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1. Introduction 

Neural tube defects are severe congenital malformations of the central nervous system which occur 
more frequently in Ireland than in most other countries with an estimated current prevalence of 1.5 per 
1,000 bitths. It was scientifically proven in 1991 char the B vitamin, folic acid, taken before conception 
and during the early months of pregnancy (i .e. periconceptionally) could greatly reduce a woman's risk 
of having an affected pregnancy. During the next two years, departments of health in many countries 
issued recommendations on how women could reduce their risk of having a baby with a neural tube 
defect by taking extra folic acid or folate. In 1993 the Irish Department of Health issued a 
recommendation that women likely to become pregnant should take an extra 400 microgrammes (Ilg) 
of folic acid prior to conception and during the first twelve weeks of pregnancy. Research studies 
confirmed anecdotal reports that relatively few Irish women were taking folic acid periconceptionally. 
Amid growing concerns about the apparent low uptake of this effective intervention, the Food Safety 
Advisory Board established a Sub-Committee on Folic Acid and Neural Tube Defects with the 
foHowing terms of reference: 

"To 'examine and prepare a report on issues relating to increasing the intake of folic acid 
periconceptionally to prevent neural tube defects in Ireland, and to make 
recommendations". 

The Sub-Committee commenced its work in October, 1996 and held ten meetings. 

2. Description and prevalence of neural tube defects 

Failure of the embryonal neural tube to close nonnally results in a group of major congenital 
malfonnations known as neural tube defects (NTDs). These anomalies include spina bifida (51 %), 

anencephalus (40%), encephalocoele (8%) and iniencephaly (1 %). Anencephalus and iniencephaly are 
universally lethal conditions with death occurring either in utero or shortly after birth. About 80% of 
babies with spina bifida and encephalocoele survive the new-born period but the vast majority (85%) 
of these children have lifelong moderate or severe handicap. 

These severe congenital malfonnations of the central nervous system are a major cause of mortality and 
morbidity especially in pregnancy and childhood. At a prevalence rate at birth of 1.5 per 1000 births, 
about 75 babies are born with NTDs every year in the Irish Republic. Many more affected foetuses are 
lost as miscarriages. Women who have already had an affected baby have an increased risk of having a 
recurrence in a subsequent pregnancy. This risk is some 10 to 15 times greater than the background 
population risk so that the average risk of recurrence in Ireland is estimated to be about 15 per 1000 
births . Only 5% of NTD births are to women who have had a previously affected pregnancy (recurrent 
NTDs); the remainder are to women with no such history (occurrent or first-time NTDs) . 

Although the prevalence at birth in Ireland has fallen markedly over the past two decades, the condition 
is still more common in Ireland than in other European countries (Table 1). The demonstration that such 
devastating conditions could be largely prevented by simply taking extra folic acid around conception 
was a major breakthrough. 

3. Efficacy of folic acid in preventing NTDs 

The main evidence of the effectiveness of folic acid in preventing occurrent and recurrent NTDs comes 
from two types of studies: observational studies of dietary folate and of vitamin supplements containing 
folic acid and NTDs, and randomised and non-randomised intervention studies. The strongest scientific 
evidence comes from two randomised clinical trials, the Medical Research Council (United Kingdom) 
trial on NTD recurrence and the Hungarian trial on NTD occurrence. The Medical Re..<;earch Council 
(:rvrnC) trial published in 1991 conclusively established the efficacy of folic acid in preventing NTD 
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recurrence (MRC, 1991). This trial used a research design to investigate the effects of both high dose 
folic acid (4.0mg i.e. 4000flg daily) and a combination of other vitamins. The recurrence rate in the 
groups who received folic acid (1.0%) was significantly lower than that in the groups who did not take 
folic acid (3.5%), giving a 71 % protective effect. Thus. 29% of NTDs were not prevented by folic acid. 
The multivitamin combination without folic acid had no protective effect. In an earlier non-randomised 
clinical trial conducted by Smithells et al. (1983), a multivitamin supplement containing a much lower 
dose of folic acid, 360l-lg per day, seemed to be protective against recurrence but because of 
methodological problems in the study, the results were not widely accepted by the scientific community. 
Given that the subsequent MRC trial conclusively proved the efficacy of folic acid in preventing NTD 
recurrence, Smithells' findings are interesting in that they suggest that a substantially lower dose of folic 
acid might also be protective. The Smithells results using the 360l1g daily dose of fol ic acid were also 
important in influencing the decision on the choice of dose for preventing first-time NTDs. 

In the Hungarian trial (Czeizel and Dudas, 1992) a multivitamin preparation containing 800 
microgrammes (l1g ) of folic acid had a significant protective effect in women \vho had never had an 
affected child. There were no NTD births in 2104 women who received the multivitamin supplement 
containing folic acid compared with six cases in the 2052 who did not receive the supplement. 

There have been several observational studies of the effect of laking supplements containing folic acid 
on the risk of NTD occurrence, i.e. having a first-time affected baby (Winship et al, 1984; Mulinare et 
ai, 1988; Mills et aI, 1989; Milunsky et aI, 1989; Bower and Stanley, 1992; Werler et aI, 1993; Shaw et 
ai, 1995). These studies showed conclusively that women who took a vitamin (usually a multivitamin) 
supplement' containing about 400llg per day before and during early pregnancy reduced their risk of 
having an affected baby by an average of 60%. These observational studies and the research by the 
Smithells group provided the scientific support for the recommended dose of 400llg of folic acid for the 
prevention of NTD occurrence. 

