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Abstract
It is hypothesised that a single aetiological
pathway could explain both the strong
ecological association between the birth
prevalence of neural tube defects (NTD)
and coronary heart disease (CHD) mortality and the potential eYcacy of dietary
measures, especially increased folic acid
intake, in their prevention. The epidemiological similarities between NTD and
CHD are strong and consistent suggesting
that the relation is real rather than
artefactual. It is suggested that this epidemiological association reflects a shared
aetiology arising from the role of disturbed homocysteine metabolism in the
pathogenesis of both conditions. Current
public health measures designed to increase the intake of periconceptional folic
acid in women, reinforced by a broadening of this policy to target both sexes
throughout life, will (if successful) result
in a reduction in both the birth prevalence
of NTD and the incidence of CHD,
although not necessarily contemporaneously. If disordered homocysteine metabolism is the cause of both NTD and
CHD, this has implications for future
research and preventive strategies for
these serious and often lethal diseases.
(J Epidemiol Community Health 1999;53:789–793)
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There has been much interest in the possible
fetal and infant origins of adult cardiovascular
disease (CVD).1 Evidence has accumulated that
moderately increased levels of homocysteine are
also a risk factor for CVD.2 In this paper, we
review the evidence for a possible aetiological
connection between two apparently unrelated
diseases of infancy and adult life: neural tube
defects (NTD) and coronary heart disease
(CHD). We propose that a biologically plausible
single aetiological pathway could explain the
strong ecological correlation between the two
disorders. The hypothesis revolves around the
role of homocysteine in human metabolism and
how it may be influenced by both genetic and
dietary factors.3 This paper will examine the
epidemiological similarities of the two diseases,
discuss the possible role of homocysteine as a
common causal agent and assess the implications of the hypothesis.
Epidemiological similarities between
NTD and CHD
There are several epidemiological similarities
between NTD and CHD. There is marked

geographical variation in the prevalence of
NTD.4 Britain and Ireland have long been
regarded as having the highest risk in Europe if
not the world.5 Within the British Isles, NTD
displays a familiar pattern of increasing prevalence from south east to north west.6 7 An
analysis of data from the British Perinatal Survey of 19587 demonstrated that this regional
trend was independent of social class, a
variable that has repeatedly been shown to be
associated with NTD variation.
A remarkably similar geographical pattern of
CHD mortality has been observed.8 9 Stocks10
drew attention to the high correlation between
prenatal plus infant mortality rates from NTD
and female cardiovascular mortality in England
and Wales. He hypothesised a common aetiological factor, possibly water hardness, to
account for the phenomenon. And, as with
NTD, the risk of CHD is higher in the British
Isles than in than in the rest of Europe.11 The
exception is Finland, which has a high risk of
CHD but a low risk of NTD. Disease patterns
in Finland may be diYcult to interpret; for
example, there are around 30 rare recessive
diseases that are commoner than in other
populations.12 While the high rates of CHD are
likely to be attributable in part to well
described risk factors, at present there is no
clear explanation for the low NTD prevalence.
While fluctuating secular trends in NTD
prevalence have been described in many areas,
the steady recent decline in Britain seems to
have begun in the 1970s13–15 and has continued
since then.16 17 Around a decade after the
prevalence of NTD began to decline, a similar
fall in mortality from CHD was reported18 (fig
1). This occurred in all age groups suggesting a
strong period of death rather than cohort
eVect.19 A parallelism between NTD prevalence and CHD mortality is also apparent in
the United States where both peaked and then
started to decline about a decade earlier than in
Britain.4 20
There is also a remarkable similarity in the
socioeconomic distribution of the two diseases.
Reliable data are available up to the mid-1970s
and demonstrate a higher prevalence of NTD
in populations of low socioeconomic position
in several countries including Britain,21 22
Australia,23 Finland24 and the USA.25 Thus a
higher rate in poorer communities was found
irrespective of the relative frequency of the disease. Few recent studies have investigated the
relation between socioeconomic position and
NTD prevalence perhaps in part because of the
decline in the prevalence of NTD and the
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Figure 1 Secular trends in NTD birth prevalence (per 10 000) and CHD mortality (women, 25–64 years, per 100 000)
1964–96. Source: OYce for National Statistics (formerly OYce of Population Censuses and Surveys).

