pathogenesis of coronary artery
disease [7].

Homocysteine: Reference range

Approximately 70–80% of homocysteine in plasma exists
bound to plasma proteins, 1% circulates as free homo-
cysteine, approximately 20–30% combines with itself to
form the dimer homocysteine while the remaining (< 5%)
combines with other thiols, including cysteine to form
disulphide or circulates as the free thiol compound [8].
There is currently no established reference range for
homocysteine however a value for total homocysteine 
between 5 and 15 µmol/l is generally considered normal,
15 to 30 µmol/l indicates moderate hyperhomocystein-
aemia and 30–100 µmol/l intermediate hyperhomocys-
teinaemia [9]. More recently Selhub and colleagues have
suggested that these values may be set too high. In a cross-
sectional prevalence study plasma homocysteine concen-
tration was assessed in a nationally (US) representative
sample of 3563 males and 4523 females aged 12 years or
over, participating in the National Health and Nutrition
Examination Survey (NHANES 3) [10]. A high homo-
cysteine concentration was defined as at least 11.4 µmol/l
for male participants and 10.4 µmol/l for female partici-
pants.

The prevalence of hyperhomocysteinaemia is estimat-
ed to be 5% in the normal population and 13–47% among
patients with atherosclerotic disease [11]. Homocysteine
levels are higher in men than in pre-menopausal women
[12, 13] and homocysteine levels are known to increase
significantly with age [14].

Homocysteine Metabolism

The only exogenous source of homocysteine is methion-
ine, an essential sulphur containing amino acid supplied
through the catabolism of dietary proteins [15]. Methion-
ine is converted to S-adenosylmethionine (SAM) in a 

reaction catalysed by the enzyme methionine adenosyl-
transferase. SAM acts as a methyl donor in the numerous
transmethylation reactions, which take place in all mam-
malian cells including the methylation of transfer ribonu-
cleic acid and deoxyribonucleic acid. The demethylated
product of SAM, S-adenosylhomocysteine is further hy-
drolysed to adenosine and homocysteine.

The two most important pathways of homocysteine me-
tabolism are the transsulfuration and remethylation path-
ways [15]. In the transsulfuration pathway homocysteine
is catabolised to cysteine in two reactions, both of which
require vitamin B-6 in the active form, pyridoxal phos-
phate (PLP). Alternatively homocysteine is remethylated
to methionine in a reaction catalysed by either methion-
ine synthase or betaine homocysteinemethyltransferase.
The former enzyme which is widely distributed requires
the active forms of both folate and vitamin B-12 as methyl
donor and co-factor respectively. Not surprisingly there-
fore, conditions that limit the availability of these B-vita-
mins may lead to hyperhomocysteinaemia.

Causes of Hyperhomogysteinemia
Genetic

The most common genetic cause of moderately raised ho-
mocysteine concentration is a point mutation (C to T sub-
stitution at nucleotide 677) in the coding region of the gene
for methylene-tetra-hydro-folate-reductase (MTHFR), a
key enzyme in folate metabolism [16]. This results in a
thermolabile variant of the enzyme with impaired activi-
ty. The frequency of this homozygous thermolabile geno-
type in different populations ranges from 5 to 16% and in
association with sub-optimal folate status will result in 
elevated homocysteine concentration [17].

Nutritional

Two thirds of all cases of moderate hyperhomocystein-
aemia are thought to be due to inadequate blood levels of
one or more of the vitamins, folate B12 or B6, which is
not surprising given their important role in homocysteine
metabolism. An inverse association exists between homo-
cysteine and the three B-vitamins, and this has consistently
been shown to be strongest for folate. One of the earliest
reports of the association between sub-optimal folate sta-
tus and elevated homocysteine was by Kang and col-
leagues in 1987 who reported significantly higher homo-
cysteine concentration in subjects with sub-normal folate
status compared to controls [18]. Ubbink and colleagues
examined the prevalence of suboptimal vitamin B12, B6
and folate status in men aged 40–60 years with elevated
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plasma homocysteine and found it to be 56.8%, 25% and
29.1% respectively [19]. Furthermore a negative correla-
tion was found with plasma folate. In the same year Sel-
hub and colleagues investigated the contribution of B-vi-
tamin intake and status to elevated homocysteine concen-
tration in an elderly population (n = 1160) in the Fram-
ingham study [20]. Mean plasma homocysteine in the two
lowest deciles of plasma folate was significantly greater
than the mean for subjects in the highest decile.

