Chapter 20
Folic Acid to Prevent Neural Tube Defects: Success
and Controversies

Philippe De Wals

Key Points

» The impact of folic acid food fortification in Canada is described and current controversies are discussed.

e Mandatory fortification of many cereal products was implemented in 1998.

e Level of fortification is set at 0.15 mg/100 g for flour and cornmeal.

e The estimated average additional intake is approximately 150 pg/day.

* Folate deficiency in the population was virtually eliminated.

* The overall frequency of neural tube defects was reduced by a factor of 2 and geographical variation
almost disappeared.

e Adecrease in the birth frequency of congenital cardiovascular malformations, of Wilms’ tumor and
neuroblastoma in children, and of stroke mortality in adults was also observed.

e Currently, there is no consensus regarding the folic acid supplement dose to recommend for women
of childbearing age, the safety and potential effectiveness of increasing folic acid fortification
level, and the potential impact and feasibility of fortifying food with vitamin B12.
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Abbreviations

FA Folic acid
NTD Neural tube defect

Introduction

This chapter contains the story of folic acid (FA) food fortification in Canada. The first section
describes the context in which the decision was made to pass a regulation requiring flour producers to
fortify a wide range of products with the aim of preventing neural tube defects. In Part II, the results
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of impact studies are described: increase in dietary intake, improvement in folate status, and reduction in
the frequency of neural tube defects and possibly other congenital anomalies, cardiovascular disease,
and some pediatric cancers. The difficulties involved in studying the adverse effects of fortification
are discussed. Finally, three current controversies are summarized: the folic acid recommendation for
women of childbearing age, increasing FA fortification levels, and fortifying food with vitamin B12.

Implementation of Folic Acid Fortification in Canada

How the Decision Was Made in Canada

Irrefutable evidence of the protective effect of folic acid was provided when the results of a random-
ized trial piloted by the Medical Research Council at 33 centers in 7 countries were published in 1991 [1].
This sparked an immediate debate in the United States regarding the merits of different preventive
strategies such as improved nutrition, taking vitamin supplements, and fortifying the food chain [2, 3].
The debate received a lot of publicity and involved a large number of public organizations (Centers
for Disease Control and Prevention, Food and Drug Administration, Institute of Medicine), professional
bodies (American Medical Association, American College of Preventive Medicine, American College
of Medical Genetics, American Academy of Paediatrics, American College of Obstetrics and
Gynaecology, American Academy of Family Physicians), the industry (flour producers, vitamin manu-
facturers), and academia. With some difficulty, a consensus was reached to recommend a policy of for-
tifying a wide range of food products [4, 5]. Impact analyses were done to determine which food products
should be fortified in order to increase the dietary intake of the largest possible number of women of
childbearing age while ensuring that average daily intakes remained within safe limits. In the end, a
regulation was passed making the fortification of certain foods mandatory starting January 1, 1998 [6].

In Canada, regulations involving food are the responsibility of Health Canada. At that time there was
no public health agency operating with a certain degree of independence of the government as was the
case with the Centers for Disease Control in the United States. The debate received little attention and
took place behind the scenes at Health Canada. In March 1996, a workshop was organized to examine
the issue of the prevention of neural tube defects [7]. There was not enough support for a regulation
making fortification mandatory, and the only recommendation was to conduct a fortification pilot project
(which was never done). In the next few years, pressure was exerted by the agrifood industry in gen-
eral and flour producers in particular, who were unhappy about having to meet different standards for
products sold in the USA and Canada. This pressure, combined with pressure from the public health
network in the United States, finally persuaded Health Canada to support a common policy. The Food
and Drug Regulations were amended in December 1996 to allow the fortification of certain products
with folic acid [8] and then again in November 1998 making fortification mandatory in order to bring
the fortification levels of flour in Canada in line with those in the United States [9].