growing use of prenatal diagnosis and therapeutic abortion. Nevertheless, the inverse
association between NTD prevalence and
socioeconomic position seems to have persisted in England and Wales26 and in Newfoundland, Canada (where NTD prevalence
has not declined).27
In the case of CHD, mortality in men in
social class I was double that of the lowest two
classes in England and Wales in the 1950s8
whereas since the 1960s, CHD mortality both
sexes has been consistently reported to be
higher in the lower socioeconomic groups.28
This apparent social class crossover should be
regarded with caution as there is some evidence
that the earlier reported association of high
CHD mortality with high socioeconomic position may have been artefactual.29 30
A common aetiological relation—
disturbed homocysteine metabolism
Recent advances in the understanding of cellular pathophysiology suggest that homocysteine
might be the “missing link” between NTD and
CHD.
Homocysteine, folate and vitamins B6 and
B12 participate in several interrelated metabolic pathways, many of which are necessary
for cell replication,31 as shown in figure 2.
Removal of a methyl group from methionine
produces homocysteine. This potentially toxic
compound may either be irreversibly degraded
to cysteine by the enzyme cystathionine-âsynthase or converted back to methionine by
the enzyme methionine synthase thereby conserving methionine. This latter reaction is
dependent on the presence of both vitamin
B12 (in the form of methylcobalamin) and a
metabolite of folic acid (5-methyl tetrahydrofolate). The production of this folate derivative
is in turn driven by another enzyme, methylene
tetrahydrofolate reductase (MTHFR).
Homocysteinaemia has been shown to be
associated with folate depletion32 but the causal
direction is unclear. Folate deficiency may
impair the conversion of homocysteine to
cysteine leading to excessive and potentially
toxic blood homocysteine levels. Alternatively,

folate might become depleted as a consequence
rather than a cause of impaired homocysteine
metabolism. In either event, it appears that
interruption of the remethylation of homocysteine leads to a rise in both intracellular and
plasma homocysteine levels, impairing the production of S-adenosylmethionine (SAM), the
ultimate methyl donor for DNA synthesis,
adversely aVecting cell replication. Increasing
the intake of key nutrients such as folic acid33
and possibly vitamins B6 and B1234 may
reverse this process.
Diet alone is unlikely to determine the
eYciency or otherwise of homocysteine metabolism as several of these biochemical
processes are also dependent on enzymatic
activity that is partly genetically determined.
While homozygous deficiencies of cystathionine synthase and MTHFR are rare, in 5–11%
of the population a genetic mutation is associated with a variant of MTHFR that impairs
enzyme activity.35 Other gene defects that could
impair homocysteine metabolism are those
aVecting methionine synthase and its cofactors
derived from cobalamin metabolism.36 However the relative contributions of nutritional
and genetic factors remain uncertain.37 38
Neural tube defects and homocysteine
Early evidence for a possible role for homocysteine in the aetiology of NTD came from
Thiersch who in 195239 described an apparently teratogenic eVect of a folic acid antagonist, aminopterin. In 1964, Hibbard40 postulated that folate deficiency could have an
adverse eVect during early embryogenesis, and
supportive evidence was provided shortly
thereafter by Hibbard and Smithells41 who
found that two thirds of mothers with NTD
pregnancies had deranged folic acid metabolism.
The importance of folate in the aetiology and
prevention of NTD is now widely accepted
with several intervention studies42–45 indicating
that folic acid exerts a protective eVect against
both primary and recurrent NTD conception
in mothers. Exactly how folate deficiency might
interact with genetic vulnerability has not been
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Homocysteine metabolism.

established. Homozygosity for MTHFR abnormality (that is, enzyme thermolability) has
been shown to increase the risk of NTD33 but
whether the aetiologically relevant disturbance
is in the maternal or fetal metabolism is uncertain. The mechanism whereby homocysteinaemia might cause NTD also remains unknown.
An accumulation of homocysteine could be
directly toxic to the developing fetal neural
tube, which closes between 15 and 28 days post
conception.46 Alternatively, decreased methionine production would in turn reduce the
availability of the methionine metabolite SAM,
leading to disruption of normal neural crest
formation at a time of rapid cell division.33
Coronary heart disease and
homocysteine
Direct evidence that folic acid deficiency plays
a central part in the aetiology of CHD is unavailable. Numerous dietary factors have been
studied, among them fruit and vegetables, the
intake of which is inversely related to CHD risk
in many observational epidemiological
studies.47–49 The dominant explanatory hypothesis invokes the antioxidant vitamins
â-carotene, á-tocopherol (vitamin E) and vitamin C.50 However, randomised controlled trials
of supplementation with these vitamins have
been disappointing with respect to cardiovascular disease risk.51–53 The cardioprotective factor in fruit and vegetables may turn out to be
folate rather than antioxidant vitamins.
Whatever the precise aetiological mechanism, evidence is accumulating that increased