Homocysteine and vascular 
disease: epidemiological evidence

Since the pioneering work of Wilcken & Wilcken [7] nu-
merous studies have investigated the relationship between
plasma homocysteine. These will be discussed under the
headings of prospective studies and cross-sectional/case-
control studies.

Prospective studies

Prospective studies provide the strongest epidemiological
evidence for an association between homocysteine and
vascular disease. Results to date however are not consis-
tent. One of the early prospective studies to report a pos-
itive association was the Physicians Health Study where
a relative risk of 3.1 was estimated for subjects compared
to controls for fatal and non-fatal Myocardial Infaction
(MI) and CHD [21]. It should however be noted that the
association was confined to those with homocysteine con-
centrations in the top 5% of those studied. The Tromso
study demonstrated a clear positive association between
homocysteine concentration and coronary heart disease
(CHD) in 123 subjects versus 492 matched controls [22].
Furthermore there was no threshold above which homo-
cysteine was associated with CHD. A positive graded as-
sociation has also been demonstrated for plasma homo-
cysteine and risk of Ischaemic Heart Disease [23] and
stroke [24].

A positive association has not been shown, however, in
all studies. A follow-up study carried out on the Physi-
cians failed to demonstrate a significant association be-
tween homocysteine and risk of MI/CHD after a more 
prolonged follow-up and in addition, no association was 
observed between plasma homocysteine and stroke or
angina in this cohort [25]. The US physicians do howev-
er represent a relatively well-nourished sample and thus
this may help explain the lack of association in this group.
Other prospective studies which showed no association in-
cluded the MRFIT study [26] and the ARIC study [27].

Cross-sectional and case-control studies

Numerous case-control and cross sectional studies have
been carried out which examined the relationship between
homocysteine and vascular disease. In 1995 Boushey and
colleagues carried out a meta-analysis of 27 studies which
included 19 case-control and 5 cross-sectional studies
[28]. They concluded that elevated homocysteine was 
associated with an increased risk of coronary artery, cere-
bral vascular and peripheral vascular disease. The associ-
ation was found to be a graded one, independent of other
risk factors and the authors estimated that a 5 µmol/l in-
crease in homocysteine would result in a 33% increase in
vascular disease risk. These findings were confirmed in
the European Concerted action project [29]; an elevated
plasma homocysteine was demonstrated as being a risk
factor for CVD with an estimated odd’s ration of 2.2.
Cross-sectional and case-control studies have also demon-
strated a significant association between homocysteine
levels and the extent of vascular disease in the coronary
[30], peripheral [31] and carotid [32] arteries.

Mechanisms

Although the exact mechanism by which elevated homo-
cysteine causes vascular disease is unknown studies 
indicate it is both atherogenic and thrombogenic [33].
Homocysteine appears to play a role in atherogenesis by
facilitating oxidative arterial injury, damaging the vascu-
lar matrix, and promoting the proliferation of smooth mus-
cle [34]. Homocysteine may promote thromboembolic
disease by causing oxidative injury to the endothelium, al-
tering anticoagulant pathway and endothelial anticoagu-
lant function.