From these studies it is estimated that folic acid prevents up to 71 % of all NTDs. The causes ofthe 30% 
of NTDs that appear not to be related to folic acid are not known, but are likely to include genetic and 
other enviromnental factors. 

4. Recommendations in Ireland and other countries on the use of folic acid to 
prevent NTDs 

Immediately after the publication in 1991 of the findings of the MRC trial which showed a protective 
effect of a 4.0mg daily dose of folic acid, the Departments of Health in the United Kingdom and the 
Centers for Disease Control in the United States (pan of the Public Health Service of the United States 
Government) issued recommendations on the prevemion of the recurrence of NTDs. Although the 
expert committees who examined the matter considered that a smaller dose of folic acid might also be 
prot~ctive, the higher 4.0mg dose used in the MRC trial was adopted for the recommendation to prevent 
recurrence. The key recommendation was that women with a previously affected pregnancy (who were, 
therefore, at increased risk of a recurrence in subsequent pregnancies) should be advised to take 4.0mg 
of folic acid daily from at least four weeks before conception until the end of the third month of 
pregnancy. In countries where a 5.0mg rather than a 4.0mg preparation is available, the fonner can be 
used but the lower 4.Omg dose should be used as soon as this preparation becomes available. 

Recommendations for the prevention of occurrent NTDs were issued by the United Kingdom and the 
United States govemments in 1992 (Expert Advisory Group, 1992; Centers for Disease Control, 1992). 
All women capable of becoming pregnant should consume 400l-lg of folic acid daily. Similar 
recommendations have been issued in Ireland and in other couOlries. In 1993, the Irish DepartmeOl of 
Health issued a recommendation that women likely to become. pregnant should take an extra 400l1g of 
folic acid prior to conception and during the first 12 weeks of pregnancy. This recommendation was 
published in a leaflet by the Health Promorion Vnir of the Department of Health and circulated. Four 
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possible ways of achieving an extra intake of folic acid/folate we-re outlined: eating more foods 

naturally rich in folate. eating foods fortified wim folic acid, taking folic acid as a medicinal or food 
supplemem and having a combination of these approaches. The general recommendation was that 

women should use whatever source or combination of sources they preferred to ensure that they 
obtained the necessary extra folic acid. 

5. Are women taking folic acid to prevent NTDs? 
Studies of awareness and use of folic acid to prevent NTDs in Ireland and in 
other countries. 

Awareness of the link between folic acid and NTDs and the periconceptional use of folic acid 
supplements to prevent NTDs have been investigated in a number of Irish studies (see Table 2). The 

periconceptional use of folic acid (usually defined in these studies as taking folic acid before pregnancy 
or during the first two months of pregnancy or both) ranged from 5.8% to 12.4% for women attending 
public antenatal clinics and 20.0% to 34.3% for women attending semi-private or private clinics in the 

Dublin maternity hospitals. In a study in the North-Eastern Health Board, 26.5% of women interviewed 
after delivery reported that they had taken folic acid before pregnancy (Howell et al, 1997). 

Use of folic acid supplements to prevent l'oIIDs would be expected [Q be greatest among women who 
planned their pregnancies and knew about me protective link between folic acid and NTDs. Limited 

data on this aspect are available in three studies conducted in the Dublin maternity hospitals. In a study 
by Milner et al (1996), even though all 40 private patients in the study claimed to be aware of the reason 
for supplementation with folic acid and 33 of these planned their pregnancies, only 8 women (Le. 24.2% 
of those who planned their pregnancies) took supplements . In another study by Sayers et a1 (1997) 
undertaken in the public antenatal clinics in the Dublin maternity hospitals in 1996, only 24% 
(representing nine women) of those who planned their pregnancies and knew why it was important to 

take folic acid before pregnancy, actually took it. SimHar findings were reported by Flynn et al (personal 
communication). Of 73 women who attended the public antenatal clinics in the Rotunda Hospital, who 
planned their pregnancies and who knew of the folic acid - NTD link., 23 (31.5%) said they took folic 

acid tablets before the pregnancy. The figure for semi-private clinic women was higher (46.9%). 

These findings demonstrate that knowledge and use of folic acid to prevent NTDs are at a 
disappointingly low level, especially for women attending public antenatal clinics who fonn the 
majority of pregnant women in Ireland. 

Compliance rates in England and Wales have also been low but appear to be improving over time. Folic 
acid supplementation rates in antenatal clinics in England and Wales have been reported at 3% for 
studies conducted in 1993 (Clarke and Fisk, 1994), 18% iD 1995 (Metson et al, 1995) and 26% in 1996 
(Carter and Lilford, 1996). In January 1996 the Health Education Authority in the UK launched a three

year £2.3 million education campaign aimed at health profeSSionals and the public for the purpose of 
increasing folic acid consumption by women planning their pregnancies. The interim results of a 
compliance study showed that of 752 women recruited between January and May 1996, over half knew 
that folic acid could prevent spina bifida and 26% of the pregnant women in the study had taken folic 
acid before conception (Carter and Lilford, 1996). 