blood levels of homocysteine increase the risk
of vascular disease. Studying an infant (interestingly of Irish descent) with homocystinuria,
McCully54 suggested that hyperhomocysteinaemia results in arteriosclerotic disease. Homocysteine may be toxic to the vascular
endothelium either by disturbing smooth muscle function55 or structure,56 which could in
turn accelerate atherogenesis. This could
explain the marked association between increased plasma homocysteine levels and the
risk of cardiovascular disease.57–59
More than 20 case-control and cross sectional studies have confirmed a positive relation between moderate hyperhomocysteinaemia and the risk of cardiovascular disease.60
Because these moderate increases in homocysteine are too common to be attributable to
the rare homozygosity for dysfunctional cystathionine synthase alleles, it has been postulated that they may be a result of another form
of genetic susceptibility mediated through the
production of the thermolabile variant of the
enzyme MTHFR. Homozygosity for the variant MTHFR aVects up to 11% of people in
white populations61 but three recent studies to
determine whether these people had an increased risk of premature CHD62 found no
association.63–65
However, the role of dietary folate was not
explored in these studies. Diet may be critical
in both the minor and common genetic
variants. A high intake of folic acid, possibly in
conjunction with vitamins B6 and/or B12,34
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Hypothesised aetiological and
epidemiological links between
homocysteinaemia, NTD and CHD
We suggest that the epidemiological relation
between NTD and CHD is real rather than
artefactual. The relation exists because homocysteine occupies a pivotal position on the
aetiological pathway to both NTD and CHD.
In biological terms, an excess of homocysteine
or one of its metabolites is potentially toxic to
the human organism both in early intrauterine
life, when it can disrupt the development of the
fetal nervous system, and later in the life cycle,
when it can damage the cardiovascular system.
Three supplementary hypotheses flow from
the above. Firstly, mothers of children with
NTD may be at increased risk of CHD.
Secondly, because of varying susceptibility,
homocysteine toxicity does not necessarily
always manifest itself within individuals but is
apparent at a population level, thereby explaining the ecological correlation between NTD
and CHD. Thirdly, the pathogenic eVects of
homocysteinaemia may be partially or totally
counteracted by increasing the intake (by
dietary or other means) of key nutrients, especially folate and perhaps vitamins B6 and B12.
Implications and future directions
Current public health measures designed to
increase the intake of periconceptional folic
acid in the population will, if successful, result
in a reduction in the incidence of NTD.
Several countries, including the US69 and
UK,70 have issued oYcial recommendations
that all women planning pregnancy should
receive extra folic acid before conception and
during the first 12 weeks of pregnancy. The
impact of this advice, either on dietary intake
of folic acid or on the prevalence of NTD,
seems to have been disappointing71 72 and it is
probable that the recommended doses are too
small. According to the homocysteine hypothesis, a reduction in CHD incidence within two
decades could be expected if folate supplementation were continued in this group.
Targeting this group of people alone may be
inappropriate from both a behavioural and a
public health perspective.73 To achieve a greater
reduction in the burden of CHD, a population
approach to increasing the intake of folate is
probably required. However it is essential that