Treatment of Hyperhomocystein-
aemia

Of the three vitamins folate, B12 and B6, folic acid has
been shown consistently to reduce homocysteine concen-
tration, even in subjects who are not folate deficient [35,
36]. A recent meta-analysis of 12 randomised controlled
trials, including 1114 individuals demonstrated that folic
acid in the range 0.5 to 5 mg/d lowers plasma homocys-
teine by approximately 25% with 0.5 mg/d shown to be
as effective as 5.0 mg/d [37]. Furthermore it was shown
that the greatest lowering was observed in those with 
the highest baseline homocysteine concentration. These 
doses, however, could only ever be achieved by supple-
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mentation, therefore, the homocysteine lowering effect of
lower doses is of interest i.e. doses that could be achieved
through dietary modification or folic acid fortification.
Ward and colleagues investigated the response of plasma
homocysteine to folic acid administered daily at increas-
ing doses of 100 µg (6 weeks) to 200 µg (6 weeks) to 
400 µg (14 weeks) in healthy male subjects (n = 30) [38].
Results indicated that, while homocysteine concentration
decreased significantly in response to 100 µg/d folic acid,
increasing the dose to 200 µg/d resulted in further lower-
ing. No additional lowering was however achieved in re-
sponse to 400 µg/d folic acid and this was despite the fact
that intervention at the highest dose was maintained for a
period of 14 weeks. When the results of this study were
expressed in tertiles of baseline homocysteine, the lower-
ing was shown to occur only in the top two tertiles; ho-
mocysteine and interestingly folate (serum or red-cell)
showed no response to intervention with any of the doses
in the bottom tertile. It was concluded therefore that of 
the three doses, folic acid administered at 200 µg/d was 
the optimal homocysteine-lowering dose. Interestingly, 
200 µg/d folic acid is also the dose predicted by Daly and
colleagues to be optimal in reducing neural tube defect
risk in women of child-bearing age, based on results of an
intervention study which, examined the response of folate
(serum and red-cell) to folic acid administered at doses
ranging from 100 to 400 µg/d [39].

Folate: Current intakes

In a recent review it was estimated that current dietary fo-
late intakes for European males and females range from
180 to 300 µg/d with mean reported intakes of 291 µg/d
for men and 247 µg/d for women [40]. While clinical fo-
late deficiency is relatively uncommon in such popula-
tions, folate status appears to be sub-optimal with respect
to disease prevention. This is supported by the fact that
significant reductions in plasma homocysteine, in associ-
ation with increased red-cell folate concentration can be
achieved in healthy subjects in response to physiological
doses of folic acid. Furthermore this has been demon-
strated in subjects with mean folate intakes estimated to
be 281 ± 60 µg/d (i.e. meeting current dietary recom-
mendations for folate) [38]. In the Nurses Health study,
which examined intakes of folate in relation to non-fatal
MI and fatal CHD, each 100 µg increase in folate in the
population was associated with a 5.8% lower risk of CHD
[41]. Furthermore, the lowest risk of CHD was among
women who had a total folate intake (from food and sup-
plements) greater than 400 µg/d. A total folate intake of
400 µg/d has also been reported by Selhub and colleagues

to be associated with the lowest concentration of homo-
cysteine in 1160 participants of the Framingham study
[20].

The main dietary sources of folate are liver, yeast, green
leafy vegetables and certain fruits. These foods may not
however necessarily be the predominant contributors of
dietary folate e.g. the major contributors of folate in the
UK and Ireland are vegetables, bread and potatoes [42].
Throughout Europe highest folate intakes have been re-
ported in France, Spain and Portugal while lowest intakes
have been reported in the UK, Sweden and Ireland. In-
takes less than 200 µg/d have been reported for Irish men
aged 40 years or over [40]. It has been suggested that these
differences in folate intake may partly reflect differences
in dietary habits among European countries and that, com-
pared to Northern European diets, Mediterranean diets
contain greater portions of fruit and vegetables. It is well
known that Coronary Heart Disease (CHD) mortality rates
are also lower in Mediterranean countries. Traditionally
this has been associated with a low saturated fat, high an-
tioxidant and high dietary fibre intake, characteristic of
Mediterranean diets. More recently however, it has been
hypothesised that the lower incidence of CHD may be
partly attributed to an increased folate intake from fruit
and vegetables [43].