In Western Australia where a campaign to promote the periconceptional use of folic acid and folate has 
been in operation since late 1992, there was a marked increase in knowledge of the association between 

folic acid and neural tube defects from 8% before the campaign began to 67% by early 1995 (Bower, 
1996). The percentage of women seen at antenatal clinics who reported increased intake of folate before 
pregnancy rose from 13. 1 % in 1993 to 30.6% in 1995 (Bower, 1996). 
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6. Need for more information on knowledge and use of periconceptional folic 
acid in Irish women 

The low levels of the periconceptional use of folic acid supplements documented in the Irish studies to 
date combined with the results from other countries following folic acid education campaigns, suggest 
that a public health strategy based on the prophylactic use of folic acid supplements to prevent NTD 
may nO( be fully successful. This raises the complex issue of mandatory fortification of food with folic 
acid as an alternative strategy. The Sub-Commiuee's view is that the food fonification approach can 
only be seriously considered if there is clear evidence that the supplementation straregy (with folic acid 
tablets) is unlikely to work. Many key questions which are fundamental to assessing the effectiveness 
of the supplementation approach, however, cannot be answered by the available research studies. 

Of those who say they took folic acid periconceptionally, what proportion took it before conception? 
AnecdO(al reports suggest that most women who take periconceptional folic acid only srart it when they 
go for a pregnancy test, which is unlikely (0 offer optimal protection to the developing foetus. What is 
the duration of supplementation in relation to the key sixth week of pregnancy when the neural tube 
is developing? What dose of folic acid was used? Was folic acid only taken or a multivitamin 
preparation containing foli c acid as well as other nutrients (the latter is not recommended because of 
the potential toxicity of some other nutrients, notably, vitamin A)? What proportion of those women 
who knew about the folic acid - NTD link opted for another route to increase folic acid intake e.g. foods 
fortified with folic acid or foods naturally rich in folate? 

The highest level of compliance would be expected in women who planned their pregnancies and also 
knew that periconceptional folic acid prevented NTDs. If a substantial proportion of such women did 
not take folic acid for a sufficient period to confer protection (say at least one month before the sixth 
week of pregnancy), then one could conclude with confidence that the supplementation approach would 
nO( work. This critical information which is central to a decision about the need for food fortification, 
·is not available from the studies carried out to date. 

Other important problems with the available studies are small nwnhers (in view of the small proportion 
of subjects taking periconceptional folic acid) and study samples which are not representative of the 
hospital populations in terms of public and private patient - mix. As already noted, compliance seems 
to be considerably higher in private compared with public patients. 

As this information is critical for evaluating the present situation and for determining the need (or 
otherwise) for the profoundly important policy issue of mandatory food fortification with folic acid, the 
Sub-Committee reconunends that a comprehensive survey, ideally nationally based, be carried out as 
soon as possible to provide this key information. 

6.1 Objectives of proposed study 

The general aims of the study would be (1) to determine the extent to which pregnant women in Ireland 
are taking an extra daily dose of 400).lg of folic acid during the periconceptional period to prevent NTDs 
as reconunended in the Department of Health guidelines, and (2) to obtain key infonnation on the use 
of folic acid supplements relevant to the issue of food fortification. Because the simplest and currently 
most popular method of obtaining extra folic acid is to take a daily supplement (table!), the main 
emphasis in the study should be on the use of such supplements. Other means of increasing intake, i.e. 
use of foods fortified with folic acid, or naturally rich in folate , should also be examined. It is envi saged 
that a large sample of women would be interviewed after delivery in the postnatal wards of obs!etric 
units throughout the country. The study would have the following specific objectives: 

1. To detennine the current prevalence of the periconceptional use of folic acid supplements to 
prevent NTDs in Ireland. 
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2. To ascenain the frequency of the use of increased intakes of 
(a) foods fortified with folic acid. and (b) foods nmurally rich in folate during the 
periconceptional period to prevent NTDs. 

3. To examine relevant aspects of this preventive strategy, notably duration and dose of 
supplementation; timing of supplementation in relation to the closure of the developing neural 
tube (six weeks gestation); type of supplement used. 

4. To assess knowledge about folic acid and its beneficial effect in NTDs and (0 ascertain the 
source(s) of this information e.g. general practitioner, pharmacist. women's magazines. 

5. To ascertain the frequency of supplementation in women whose pregnancies were planned and 
who knew about the link between folic acid and NTD prevention. 

6. To relate periconceptional supplementation to socio-demographic characteristics and other 
factors: maternal age, parity, marital status, educational status, private/public patient status; 
whether pregnancy was planned. 

7. To collect information on the current use of folic acid which would provide baseline data for the 
evaluation of future interventions. 

7. The strategies to prevent neural tube defects by folic acid or folate 

As noted above the reconuncndation in many countries relating to the prevention of NTD occurrence 
is that women who might become pregnant should consume an extra 4(0).lg per day of folic acid before 
and during early pregnancy. Both the British and the US recommendations suggested that this extra 
amount of folic acid could be achieved in three different ways: (a) increased intake of foods naturally 
rich in folate, (b) supplements (tablets) containing folic acid, and (c) food fonified with folic acid or a 
combination of all three. There was no discussion of any possible difference in the likely relative 
effectiveness of the three options. 