intervention trials are conducted to inform
policy making.
Finally, if homocysteine represents an aetiological link between NTDs and CHD, other
disorders may be similarly related. Other
vascular diseases have been alluded to57 and
homocysteine analogues have also been shown
to have a role in cancer induction through
accumulation of reactive oxygen radicals,
changed immunological recognition and increased growth potential of oncogenes.74 The
public health significance of disturbed homocysteine metabolism, and the ways in which it is
subject to modification by dietary or genetic
means, will undoubtedly be the subject of
intensive scientific scrutiny in the early years of
the next millennium.
Conflicts of interest: none.
1 Barker DJP. Fetal and infant origins of adult disease. London:
BMJ Publishing, 1992.
2 Boushey CJ, Beresford SSA, Omenn GS, et al. A
quantitative assessment of plasma homocysteine as a risk
factor for vascular disease: probable benefits of increasing
folic acid intakes. JAMA 1995;274:1049–57.
3 Motulsky AG. Nutritional ecogenetics: homocysteinerelated arteriosclerotic vascular disease, neural tube
defects, and folic acid. Am J Hum Genet 1996;58:17–20.
4 Elwood JM, Little J, Elwood JH. Epidemiology and control of
neural tube defects. Oxford: Oxford University Press, 1992.
5 Penrose LS. Genetics of anencephaly. Journal of Mental
Deficiency Research 1957;1:4–15.
6 Botting B. Congenital anomalies. In: Botting B, ed. The
health of our children. Decennial Supplement. London:
HMSO, 1995:148–58.
7 Fedrick J. Anencephalus: variation with maternal age, parity,
social class and region in England, Scotland and Wales.
Ann Hum Genet 1970;34:31–7.
8 Martin WJ. The distribution in England and Wales of mortality from coronary disease. BMJ 1956;i:1523–5.
9 Britton M. Mortality and geography—a review in the
mid-1980s. OPCS Series DS No 9. London: HMSO, 1990.
10 Stocks P. Incidence of congenital malformations in the
regions of England and Wales. Br J Prev Soc Med 1970;24:
67–77.
11 Zarate AO. Levels and trends, 1955–91. International
mortality chartbook. Hyattsville, US: DHHS, 1994.
12 De la Chapelle A. Disease gene mapping in isolated human
populations: the example of Finland. J Med Genet 1993;30:
857–65.
13 Leck I. Spina bifida and anencephaly: fewer patients, more
problems. BMJ 1983;286:1679-80.
14 Carstairs V, Cole S. Spina bifida and anencephaly in
Scotland. BMJ 1984;289:1182–4.
15 Omran M, Stone DH, McLoone P. Pattern of decline in
prevalence of anencephaly and spina bifida in a high risk
area. Health Bull 1992;50:407–13.
16 Murphy M, Seagroatt V, Hey K, et al. Neural tube defects
1974–94—down but not out. Arch Dis Child 1996;75:
F133–4.
17 Stone DH. The declining prevalence of anencephalus and
spina bifida: its nature, causes and implications. Dev Med
Child Neurol 1987;29:541–9.
18 Osmond C. Coronary heart disease mortality trends in
England and Wales, 1952–1991. J Public Health Med 1995;
17:404–10.
19 Charlton J, Murphy M, Khaw K, et al. Cardiovascular
diseases. In: Charlton J, Murphy M, eds. Health of adult
Britain. London: HMSO, 1997.
20 Sytkowski PA, Agostino RB, Belanger A, et al. Sex and time
trends in cardiovascular disease incidence and mortality:
the Framingham Study, 1950–1989. Am J Epidemiol 1996;
143:338–50.
21 Elwood JH, Nevin NC. Factors associated with anencephalus and spina bifida in Belfast. Br J Prev Med 1973;27:73–
80.
22 Anderson WJ, Baird D, Thomson AM. Epidemiology of
stillbirths and infant deaths due to congenital malformation. Lancet 1958;i:1304–6.
23 Field B. Neural tube defects in New South Wales, Australia.
J Med Genet 1978;15:329–38
24 Heminki K, Mutanen P, Luoma K, et al. Congenital malformations with and maternal occupation in Finland: multivarate analysis. J Epidemiol Community Health 1980;35:5–10.
25 Naggan L, MacMahon B. Ethnic diVerences in the
prevalence of anencephaly and spina bifida in Boston,
Massachusetts. N Engl J Med 1976;277:1119–23.
26 OYce of Population Censuses and Surveys. Congenital
malformations and parents’ occupations. OPCS Monitor
MB3 1982;1:1–10.
27 Friel JK, Frecker M, Fraser FC. Nutritional patterns of
mothers and children with neural tube defects in
Newfoundland. Am J Med Genet 1995;55:195–9.

