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Folic acid, folate and homocysteine: human intervention studies
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Folate is the generic name for all derivatives of the B a controlled dietary intervention study that a diet high in
vitamin with the biological activity of pteroylmonog- dietary folate from vegetables and citrus fruit (560 mg/d)
lutamic acid. Folic acid is the fully oxidised monogluta- decreased plasma total homocysteine concentrations and
mate form of the vitamin, whereas the other naturally improved the folate status [8]. The bioefficacy of the
occurring forms are referred to as folates. Folic acid dietary folate from vegetables and citrus fruit compared to
supplementation around conception decreases the risk of folic acid was 60% in this study. The bioavailability was
having offspring with a neural-tube defect [1,2]. Therefore, 78% when change in plasma folate was used as the
Governments in several countries advise women planning determinant of bioavailability and 98% when change in red
to become pregnant to consume additional folic acid or blood cell folate was used. However, women should still
folate to prevent neural tube defects. Women who have not be advised to take additional folic acid to reduce the risk of
previously given birth to a child with a neural-tube defect having a child with a neural-tube defect. Firstly, the above-
are advised to take 400 to 500 mg additional folic acid or mentioned problems with the intake of dietary folate still
folate each day from at least 4 weeks before pregnancy exist. Secondly, lowering homocysteine may decrease the
until at least the eighth week of pregnancy. Although lower risk of having a child with a neural-tube defect, but it is
doses may be effective, no randomised trials have been not certain.
carried out to test whether this is indeed the case. The Most studies that have investigated the effect of folic
underlying mechanism of the preventive effect of folic acid acid supplementation on plasma total homocysteine con-
is unclear. centration have focused on persons with plasma total

Some Governments specifically advise women to take homocysteine concentrations above the normal range.
additional synthetic folic acid, because the effectiveness of Refsum et al. concluded from a review of the literature that
natural food folate might be lower. Folate in food occurs in the relationship between plasma total homocysteine level
many different forms. It is unclear whether high intakes of and cardiovascular disease is continuous without an appar-
folate from food can also prevent neural-tube defects. ent threshold [9]. Therefore, the effect of intake of low
Furthermore, it is difficult for women to reach a daily doses of folic acid and of dietary folate on total plasma
intake of 400 mg of dietary folate. The average intake is homocysteine concentrations in subjects with plasma total
only about 250 mg per day [3]. On the other hand, not all homocysteine concentrations in the normal range is of
women in the target group do take folic acid tablets around interest.
conception [4,5]. In a placebo-controlled study with 144 healthy women,

Women who previously gave birth to a child with a we provided subjects with a normal homocysteine con-
neural-tube defect were shown to have elevated plasma centration, with either 500 mg of folic acid each day, 500
total homocysteine concentrations [6,7]. Thus, a decrease mg of folic acid every other day, or a placebo tablet daily
in homocysteine concentrations may result in a lower risk for 4 weeks [10]. Both folic acid intervention strategies
for having a child with a neural-tube defect. We showed in significantly improved plasma folate and red blood cell

folate concentrations. Intervention with 500 mg of folic
acid each day decreased plasma total homocysteine con-*Present address: Wageningen Centre for Food Sciences, Wageningen,

The Netherlands. centrations by 22% and intervention with 500 mg of folic
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acid every other day decreased the concentrations by 11%. synthetic folic acid. A high intake of dietary folate may
Supplementation with 500 mg of folic acid each day decrease the risk of having a child with a neural tube
caused the most distinct decrease in plasma total homo- defect, but intake of additional folic acid has been proven
cysteine concentrations in the first two weeks of supple- to do so.
mentation. Plasma homocysteine and folate improved after
as little as 1 week of supplementation. Neural tube closure
takes place during the third and fourth week of supple- References
mentation. Therefore, our results suggest that the rec-
ommended period of folic acid use of 4 weeks before [1] MRC Vitamin Study Research Group. Prevention of neural tube

defects: results of the Medical Research Council Vitamin Study.conception is sufficient to improve folate status. The
Lancet 1991;338:131–7.results even suggest that if women did not take folic acid

´[2] Czeizel AE, Dudas I. Prevention of the first occurrence of neural-
before pregnancy, for example in case of an unplanned tube defects by periconceptional vitamin supplementation. New
pregnancy, it might still be worthwhile to start taking Engl J Med 1992;327:1832–5.
additional folic acid immediately after missing the first [3] de Bree A, van Dusseldorp M, Brouwer IA, van het Hof KH,

Steegers Theunissen RPM. Folate intake in Europe: recommended,menstrual period.
actual and desired intake. Eur J Clin Nutr 1997;51:643–60.To gain more knowledge of the aetiology behind the risk

[4] de Jong-van den Berg LT, de Walle HE, van der Pal-de Bruin KM,
of having a neural tube defect, we performed a case- Buitendijk SE, Cornel MC. Increasing awareness of and behaviour
control study. We studied whether patients with spina towards periconceptional folic acid consumption in The Netherlands
bifida, a neural tube defect, have lower concentrations of from 1994 to 1995. Eur J Clin Pharmacol 1998;54:329–31.

[5] Sayers GM, Hughes N, Scallan E, Johnson Z. A survey ofblood folate and higher concentrations of fasting and
knowledge and use of folic acid among women of child-bearing agepost-methionine-load homocysteine concentrations. More-
in Dublin. J Public Health Med 1997;19:328–32.

over, effects of supplementation with 500 mg of folic acid [6] Steegers Theunissen RPM, Boers GH, Trijbels FJ, Finkelstein JD,
daily on the folate and homocysteine status in spina bifida Blom HJ, Thomas CM et al. Maternal hyperhomocysteinemia: a risk
patients (n511) and control patients (n512) were de- factor for neural-tube defects? Metabolism 1994;43:1475–80.

[7] Mills JL, McPartlin JM, Kirke PN, Lee YJ, Conley MR, Weir DG ettermined. Although the small sample size of the study does
al. Homocysteine metabolism in pregnancies complicated by neural-not allow us from drawing firm conclusions, the study did
tube defects. Lancet 1995;345:149–51.

not show a derangement in homocysteine metabolism in [8] Brouwer IA, van Dusseldorp M, West CE, Meyboom S, Thomas
the spina bifida patients compared to the control patients. CMG, Duran M, van het Hof KH, Eskes TKAB, Hautvast JGAJ,
Folic acid supplementation seemed at least as effective in Steegers Theunissen RPM. Dietary folate from vegetables and citrus

fruit decreases plasma homocysteine concentrations in humans in athe spina bifida as in the control patients.
dietary controlled study. J Nutr 1999;129:1135–9.In conclusion, low-dose folic acid supplementation

[9] Refsum H, Ueland PM, Nygard O, Vollset SE. Homocysteine and
effectively improves folate status and decreases plasma cardiovascular disease. Annu Rev Med 1998;49:31–62.
homocysteine concentrations in healthy young women. [10] Brouwer IA, van Dusseldorp M, Thomas CMG, Duran M, Hautvast
Although a high intake of dietary folate from vegetables JGAJ, Eskes TKAB et al. Low-dose folic acid supplementation

decreases plasma homocysteine: a randomized trial. Am J Clin Nutrand citrus fruit also improves folate status and decreases
1999;69:99–104.plasma homocysteine concentrations, women planning to

become pregnant should still be advised to take additional