7,1. Increased intake of food naturally rich in folate 

It was probable that this option, while possible in theory, would prove a difficult way to achieve the 
intake of an extra 400).lg of folate. This is because the natural forms of folate found in food (collectively 
called folates) are less bioavailable and more susceptible to destruction in the body than the synthetic 
fonn of the vitamin (folic acid) . Folic acid is considered to be about twice as bioavailable as the natural 
fonn of folate. This means that a given dose of folic acid will result in a much greater increase in folate 

·status (measured by the amount of folate in the plasma and in the red blood cells) than the same dose 
of folate. One would expect, therefore, that achieving the required extra folate via the option of 
increased dietary intake would be unlikely to be successful for most women. This was shown to be so 
in an experimental study by Cuskelly et al (1995). In this study the relative effectiveness of the three 
options were compared. In addition, a funher group were given dietary advice similar to that given in 
the various official recommendations to prevent the occurrence of NTDs. The effectiveness of each 
regime was assessed by measuring the red cell folate level after the three months of the intervention. 
Red cell folate is recognised to give a very accurate reflection of folate intake during the four months 
life of the red blood cells in the circulation. 

Assessment of daily dietary intake was made at the beginning of the study. Tn the group receiving 4OOJ.lg 
extra folic acid in supplements (tablets) and those receiving such in food fortified with folic acid there 
was a highly significant increase in intake over the period of the study. A similar increase in intake was 
also shown in women receiving extra folate through the consumption. of foods naturally rich in folate. 
In this latter instance, they were given extra supplies of folate-rich foods to eal. There was no significant 
increase in intake in those given dietary advice or the control group. The important finding related to 
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eventual improvement in folate status as measured by red cell folate. While the increase in intake 
achieved by the fonner two methods was reflected in highly significant increase in status, no 
statistically significant increase was seen in those taking the extra foods naturally rich in folate, despite 
the demonstration that their intake had improved significantly. Although the authors expressed caution 
about their study because of the relatively small number of subjects, the findings suggest that while it 
is possible for a woman to increase her status by the ingestion of food naturally rich in folate, it is 
extremely difficult. The poorer bioavailability and stability of the natural fonns (folate) over the 
synthetic fonn (folic acid) make it clear that intervention based on the latter (fortified food or 
supplements) is much more likely to be successful. 

7.2. Supplements 

The option of using supplements (tablets) to prevent NTDs is really an excellent one for an individual 
woman. It will deliver the amount of folic acid estimated to be required (400j1g/day) with no known 
risk to the individual. It is problematic, however, as a public health measure for three reasons. Firstly, 
it is estimated that in most countries about half of all pregnancies, while not necessarily unwanted, are 
unplanned. Combining the data for three recent studies conducted in Dublin (Milner et al. 1996; Sayers 
et al, 1997; Flynn, personal communication), an average of 58.2% of the 1,145 women interviewed 
reported that their pregnancies were unplanned. It is difficult to envisage that a woman not planning a 
pregnancy would take action to prevent a possible NTD even if she was aware of the potential benefit. 
Secondly, evidence is available from the Irish studies already referred to of a lack of knowledge about 
folic acid and NTDs in a substantial proportion of the target population (women aged 15 - 45 years), 
although this is theoretically rectifiable by a comprehensive and sustained health education campaign. 
Thirdly, even if women are aware of the benefit, compliance is likely to be incomplete as illustrated in 
the Irish studies reviewed above. Optimum compliance could be expected in women who had planned 
their pregnancies and who knew before the pregnancy about the protective link between folic acid and 
NTDs; compliance among such women in these studies ranged from 20.0% to 46.9%. 

7.3. Food fortified with folic acid 

Eating sufficient quantities of food fortified with folic acid is another way of increasing folic acid 
intake. One has to distinguish t\\'o different ways in which this option might be exercised, voluntary 
food fortification and mandatory food fortification. 

7.3.1. Voluntary food fortification 

With such an option it would be left to individual manufacturers to add folic acid to specific products. 
This is done at the moment for certain foods e.g . breakfast cereals. breads, milk etc. For this option to 
be effective, it would require either that women who might become pregnant take such specific products 
in the correct amount or alternatively that the general intake of such products is so widespread as to 
ensure that the vast majority of women receive an extra 400j1g per day of fol ic acid through such food. 
The elective ingestion of such fortified food is associated with the same problems encountered in taking 
supplements i.e. the large number of unplanned pregnancies, difficulty infonning women of the benefit 
and compliance. Such a course of action would be even less likely La succeed than supplemenls, because 
in Ireland at present advertising that such fortified foods would prevent NTDs would constitute a 
"health claim" which would not be allowed under current legislation. The possibility that fortification 
of food \vith folic acid would become so widespread that all women would get 400j1g per day is also 
not likely to happen. There is little commercial incentive for most manufacturers to add folic acid in the 
absence of a health claim. Tn addition, if such fortification becomes so widespread, it would. by its 
nature, be very random and uncontrolled. It might thus lead to a haphazard over-exposure to high levels 
of folic acid not only in the target group but in other sectors of the population e.g. if fortification of all 
milks became extensive it might impact most significantly in increased intakes of folic acid in children 
more than the target group of women of childbearing age. 
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7.3.2. MandalOry joodjorrijicarion 