In conclusion, elevated plasma homocysteine is an es-
tablished, independent risk factor for vascular disease.
Treatment with physiological folic acid alone or in com-
bination with vitamin B-6 and B-12 results in significant
homocysteine-lowering. The results of a number of ran-
domised clinical trials are currently awaited which will
evaluate the effect of decreasing homocysteine concen-
tration on major cardiovascular events [11]. Meanwhile it
would appear worthwhile to recommend an increased
consumption of folate from natural sources.

References
1. Du Vigneaud, V. E. (1932) Trail of research in sulphur chem-

istry and metabolism, and related fields. Ithaca, N.Y. Cor-
nell University Press.

2. Carson, N. and Neill, D. (1962) Metabolic abnormalities 
detected in a survey of mentally backward individuals in
Northern Ireland. Arch. Dis. Child 37, 505.

3. Gerritsen, T. and Waisman, H. (1964) Homocystinuria, an
error in the metabolism of methionine. Pediatrics 33, 413.

4. Gibson, J., Carson, N. and Neill, D. (1964) Pathological find-
ings in homocystinuria. J. Clin. Pathol. 17, 427.

5. White, H., Rowland, L., Araki, S., Thompson, H. and Cowen,
D. (1965) Homocystinura. Arch. Neurol. 13, 455.

6. McCully, K. (1969) Vascular pathology of homocysteine-
mia: implications for the pathogenesis of arteriosclerosis.
Am. J. Pathol. 56, 111.



M. Ward: Homocysteine, Folate and Cardiovascular Disease 177

Int. J. Vitam. Nutr. Res., 71 (3), 2001, © Hogrefe & Huber Publishers

7. Wilcken, D. and Wilcken, B. (1976) The pathogenesis of
coronary artery disease. A possible role for methionine 
metabolism. J. Clin. Invest. 57, 1079.

8. Ueland, P. M. (1995) Homocysteine species as components
of plasma redox thiol status. Clin. Chem. 41, 340.

9. Refsum, H., Fiskerstrand, T., Guttormsen, A. and Ueland, P.
(1997) Assessment of homocysteine status. J. Inherit.
Metabol. Dis. 20, 286.

10. Selhub, J., Jacques, P. F., Rosenberg, I. H., Rogers, G., Bow-
man, B., Gunther, E., Wright, J. D. and Johnston, C. L. (1999)
Serum total Homocysteine Concentrations in the third 
National Health and Nutrition Examination Survey
(1991–1994): Population Reference Ranges and Contribu-
tion of Vitamin Status to High Serum Concentrations. Ann.
Intern. Med. 1331, 339.

11. Hankey, G. J. and Eikelboom, J. W. (1999) Homocysteine
and vascular disease. The Lancet 354, 407.

12. Nygard, O., Nordrehaus, J., Refsum, H., Ueland, P., Farstad,
M. and Vollset, S. (1997) Plasma homocysteine and mortal-
ity in patients with coronary artery disease. N. Eng. J. Med.
337, 230.

13. Andersson, A., Brattstrom, L., Israelsson, B., Isaksson, A.,
Hamfelts, A. and Hultberg, B. (1992) Plasma homocysteine
before and after methionine loading with regard to age, 
gender and menopausal status. Eur. J. Clin. Invest. 22, 79.

14. Nygard, O., Vollset, S., Refsum, H., Stensvold, I., Tverdal,
A., Nordrehaug, J., Ueland, P. and Knäle, G. (1995) Total
plasma homocysteine and cardiovascular risk profile. J. Am.
Med. Assoc. 274, 1526.

15. Finkelstein, J. (1990) Methionine metabolism in mammals.
J. Nutr. Biochem. 1, 228.

16. Frosst, P., Blom, H., Milos, R., Goyette, P., Sheppard, C.,
Matthews, R., Boers, G., den Heijer, M., Kluijtmans, L., 
VanDerHeuvel, L. and Rozen, R. (1995) A candidate genet-
ic risk factor for vascular disease: a common mutation in
methylenetetrahydrofolate reductase. Nature Genetics 10,
111.