How the Program Was Implemented in Canada

The level of fortification set in Canada is 0.15 mg/100 g for flour and cornmeal and 0.20-0.27 mg/100 g
for pasta, as in the United States. In the USA, but not Canada, rice may be enriched at 0.154 mg/100 g
up to a maximum of 0.308 mg/100 g and corn grits and farina at 0.15 mg/100 g. Breakfast cereals may
be enriched up to 400 pg per serving in the USA and up to 60 pg per serving in Canada. In order to
meet US requirements for imported flour on January 1, 1998, the Canadian industry started fortification
early in 1997 [10]. Biochemical analysis of food products in Canada suggested that actual FA levels
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in food could be somewhat higher than recommended as manufacturers were extra careful about
meeting required levels [11].

There are no specific data concerning the extra cost of this fortification in Canada. Synthetic folic
acid is not expensive to make, and flour producers should already have been doing some fortification
to offset the losses in the cooking process. In the United States, the total cost of the operation was
estimated to be three million dollars per year, or less than 1 cent per person [12]. For the industry, this
cost is minimal and did not result in any price increase for the fortified products.

Although the avowed aim of the policy was to prevent neural tube defects, virtually no consid-
eration had been given to measuring the impact of the policy. Canadian researchers had to step in to
study this aspect.

Impact of Folic Acid Food Fortification in Canada

Intake of Folic Acid

The goal of fortification was to provide an additional 100 pg/day of FA to women of childbearing age
[9]. A study of pre-fortification vs. post-fortification folate levels in Ontario women of childbearing
age found geometric mean red cell folate levels of 527 nmol/L vs. 741 nmol/L, with serum B12 levels
remaining unchanged [13]. On the basis of the increase in serum folate concentration reported in
Ontario, it was estimated that the fortification program increased folic acid consumption by 150 pg/
day [14]. Based on four provincial dietary surveys conducted in Canada since fortification and assuming
addition at the levels required by regulation, the average estimated additional intake was 131 pg/day
among women 19-30 years of age (Lee NS, Food Directorate, Health Canada, written communication,
August 25, 2006).

Folate Status

A cross-sectional study was conducted between August 1996 and July 1997 among pregnant women in
Newfoundland during the first prenatal visit to obtain pre-fortification baseline data [15]. On the basis of
the interpretive criteria used for red blood cell folate status, 11 % of the women were deficient
(<340 nmol/L) and a further 13 % were classified as indeterminate (340—420 nmol/L). In 2007-2009,
the folate status of a nationally representative sample of Canadians, including a subset of women of
childbearing age, was assessed [16]. Less than 1 % of Canadians showed folate deficiency (red blood
cell folate <305 nmol/L) and 40 % showed high folate concentrations (>1,360 nmol/L). Among women
of childbearing age, 22 % showed concentrations below those considered optimal for maximum neural
tube defect risk reduction (<906 nmol/L). No differences by age or income were found among women
of childbearing age. Today, folate deficiency is virtually nonexistent in the Canadian population. As a
result, ordering folate assays is no longer recommended for the investigation of anemia [17].

Neural Tube Defects

Changes in the frequency of neural tube defects before and after food fortification with folic acid were
assessed in a multicentric study in seven Canadian provinces from 1993 to 2002 [10]. The study popu-
lation included 1.9 million live births, stillbirths, and terminations of pregnancies because of fetal
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Rate per 1000 Births

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

Year
All neural-tube defects 1.55 1.59 1.55 1.69 1.50 1.14 0.99 0.86 0.86 0.86
Spina bifida 0.83 0.84 0.89 0.91 0.77 0.62 0.53 0.39 0.41 0.41
Iniencephaly 0.02 0.03 0.01 0.01 0.03 0.01 0.00 0.01 0.00 0.00
Encephalocele 0.19 0.17 0.16 0.18 0.15 0.14 0.12 0.15 0.10 0.10
Anencephaly 0.51 0.55 0.47 0.56 0.52 0.36 0.33 0.29 0.34 0.34
Neural-tube defect NOS 0.00 0.00 0.01 0.03 0.03 0.01 0.01 0.02 0.01 0.01