With this approach the relevant regulatory authority, with Government approval and appropriate 
legislation, would require that a certain dietary staple or staples would be fortified to a specific agreed 
level. The staple chosen would try to ensure effective cover of the target group with as little excess 
exposure as possible to other groups. Unfortunately, there is no particular staple that is exclusive to 
women of childbearing age. It is thus inevitable that such mandatory forti fication will impact to a 
greater or lesser extent on other sectors of the community. In the US where such mandatory fortification 
will apply by the stan of next year, the staple chosen was flour (Food and Drug Administration, 1996). 
Its fortification will thus introduce folic acid into all breads and all food containing flour such as pastas, 
confectionery etc. By knowi ng the likely intake of such foods in the target group and in the population 
generally, it is possible to produce models of intake of folic acid. The difficulty is that the higher the 
target level the greater the exposure to those on high intakes not only in the target group but in the 
general population. Thus, if one tries to ensure that virtually all women receive an extra 4(0)lglday of 
folic acid in flour, one has to envisage that some women will consume very little of this staple and thus 
ensure that the 4(0)lg is present, say, in one slice of bread per day. However, many in the population 
will eat 10 slices of bread per day and thus would have an increased intake of folic acid of 4.0mg per 
day. Such large intakes would have potential adverse effects on sectors of the community (see section 
below). Thus the Food and Drug Administration (FDA), the regulatory body in the US, decided on a 
level of fortification of flour of 140)lg of folic acid per 100 grams flour (Food and Drug Administration, 
1996). Modelling, using known food intakes in the US population, shows that this is likely to result in 
a mean increase in intake of lOO)lg per day. Thus over half of the population will receive less than the 
exlra lOO)lg per day while the currently agreed target figure to prevent NTDs is 400)lg per day. Current 
research suggests, however, that the 4(0)lglday figure may be revised downwards. It must also be 
recognised that the protective effect of folic acid in preventing NTDs is not linear (Daly et aI, 1995). 
The risk of an NTD pregnancy for a woman of very poor folate status may be as high as 7 per 1000 
births. This quickly falls as status improves. Even moderate improvement in status reduces the risk re 
about 2 per 1000. While further reduction in risk is possible, it requires progressively higher intakes to 
achieve. Thus inc.reases of even 50 or 100 )lg per day, while not providing optimum protection, would 
give a proportionately higher reduction because of the non-linear effect of increased levels of folate 
status on the reduction of NTDs. Thus any fortification regime that impacts generally will have the 
greater impact on those of poorer status but will also produce the greater reduction in the prevalence of 
NTDs. 

The policy in the US has thus been to go for a low target level which, while being recognised as nor 
being optimum, will still have a significant impact. In addition, it will produce increased intake in those 
on high intakes that will be sufficiently modest as to be unlikely to cause any toxicity. 

Recognising that their policy of fortification of flour will be less than optimal, the FDA have decided 
to continue re allow, indeed to almost encourage, the continued fortification of traditionally fortified 
foods such as breakfast cereals. This allows women who are informed to take the additional option of 
ingesting an extra amount of folic acid so as to ensure optimum protection. In this context they also 
allow a health claim on such foods. Furthermore, folic acid supplements at the level of 400)lg per tablet 
continue [0 be available for those who wish to take them. 

8. Safety considerations in taking folic acid 

As mentioned above. the natural fonn of the vitamin that occurs in food is called folate and is a reduced 
conjugated fonn. The form used in making supplements and in fortified food is the chemically 
synthesised form properly called folic acid. It does not occur in nature. After its absorption from the 
intestine folic acid is reduced into the naturally occurring form. This is done in its transit through the 
mucosal cells which convert it to the circulating fonn 5-methyhetrahydrofolate monoglutamate. This 
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form is then taken up by cells from the circulation and after it is conjugated with extra glutamates, is 
retained by cells. The reduction of folic acid during its passage through the mucosa is extremely dose
dependent. At levels of ingestion of amounts of folic acid of 300flg and above, some unaltered folic acid 
is found in the plasma (Kelly et aI, 1997). If folic acid was not given as a single dose but throughout 
the day it might be expected that the capacity of the intestinal mucosa to convert the synthetic form 
(folic acid) into the natural forms (folate) would be greater than 300 flg per day. It is unclear if the 
presence of the synthetic form in the plasma represents any particular hazard either to adults or to a 
developing embryo in utero. If there is a problem for the latter, it is likely to exist only in the flrst 
trimester since folic acid in quite high amounts of between 400-4000flg daily have been routinely given 
prophylactically in the second and third trimester of pregnancy to prevent folate deflciency of 
pregnancy which occurs in some women who start pregnancy with poor folate stores. 