17. Scott, J. and Weir, D. (1996) Homocysteine and cardiovas-
cular disease. Q. J. Med. 89, 561.

18. Kang, S., Wong, P. and Becker, N. (1979) Protein bound ho-
mocysteine in normal subjects and in patients with homo-
cystinuria. Ped. Res. 13, 1141.

19. Ubbink, J., Vermaak, W., van der Merwe, A. and Becker, P.
(1993) Vitamin B12, vitamin B6 and folate nutritional sta-
tus in men with hyperhomocysteinaemia. Am. J. Clin. Nutr.
57, 47.

20. Selhub, J., Jacques, P., Wilson, P., Rush, D. and Rosenberg,
I. (1993) Vitamin status and intake as primary determinants
of homocysteinemia in an elderly population. J. Am. Med.
Assoc. 270, 2693.

21. Stampfer, M., Manilow, M., Willett, W., Newcomber, L., Up-
son, B., Ullman, D., Tischler, P. and Henneken, C. (1993) A
prospective study of plasma homocyst(e)ine Q. and risk of
myocardial infarction in US physicians. Stroke 25, 1924.

22. Arnessen, E., Refsum, H., Bonac, K., Ueland, P., Forde, O.
and Nordrehang, J. (1995) The Tromso study: a population
based prospective study of serum total homocysteine and
coronary heart disease. Int. J. Epidiol. 24, 704.

23. Wald, N., Watt, H., Law, M., Weir, D., McPartlin, J. and Scott,
J. (1997) Homocysteine and ischaemic heart disease: results
of a prospective study with implications on prevention. Arch.
Intern. Med.

24. Perry, I., Refsum, H., Morris, R., Ebrabim, S., Ueland, P. and
Shaper, A. (1995) Prospective study of serum total homo-
cysteine concentrations and risk of stroke in middle aged
British men. The Lancet 346, 1395.

25. Verhoef, P., Hennekens, C., Manilow, M., Kok, F., Willett,
W. and Stampfer, M. (1994) A prospective study of plasma
homocyst(e)ine and risk of ischaemic stroke. Stroke 25,
1395.

26. Evans, R. W., Shaten, B. J., Hempel, J. D., Cutler, J. A. and
Kuller, J. A. (1997) Homocysteine and risk of cardiovascu-
lar disease in the Multiple Risk Factor Intervention Trial. Ar-
terioscler. Thromb. Vasc. Biol. 17, 1947.

27. Folsom, A. R., Nieto, F. J., McGovern, P. G., Tsai, M. Y., Ma-
linow, M. R., Eckfeldt, J. H., Hess, D. L. and Davis, C. E.
(1998) Prospective study of coronary heart disease incidence
in relation to fasting total homocysteine, related genetic poly-
morphisms, and B vitamins: The atherosclerosis risk in Com-
munities (ARIC) study. Circulation 98, 204.

28. Boushey, C., Berssford, S., Omenn, G. and Motulsky, A.
(1995) A Quantitative assessment of plasma homocysteine
as a risk factor for vascular disease. J. Am. Med. Assoc. 274,
1049.

29. Graham, I., Daly, L., Refsum, H., Robinson, K., Brattstom,
L., Ueland, P., Palma-Reis, R., Boers, G., Sheahan, R.,
Israelsson, B., Uiterwaal, C., Meleady, R., McMaster, D.,
Verhoef, P., Witterman, J., Rubba, P., Bellet, H., Wautrecht,
J., deValk, H., Luis, A., Parrot-Rouland, F., Tan, K., Higgins,
I., Garcon, D., Medrano, M., Cahdito, M., Evans, A. and 
Andria, G. (1997) Plasma homocysteine as a risk factor for
vascular disease: The European Concerted Action Project. J.
Am. Med. Assoc. 22, 1775.