J Epidemiol Community Health: first published as 10.1136/jech.53.12.789 on 1 December 1999. Downloaded from http://jech.bmj.com/ on December 5, 2021 by guest. Protected by
copyright.

may counter any increased risk by lowering
plasma homocysteine levels thus increasing the
availability of the substrate needed for the
activity of MTHFR. The faulty genotype
would therefore only become pathogenic when
accompanied by marginal or low folic acid
intake.58 Indeed a Canadian retrospective study
has shown that serum folate correlates inversely with the risk of fatal CHD.62 More
recently, a large American cohort has also
reported lower relative risks for both fatal and
non-fatal CHD for women with a higher intake
of folate.66 The logical next step is to initiate
randomised controlled trials of folate supplementation to evaluate its impact on cardiovascular outcomes.67 68

793

Neural tube defects

51 Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study
Group. The eVect of vitamin E and beta-carotene on the
incidence of lung cancer and other cancers in male
smokers. N Engl J Med 1994;330:1029–35.
52 Hennekens CH, Buring JE, Manson JE, et al. Lack of eVect
of long-term supplementation with beta-carotene on the
incidence of malignant neoplasms and cardiovascular
disease. N Engl J Med 1996;334:1145–9.
53 Omenn GS, Goodman GE, Thornquist MD, et al. EVects of
a combination of beta-carotene and vitamin A on lung cancer and cardiovascular disease. N Engl J Med 1996;334:
1150–5.
54 McCully KS. Vascular pathology of homocysteinemia:
implications for the pathogenesis of arteriosclerosis. Am J
Pathol 1969;56:111–28.
55 Stamler JS, Osborne JA, Jaraki O, et al. Adverse vascular
eVects of homocysteine are modulated by endotheliumderived relaxing factor and related oxides of nitrogen. J
Clin Invest 1993;91:308–18.
56 Tsai J-C, Perella MA, Yoshizumi, et al. Promotion of vascular smooth muscle cell growth by homocysteine: a link to
atherosclerosis. Proc Natl Acad Sci USA 1994;91:6369–73.
57 Brattstrom L, Lindgren A, Israelsson B, et al. Hyperhomocysteinaemia in stroke: prevalence, cause and relationships
to type of stroke and stroke risk factors. Eur J Clin Invest
1992;22:214–21.
58 Stampfer MJ, Malinow MR, Willett WC, et al. A prospective
study of plasma homocysteine and the risk of myocardial
infarction in US physicians. JAMA 1992;268:877–81.
59 Arnesen E, Refsum H, Bonaa KH, et al. Serum total homocysteine and coronary heart disease. Int J Epidemiol
1995;24:704–9.
60 Gallagher PM, Meleady R, Shields DC, et al. Homocysteine
and risk of premature coronary heart disease. Circulation
1996;94:1–5.
61 Wilcken DEL. MTHFR 677C T mutation, folate intake,
neural-tube defect, and risk of cardiovascular disease. Lancet 1997;350:603–4.
62 Morrison HI, Schaubel D, Desmeules M, et al. Serum folate
and risk of fatal coronary heart disease. JAMA 1996;275:
1893–6.
63 Wilcken DEL. Distribution in healthy and coronary
populations of the methyltetrahydrofolate reductase
(MTHFR) C667T mutation. Arterioscler Thromb Vasc Biol
1996;16:878–82.
64 Van Bockxmeer FM. Methyltetrahydrofolate reductase gene
and coronary artery disease. Circulation 1997;95:21–3.
65 Ma J, Stampfer MJ, Hennekens CH, et al. Methyltetrahydrofolate reductase polymorphism, plasma folate, homocysteine, and risk of myocardial infarction in US physicians. Circulation 1996;94:2410–16.
66 Rimm EB, Willett WC, Hu FB, et al. Folate and vitamin B6
from diet and supplements in relation to risk of coronary
heart disease among women. JAMA 1998;279:359–64.
67 Graham I, Meleady R. Heart attacks and homocysteine.
BMJ 1996;313:1419–20.
68 Stampfer MJ, Rimm EB. Folate and cardiovascular disease.
JAMA 1996;275:1929–30.
69 US Department of Health and Human Services, Centers for
Disease Control and Prevention. Recommendations for the
use of folic acid to reduce the number of cases of spina
bifida and other neural tube defects. MMWR Morb Mortal
Wkly Rep 1992;41:1–7.
70 Department of Health. Folic acid and the prevention of neural
tube defects: report from an expert advisory group. Heywood:
Department of Health Publication Unit, 1992.
71 Clark NAC, Fisk NM. Minimal compliance with the
Department of Health recommendation for routine folate
prophylaxis to prevent neural tube defects. Br J Obstet
Gynaecol 1994;101:709–10.
72 Smith RB, Davies N, Davies J. Prevention of neural tube
defects. Lancet 1994;343:123–4.
73 Rose G. The strategy of preventive medicine. Oxford: Oxford
Medical Publications, 1992.
74 McCully K. The homocysteine revolution; medicine for the new
millenium. New Canaan, CT: Keats Publishing, 1997.