The greatest concern with respect to the safety of folic acid relates to its established role in complicating 
the diagnosis of people with vitamin B 12 deficiency. Vitamin B 12 deficiency is a rare occurrence, it 
being a vitamin that is abundant in all diets with the exception of those on very strict vegetarian diets 
(so called vegans). Apart from vegans this vitamin can become deflcient through its malabsorption. It 
is a large vitamin which, to be absorbed at physiological concentrations, requires the gastric enzyme 
pepsin, gastric acid and a glycoprotein called intrinsic factor which is secreted by the parietal cells of 
the stomach. Progressively, as people get older, a number will develop reduced acid secretion in their 
stomachs. This so called achlorhydria will then make the absorption of food vitamin B12 more difficult 
but will still allow for the absorption of free vitamin B12 added to the diet either in supplements or by 
way of food fortiflcation (Carmel, 1995). A further complication occurs in the elderly, namely 
pernicious anaemia. This leads to destruction of the parietal cells with consequent elimination of the 
secretion of the glycoprotein intrinsic factor. In such circumstances not only is food-bound vitamin B12 

malabsorbed as well as any vitamin B 12 added to the diet, but vitamin B 12 being secreted on a regular 
basis in bile is also malabsorbed. This leads to a daily loss of vitamin B12. The combination of this loss 
plus the absence of absorption of dietary B12 progressively depletes the body's stores of the vitamin. 
While these stores are initially substantial, enough to last perhaps a number of years, once they are 
depleted and the negative balance is established, the body quickly becomes depleted of the vitamin. 

In the absence of vitamin B12, folate metabolism is interfered with and an anaemia develops similar to 
that seen in folate deflciency. This anaemia can of course be easily treated by giving vitamin B12 which 
must be administered by injection to get around the problem of its malabsorption. The anaemia will also 
be reduced or eliminated if the patient with pernicious anaemia receives large oral doses of folic acid. 
However, vitamin B12 deflciency is also associated with a neuropathy. The nerve damage is, unlike the 
anaemia, largely irreversible once it has progressed beyond a certain stage. Giving folic acid, by 
masking the emergence of the anaemia, makes its diagnosis dependent upon the detection of the 
neuropathy. The neuropathy presents as tingling of the flngers, ataxia, loss of memory in the early 
stages, eventually progressing to paralysis and eventually death if left untreated. In its earlier stages it 
is much more difficult to diagnose than the anaemia. Traditionally, about one-third of patients present 
with the anaemia only, one-third with neuropathy and one-third with both. Thus in two-thirds of cases 
of pernicious anaemia the diagnosis can be made through the presence of the anaemia. Daily ingestion 
of large amounts of foli~ acid, by masking the anaemia, can thus make it possible for such patients to 
be missed, presenting ultimately with the neuropathy. The neuropathy will be more advanced and may 
be partially or completely unresponsive to treatment with parenteral vitamin B 12 although such therapy 
will stop its further progression. 

There are three considerations, however, in getting the potential damage of this masking · of the 
diagnosis of pernicious anaemia into perspective. Firstly, it is a rare condition. In Caucasians it only 
begins to emerge in those over 50 years and the prevalence increases with age. It is difficult to obtain 
accurate flgures on prevalence because it is so rare but it could be less than 1 in 100000 in the general 
population, perhaps increasing to 1 per 1000 in those over 65 years (Chanarin, 1979). Secondly, the 
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concentration of folic acid needed to bring about the masking of the anaemia is considered by most to 
be in excess of lOOOf.lg per day, although some have suggested that lower amounts may also do this 
(Savage and Lindenbaum, 1995). Finally, cases of irreversible neuropathy are seen so infrequently 
nowadays that most clinicians consider that even the earliest signs of neuropathy, when it is still 
completely reversible, are recognised as potentially being due to pernicious anaemia. This would 
prompt a clinician seeing a patient in advancing years showing any of these signs or symptoms to have 
hislher plasma vitamin B 12 level measured. 

A possible option within any fortification programme, particularly if higher levels of folic acid are used 
in such fortification, is to institute a monitoring programme in the elderly to detect vitamin B 12 
deficiency. 

An alternative suggestion is to cofortify with vitamin B 12 as well as folic acid. The addition of 
physiological levels of BI2 to the diet might help in achlorhydria where only food vitamin B12 is being 
malabsorbed but it would be of no value in classical pernicious anaemia where there is an absence of 
the glycoprotein intrinsic factor. Between 1% and 3% of oral vitamin B 12 is absorbed by passive 
diffusion. It has thus been suggested that if enough is added during cofortification, those with pernicious 
anaemia could get enough B 12 by passive diffusion. If one takes the daily requirement for vitamin B 12 
to be 2.0f.lg one would need hundreds of f.lg of vitamin B 12 to be present in daily food to achieve this. 
While there are no known effects of excessive intakes of vitamin B 12 the presence of vitamin B 12 at 
levels of fortification of hundreds of times its RDA in the whole population would be a major departure 
from conventional nutrition. 

9. Recommendations 

Taking extra folic acid before and during early pregnancy is an effective health care initiative for the 
primary prevention of NTDs. Current levels of use of this preventive intervention in Ireland are 
unsatisfactory and urgent action is needed to improve the situation. 