30. Verhoef, P., Kok, F. J., Kruyssen, D. C. A. M., Schouten,
E. G., Witteman, J.C. M., Grobbee, D. E., Ueland, P. M. and
Refsum, H. (1997) Plasma total homocysteine, B vitamins
and risk of coronary atherosclerosis. Arteriosc. Thromb. and
Vasc. Biol. 17, 989.

31. Van der Berg, M., Strhouver, C.D.A., Bierdrager, E. and
Rauwerda, J.A. (1996) Plasma homocysteine and severity
of atherosclerosis in young adults with lower-limb athero-
sclerotic disease. Arteriosc. Throm. and Vasc. Biol.

32. Malinow, M., Nieto, F., Szklo, M., Chambless, L. and Bond,
G. (1993) Carotid artery intimal-medial wall thickening and
plasma homocyst(e)ine in asymptomatic adults. Circulation
87, 1107.

33. Welch, G. N. and Joscalzo, J. (1998) Homocysteine and
atherothrombosis. N. Engl. J. Med. 1042.

34. Blundell, G., Jones, B. G.; Rose, F. A. and Tudball, N. (1996)
Homocysteine mediated endothelial cell toxicity and its
amelioration. Atherosclerosis 122, 163.

35. Brattström, L., Israelsson, B., Jeppsson, J. and Hultberg, B.
(1998) Folic acid: an innocuous means to reduce plasma
homocysteine. Scand. J. Clin. Lab. Invest. 48, 215.

36. Den Heijer, M., Brouwer, I. A., Bos, G.M., Blom, H.J., van-
derPut, N. M. and Spaans, A.P. (1998) Vitamin supplemen-



178 M. Ward: Homocysteine, Folate and Cardiovascular Disease

Int. J. Vitam. Nutr. Res., 71 (3), 2001, © Hogrefe & Huber Publishers

tation reduces blood homocysteine levels: a controlled trial
in patients with venous thrombosis and healthy volunteers.
Arterioscler. Thromb. Vasc. Biol. 18, 356.

37. Clarke, R. and Homocysteine Lowering Trialists Collabora-
tion (1998) Lowering Blood Homocysteine with folic acid
based supplements: meta analysis of randomised trials. Br.
Med. J. 316, 894.

38. Ward, M., McNulty, H., McPartlin, J., Strain, J.J., Weir, D.G.
and Scott, J.M. (1997) Plasma homocysteine, a risk factor
for cardiovascular disease is lowered by physiological 
doses of folic acid. Q. J. Med. 90, 519.

39. Daly, S., Mills, J., Molloy, A., Conley, M., Lee, Y., Kirke, P.,
Weir, D. and Scott, J. (1997) Minimum effective dose of folic
acid for food fortification to prevent neural tube defects. The
Lancet 350, 105.

40. de Bree, A., van Dusseldorp, M., Brouwer, I.A., van het Hof,
K.H. and Steegers-Theunissen, R.P. (1997) Folate intake in
Europe: recommended, actual and desired intake. Eur. J.
Clin. Nutr. 51, 643.

41. Rimm, E., Willett, W., Hu, F., Sampson, L., Colditz, G., Man-
son, J., Hennekenns, C. and Stampfer, M. (1998) Folate and
vitamin B6 from diet and supplements in relation to risk of
coronary heart disease among women. J. Am. Med. Assoc.
279, 359.

42. Gregory, J., Foster, K., Tyler, H. and Wiseman, M. (1990)
The Dietary and Nutritional Survey of British Adults. Office
of population and surveys. London, HMSO.

43. Parodi, P. (1997) The french paradox unmasked: the role of
folate. Med. Hypoth. 49, 313.

Mary Ward

Northern Ireland Centre for Diet and Health
School of Biomedical Sciences
University of Ulster at Coleraine
N. Ireland BT52 1SA