J Epidemiol Community Health: first published as 10.1136/jech.53.12.789 on 1 December 1999. Downloaded from http://jech.bmj.com/ on December 5, 2021 by guest. Protected by
copyright.

28 Drever F, Whitehead M, eds. Health inequalities. London:
OYce for National Statistics, 1997.
29 Mortensen JM, Stevenson TT, Whitney LH. Mortality due
to coronary disease analysed by broad occupational groups.
Archives of Industrial Health 1959;19:1–4.
30 Davey Smith G. Socioeconomic diVerentials. In: Kuh D,
Ben-Shlomo Y, eds. A lifecourse approach to chronic disease
epidemiology. Oxford: Oxford University Press,1997:248–
57.
31 Blakley RL, Benkovia SJ, eds. Folates and pterins. Vol L.
Chemistry and biochemistry of folates. New York: Wiley,
1984.
32 Harmon DL, Woodside JV, Yarnell JWG, et al. The common
“thermolabile” variant of methylene tetrahydrofolate reductase is a major determinant of mild homocysteinaemia.
Q J Med 1996;571:77.
33 Whitehead AS, Gallagher P, Mills JL, et al. A genetic defect
in 5,10 methylenetetrahydrofolate reductase in neural tube
defects. Q J Med 1995;88:763–6.
34 Ubbink JB, Vermaak WJH, van der Merwe A, et al. Vitamin
B-12, vitamin B-6, and folate nutritional status in men with
hyperhomocysteinaemia. Am J Clin Nutr 1993;57:47–53.
35 Kang SS, Zhou J, Wong PWK, et al. Intermediate
homocysteinaemia: a thermolabile variant of methylenetetrahydrofolate reductase. Am J Hum Genet 1998;43:
414–21.
36 Mills JL, McPartlin JM, Kirke PN, et al. Homocysteine
metabolism in pregnancies complicated by neural-tube
defects. Lancet 1995;345:149–51.
37 Daly L, Robinson K, Tan KS, et al. Hyperhomocysteinaemia: a metabolic risk factor for coronary heart
disease determined by both genetic and environmental
influences? Q J Med 1993;86:685–9.
38 Jacques PF, Bostom AG, Williams RR, et al. Relation
between folate status, a common mutation in methylenetetrahydrofolate reductase, and plasma homocysteine concentrations. Circulation 1996;93:7–9.
39 Thiersch JB. Therapeutic abortions with a folic acid antagonist, 4-aminopteroylglutamic acid amino PGA administered by the oral route. Am J Obstet Gynecol 1952;63:1298–
304.
40 Hibbard BM. The role of folic acid in pregnancy with particular reference to anaemia, abruption and abortion. Journal of Obstetrics and Gynaecology British Commonwealth
1964;71:529–42.
41 Hibbard ED, Smithells RW. Folic acid metabolism and
human embryopathy. Lancet 1965;i:1254.
42 Smithells RW, Sheppard S, Schorah CJ, et al. Possible
prevention of neural tube defects by periconceptional vitamin supplementation. Lancet 1980;i:339–40.
43 Laurence KM, James N, Miller M, et al. Double blind randomised controlled trial of folate treatment before conception to prevent recurrance of neural tube defects. BMJ
1981;282:1509–11.
44 MRC Vitamin Study Research Group. Prevention of neural
tube defects: results of the MRC Vitamin Study. Lancet
1991;338:131–7.
45 Czeizel AE, Dudas I. Prevention of the first occurrence of
neural-tube defects by periconceptional vitamin supplementation. N Engl J Med 1992;237:1832–5.
46 Van Allen MI, Kalousek DK, CherniV GF, et al. Evidence of
multi-site closure of the neural-tube in humans. Am J Med
Genet 1993;47:5.
47 Ulbricht TL, Southgate DAT. Coronary heart disease; seven
dietary factors. Lancet 1991;338:985–92.
48 Rimm EG, Ascherio A, Giovannucci E, et al. Vegetable, fruit
and cereal fibre intake and risk of coronary heart disease
among men. JAMA 1996;275:447–51.
49 Ness AR, Powles JW. Fruit and vegetables, and cardiovascular disease: a review. Int J Epidemiol 1997;26:1–13.
50 Jha P, Flather M, Lonn E, et al. The antioxidant vitamins
and cardiovascular disease: a critical review of epidemiologic and clinical trial data. Ann Intern Med 1995;123:
860–72.