There has been no comprehensive health promotion campaign to promote this intervention to date in 
this country and we strongly recommend that such a campaign be initiated immediately. The relatively 
low levels of periconceptional supplementation with folic acid even in optimal circumstances, i.e. 
among women who know about the link between folic acid and NTDs and who plan their pregnancies, 
are of concern, raising doubts about the likely effectiveness of the health promotion approach. The 
alternative or complementary strategy of fortifying a staple food with folic acid, therefore, requires 
urgent consideration. We recognise, however, that 'consideration of mandatory food fortification will 
take time and that, even in the event of the government ultimately deciding to proceed with this option, 
there will be a time delay before implementation. This emphasises the urgency of introducing the health 
promotion campaign which is the only immediate practicable way of increasing the periconceptional 
use of folic acid. 

There are many questions about the present use of periconceptional folic acid in Ireland which cannot 
be answered from the available data. This information is key to evaluating the present situation and to 
a consideration of the need for food fortification. We recommend, therefore, that a study be carried out 
to provide relevant data. 

The Sub-Committee makes three key recommendations. 

Firstly we recommend the immediate introduction of a comprehensive and sustained health promotion 
campaign at both the national and local level to promote the use of periconceptional folic acid. 

Secondly, we recommend that the Sub-Committee on Folic Acid should examine the fortification of a 
staple food or foods with folic acid as an alternative or complementary strategy. 

Thirdly, we recommend that a study be undertaken to provide the data necessary for a comprehensive 
evaluation of the periconceptional use of folic acid. 
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Detennining the best way to increase the pericollceptional use of folic acid to reduce neural tube defects 
is a complex issue and our recommendations are made in the light of current knowledge and research. 
The issue clearly needs to be re-examined by an expen group (similar to the Sub-Committee on Folic 
Acid and Neural Tube Defects) in the light of 

(a) the progress of the health promotion campaign, 

(b) the recommendations of the expert group on food fortification, 

Cc) the fmillngs of the study on the periconceptional use of folic acid, and 

Cd) other research findings. 

Specific recommendations are set out below. 

9.1. National health promotion programme to increase the periconceptional use of folic 
acid 

A national health promotion and public education campaign on the periconceptional use of folic acid to 
prevent spina bifida and other neural tube defects should be implemented urgently by the Health 
Promotion Unit of the Department of Health and Children. The advice of the Sub-Committee on Folic 
Acid should be sought by the HealLl] Promotion Unit. 

The aims of the programme are to improve knowledge, attitudes and behaviour in relation to folic acid 
intake in the periconceptional period. 

As the population target group is not homogeneous, an effective strategy may require several 
approaches to effect changes. The target groups include: 

General - all women of childbearing age 
Specific - identified sub-groups with panicular needs 

A consultation process should be initiated to fonnulate an education strategy, specific outcomes and 
evaluation procedures. 

Those involved in the commltation process should include:-

• those delivering the message directly: health professionals in hospitals, clinics and in the 
community, Department of Health and Children, Health Board policy makers, educational 
professionals, student unions, community workers, youth leaders etc. 

• those delivering the message indirectly: e.g. media consultants, pharmacy outlets, producers 
of female orientated products-producers of pregnancy testing kits and sanitary products, 
producers of foods already fottified with folic acid. 

• the target group: women from various socio-econonllc backgrounds and age groups. 

While those organising the national health education campaign will decide on the content of the 
programme, we recommend that the following basic points should be included in the specific advice 
offered to women to prevent occurrence and recurrence of neural tube defects. 

9.1.1 Specific advice to women to prevent occurrence of neural tube defects 

• Women of childbearing age should be advised mat the best way of preventing :t\TTDs is to take 
a daily supplement (tablet) containing 4OO).Ig of folic acid from at least four weeks before 
conception and to continue until the end of the 12th week of pregnancy. 

• Women should also be advised that another way of getting the extra folic acid is to consume 
foods fortified with folic acid. 
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• Women (and health professionals) should be made aware of the fact that consumption of foods 
naturally rich in folate is a much less effective way to increase body folate status (and, 
therefore, protection against neural robe defects) compared with taking folic acid supplements 
or fortified food. 

• A nutritious food intake IS important and shou ld be encouraged to supply other essential 
nutri ent,>. 

• Women who suspect that they may be pregnant and who have not been supplementing their 
diet with folic acid should immediately begin taking a supplemem containing 400!J.g of folic 
acid and continue for the first 12 weeks of pregnancy. 

• To avoid taking excessive doses of folic acid, women should be advised that it would be 
prudent not to consume more than lOOOj.lg (lmg) daily. 

• The folic acid dose should be obtained from pills containing only folic acid and not from 
multivitamin preparations, because of the danger. particularly to the developing foetus, of 
taking hannfullevels of other vitamins often contained in these preparations, notably vitamins 
Aand D. 

• Because folic acid can interfere with anti-convulsant drugs, women who have epilepsy and 
who are on such medication require individual counselling from a medical practitioner before 
starting folic acid. 

9.1.2 Specific advice to women to prevent recurrence of neural tube defects 

To prevent the recurrence of NTDs in parents who have had a previously affected pregnancy or who 
have spina bifida themselves: 

• Both parents should be counselled about the increased risk of having an affected pregnancy 
and about the protective effect of supplementation with folic acid. 