Fig. 20.1 Prevalence of neural-tube defects, according to diagnostic category, in seven Canadian provinces from 1993
through 2002 (Reprinted with permission from the New England Journal of Medicine [10])
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Fig. 20.2 Prevalence of neural tube defects in seven Canadian provinces before (upperline) and after (lower line) folic
acid food fortification. NFL Newfoundland and Labrador; PEI Prince Edward Island; NS Nova Scotia; QC Quebec; AB
Alberta; BC British Columbia (Adapted from the New England Journal of Medicine [10])

anomalies. The prevalence of neural tube defects decreased from 1.58 per 1,000 births before
fortification to 0.86 per 1,000 births during the full-fortification period, a statistically significant
reduction of 46 % (Fig. 20.1). The observed reduction in rate was greater for spina bifida (a decrease
of 53 %) than for anencephaly and encephalocele (decreases of 38 % and 31 %, respectively).

In Canada the prevalence of neural tube defects was historically higher in the eastern than the
western provinces. Interestingly, a greater reduction in rates was observed in regions with a higher
baseline prevalence of neural tube defects than in regions with a lower prevalence (Fig. 20.2).
The greatest reduction in birth prevalence was seen in Newfoundland and Labrador, which had a dif-
ference in rate of 3.80 per 1,000 births, as compared with British Columbia, which had a difference in
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rate of 0.21 per 1,000 births. During the post-fortification period, geographical differences almost
disappeared although a small east—west gradient persisted with rates of 1.26/1,000 in Nova Scotia,
0.97/1,000 in Quebec, 0.93/1,000 in Manitoba, 0.67/1,000 in Alberta, and 0.75/1,000 in British
Columbia.

For spina bifida, frequency reduction following FA fortification was higher for the more severe
upper cranial, cervical, and thoracic lesions than for the less severe lumbar and sacral defects [18]. No
significant decrease was seen for the pathogenically distinct lipomyelomeningocele [19]. The effect
of supplementation was also evaluated among women who underwent maternal serum screening in
Ontario, and the prevalence of open neural tube defects declined from 1.13 per 1,000 pregnancies
before fortification to 0.58 per 1,000 pregnancies thereafter [20].

Other Congenital Anomalies

The use of multivitamin supplements during the periconceptional period has been associated with a
decreased risk of several categories of congenital anomalies. Results of a meta-analysis of controlled
trials and observational studies suggested consistent protection against cardiovascular and limb
defects but a lower degree of consistency for cleft palate and/or oral cleft, urinary tract anomalies, and
hydrocephalus [21]. No statistically significant protection could be demonstrated in another meta-analysis
including randomized and quasi-randomized trials only, but the small number of subjects limited the
power to detect a beneficial effect [22]. Results of studies on multivitamin supplementation cannot be
readily extrapolated to fortification using a single vitamin with a much lower dose.

In the province of Quebec, live and stillborn infants with severe congenital heart defects were
identified in three administrative databases and time-series analyses were performed [23]. There was
no change in the prevalence of heart defects in the 9 years before fortification (1990-1998), while in
the 7 years after fortification (1999-2005), there was a statistically significant steady decrease
(Fig. 20.3). In the study, medical records were not reviewed and congenital anomaly cases in preg-
nancy terminations were not included. Results should thus be interpreted with caution. The frequency
rate of heart defects started to decrease in 2001, as compared with 1998 for neural tube defects, and
the shapes of the two curves were also very different [10]. In Ontario, a retrospective study of all
women who underwent maternal serum screening at 15-20 weeks gestation was performed and there
was no evidence of a decline in the prevalence of orofacial clefts and trisomy 21 in the offspring fol-
lowing fortification [24, 25]. More studies are needed to assess the effect of folic acid food fortification
on the risk of congenital anomalies other than neural tube defects.