• Women who could become pregnant should, unless contraindicated, be advised to take 4.0mg 
of folic acid daily from at least four weeks before conception until the end of the 12th week 
of pregnancy. A 4.0mg dose is not available in Ireland and so a 5.0mg dose (which is routinely 
available) is advised. 

The 4.0mg dose was shown to be efficacious in preventing NTD recurrence in the MRC trial. 
To avoid taking an unnecessarily higher dose. therefore, the pharmaceutical industry should 
be approached with a view to producing a 4.0mg preparation which, when available, should 
be used in preference to the 5.0mg dose. 

• The 4.0mg or 5.0mg dose should be taken only under the supervision of a doctor for two main 
reasons. 

Firstly, giving high doses of folic acid can complicate the diagnosis of vitamin Bl2 deficiency. 

Secondly, as already noted, women with epilepsy who are on anti-convulsant therapy require 
individual counselling from a medical prdctitioner before starting folic acid. 

9.2. Food f orlificatWn 

The question of compulsory fortification of one or more staple foods as possibly the only method of 
ensuring an adequate intake of folic acid on a population basis should be addressed urgently. We 
recommend, therefore, that the Sub·Committee on Fol ic Acid should co-opt such experts as are needed 
to consider this issue and report to the Board. 
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This will entail an examination of the legislative, commercial, logistical and informed consent aspects 
of such an intervention. A cost benefit analysis would also be required. 

The Sub-Committee do not feel that it is advisable that any group established by the Board to consider 
mandatory food fortification with folic acid, be tied to one specific figure for folic acid intake or any 
specific distribution of folic acid intake arising from mandatory fortification. Rather, it would 
recommend that such a group consider a number of options with regard to the level of fortification and 
the targeted foods. The final decision should be taken by the Board (on the recommendation of the 
present Sub-Committee if the Board wishes - clarification being sought from the Board) taking into 
account evolving research fmdings in this area and also the findings of the forthcoming research study 
on the periconceptional use of folic acid. 

I{ the Food Safety Advisory Board ultimately recommends food fortification, we urge the Board to 
advise the Department of Health and Children on optimal strategies to minimise the risks to the elderly 
arising from vitamin B12 deficiency. 

9.3. Proposed study on the use of folic acid to prevent neural tube defects 

We recommend that a comprehensive survey be carried out forthwith to ascertain knowledge and use 
of periconceptional folic acid to prevent neural tube defects among Irish women. This study would 
provide key information relevant to evaluating present practice and to a consideration of the option of 
food fortification as a public health strategy. This survey should also provide baseline data which would 
permit future interventions to be evaluated. 

We also emphasise the importance of ongoing evaluation of the effectiveness of health promotion 
campaigns to increase the periconceptional use of folic acid. 
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Table 1: 

Prevalence rates (per 10,000 births) of neural tube defects in EUROCAT registries, 1990 - 1994. 

Re~istry Rate 

Dublin 14.2 

Galway 14.7 

Belfast* 10.0 

Glasgow* 15.9 

France (Paris)* 12.1 

Netherlands (Groningen)* 11.5 

Spain (Basque Country)* 11.0 

Belgium (Antwerp) * 10.0 

Denmark (Odense)* 9.1 

Italy (Thscany)* 6.8 

Switzerland* 5.6 

Source: EUROCAT Central Registry, Brussels 

*Rates include induced abortions following prenatal diagnosis 
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Table 2: 

Studies of awareness of folic acid and periconceptional use of fol ic acid supplements in I reland 

Author Population 
(Year of Fieldwork) 

l\.1ilncr et al. (199 5) Antenatal 
booking clinic 
Public: (n=239) 
Private: (n=70) 

Milner et al. (1995) Infertility dinic 
(n=52) 

Sayers et al. (1995) Community sample 
of women 
aged 15 - 44 
(n=355) 

Sayers et al. (1996) Public antenatal 
booking clinic 
(n=295) 

Ronis et at. ( 1996) Secondary 
school students 
(n=220) 

Ronis et at. (1996) Antenatal mothers 
(n=34) 

Howell et at. (1996) Postnatal (4 weeks) 
(n=287) 

Flynn et al. (1995) Antenatal 
booking clinic 
Public: 
(n=496) 
Semi-private: 
(n=70) 

Heard of 
folic acid 

Public: 
118 (50%) 
Pri.'ate: 
40 (100%) 

35 (64%) 

213 (63.6%) 

158 (53.6%) 

73% 

14 

Knew reason for 
supplementation 

Puhlic: 
60 (25%) 
Privllfe: 
40 (100%) 

31 (51\%) 

36 (16.9%) 

62 (21%) 

8 (4%) 

2 (5.8%) 

166 (57 .8%) 

Took 
periconceptional 
folic acid 

Public: 
12 (5%) 
Private: 
8 (20%) 

12 (26%) 

14(7%) 

17 (5.8%) 

N/A 

4 (12.4%) 

76 (26.5%) overall 
Louth - 16.5% 
Meath - 31.0% 

Public: 
52 (10.5%) 
Semi-private: 
24 (34.3%) 

Pregnancy 
planned 

Public: 
96 (40%) 
Private: 
33 (82%) 

KIA 

131 (44%) 

N/.A. 

Public: 
163 (32.9%) 
Semi-private: 
54 (77.1%) 
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