Cardiovascular Disease

Epidemiological studies have shown a positive correlation between homocysteine plasma concentration
and the risk of cerebral, coronary, and peripheral vascular disease [26]. Increasing folic acid intake
results in the lowering of homocysteine plasma concentration, but the results of clinical trials to
reduce the incidence of stroke and myocardial infarction in high-risk individuals have been disap-
pointing [27-29]. The effect of folic acid at low doses in mostly low-risk individuals may be different.
A time-series analysis of stroke mortality rate was conducted in the United States and Canada where
folic acid fortification was implemented in 2008 and in England and Wales where no fortification is
required [30]. An acceleration in the decline of stroke mortality following fortification was observed
in the USA and Canada but not in the UK. It would be interesting to repeat this type of analysis in
other countries.
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Fig. 20.3 Time trends in birth prevalence of severe congenital heart disease before and after January 1, 1999, cutoff
representing introduction of mandatory fortification of flour and pasta products with folic acid in Canada (Reprinted
with permission from the British Medical Journal [23])

Pediatric Cancer

The role of natural folates and folic acid in DNA biosynthesis, damage, and repair and in cell differ-
entiation and multiplication is complex and not completely understood [31]. Observational studies
were conducted in Ontario comparing the incidence of several types of pediatric cancers before and
after the introduction of folic acid supplementation. A significant decrease in rate was observed for
Wilms’ tumor and neuroblastoma but not for acute lymphoblastic leukemia, brain cancers, and other
embryonal cancers [32, 33]. Although there is a biological plausibility in these observations, more
evidence is needed to establish causation.

Adverse Effects

High doses of folic acid (=5 mg/day) given to individuals with severe anemia caused by B12 deficiency
have been associated with an improvement in the anemia, but they also could mask and even accelerate
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the degeneration of the nervous system [34]. The additional intake of folic acid resulting from
supplementation at the current levels is far beyond the therapeutic FA doses used at a time when it was
difficult to differentiate folate from B12 deficiency [35]. As yet, there has been no good study on the
incidence and severity of neurological disorders before and after FA supplementation. There are many
reasons for this: the clinical symptoms of B12 deficiency are not very specific and are relatively mild
at an early stage, patients usually have comorbidities and are not necessarily referred to neurologists
or hospitalized, and there have been major changes in diagnostic tests in recent years, both for B12
status and neurological disorders.

An association between folic acid supplement use and twin pregnancies has been reported in some
studies [36]. A systematic review of epidemiological studies comparing twinning rates before and
after FA fortification in the USA and Chile provided conflicting results [37]. In recent years, there has
been a steep rise in the frequency of multiple births in Canada, resulting mainly from increasing use
of assisted reproduction technologies [38]. This factor is related at the individual level to nutrition and
FA supplement use and at the ecological level to fortification. Thus, it is almost impossible to identify
the potential role of FA fortification in the increase.

Epidemiological studies have shown an inverse relationship between dietary folate intake and the
risk of colorectal cancer in the population [39-42]. Conversely, clinical trials using high FA doses in
patients with precancerous colorectal lesions did not show a protective effect, and an increased risk of
progression of advanced adenomas was observed in some studies [43—45]. A “dual-modulator” role
of folate in colorectal carcinogenesis has been proposed, in which moderate dietary increases initiated
before the establishment of neoplastic foci have a protective influence, whereas high intake once early
lesions are established increases tumorigenesis [46]. In Canada, the incidence of colorectal cancer
rose between 1980 and 1985 in both sexes and then declined until the mid-1990s, more markedly in
females than males. Rates then rose through 2000, only to decline significantly thereafter, this time
more markedly in males than females [47]. Whether FA fortification played a role in these trends is
difficult to assess as there have been changes in nutrition patterns in the last decades as well as
changes in screening and diagnostic practices.

Current Controversies

Folic Acid Recommendation for Women of Childbearing Age

In Canada, the first recommendations regarding folic acid supplementation for the prevention of
neural tube defects were published in the early 1990s [48—50]. For low-risk women, a daily dose of
0.4-0.8 mg was recommended. In 2003, the Society of Obstetricians and Gynaecologists of Canada
updated its recommendations, and 0.4—1.0 mg of folic acid was recommended for women who could
become pregnant [51]. In 2007, when the impact of fortification was demonstrated, guidelines were
changed: 0.4-1.0 mg was recommended for women with no personal health risks, planned pregnancy,
good diet, and good compliance with supplement use on a daily basis, while 5 mg/day was recom-
mended for all other women (the majority) [52]. Reasons for increasing the dose were as follows:
FA intakes in the population were suboptimal at current fortification levels, 5 mg per day in young
women is safe, and there may be a subset of women with certain genetic and/or physiological charac-
teristics requiring high doses. As yet, this recommendation has not been endorsed by public health
authorities.

Interestingly, two studies conducted in the fortification era in the USA did not show a clear benefit
of multivitamin supplement use for the prevention of neural tube defects [53, 54].
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Increasing Fortification Levels

After FA fortification was implemented in Canada, NTD rates decreased and then stabilized with a
reduced but still discernible east to west gradient [10]. This is a powerful argument supporting an
increase in FA food fortification levels to eliminate geographical variation that is most probably
caused by nutritional and not genetic factors. In the USA, this debate is going on for years and no
consensus has been achieved so far [55-57]. In the MRC trial, 72 % protection against NTD was
recorded using a daily FA dose of 4 mg [1]. However, the confidence interval around this estimate was
large. In a community intervention in China using pills containing 400 pg FA, the lowest NTD rates
(0.6-0.7/1,000) were recorded among women who were highly compliant with supplementation
during the periconceptional period [58]. These rates were also observed in the western part of Canada
following fortification at low levels and may well represent the lowest achievable level with FA sup-
plementation or fortification [10]. In Chile, fortification of wheat flour at 220 ng/100 g was associated
with a 43 % reduction in NTD rate and an absolute rate of 1/1,000 births in exposed women [59].
These results are not very different than those reported in Canada using lower FA fortification doses
[10]. Controlled trials testing the relative effects of different FA fortification levels would be almost
impossible to organize, and indirect evidence could only be provided by high-quality studies on the
effect of FA supplementation alone in a context of fortification.

Fortifying Food with Vitamin B12

Vitamin B12 deficiency is frequent in the Canadian population, especially in the elderly [60]. Results
of a case—control study in Ontario showed a tripling risk of NTD in the presence of low maternal B12
status as compared to women in the highest quartile of serum holotranscobalamin levels, a marker of
B12 status [61]. The authors of the study estimated that up to 34 % of NTD cases occurring in the
context of folic acid fortification could be due to maternal B12 deficiency and could thus be prevented
through additional B12 fortification [61]. Adding B12 in cereal products is technically feasible, of
reasonable cost, and there is evidence that B12-fortified flour, consumed as bread, can improve B12
status among persons with no impairment of gastrointestinal absorption [62]. The implementation of
this public health measure has been endorsed by the Society of Obstetricians and Gynaecologists of
Canada [52]. In the USA, B12 fortification is a subject of a controversy as there are many scientific
uncertainties regarding the potential effectiveness of the measure [62—-64]. Up to now, there has been
no controlled trial demonstrating the effectiveness of B12 supplementation or fortification to prevent
the occurrence of neurological disorders in patients with mild subclinical deficiency (individuals with
severe B12 deficiency caused by specific malabsorption will not respond to increased oral intake).
The same can be said for neural tube defects and the only evidence is from epidemiological studies
comparing NTD risk in women who had or not taken multivitamin containing B12 during the pericon-
ceptional period [21]. Randomized clinical trials will have to be conducted to justify a mandatory B12
food fortification policy as it was done for folic acid.

Conclusion

In Canada, a mandatory FA food fortification policy was implemented to reduce the occurrence of
neural tube defects in the population and the effectiveness of the measure was higher than anticipated
although the mean additional FA intake among women of childbearing age was quite low. There is
certainly room for further NTD risk reduction if fortification levels are increased. However, because
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of the uncertainty regarding the impact of this measure and the possibility of cancer promotion,
public health authorities will request more evidence before considering such move. As history has
told, decisions in Canada will most probably follow and be in line with those adopted in the USA. So,
let us follow the debate south of the border.
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