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Abstract

Background: With the goal of preventing open neural tube defects (NTDs), recom-
mendations for folic acid supplementation before conception were introduced in
Canada in 1994, and by November 1998 Canadian grain products were being
fortified with folic acid. We wished to determine whether the annual incidence
of open NTDs in Nova Scotia, including those in stillbirths and terminated preg-
nancies, changed after the introduction of either folic acid supplementation or
fortification.

Methods: For the 10-year period from Jan. 1, 1991, to Dec. 31, 2000, we retro-
spectively extracted the total number of births in Nova Scotia and the number of
live births and stillbirths with open NTDs from the Nova Scotia Atlee Perinatal
Database as well as the number of terminated pregnancies affected by NTDs
from the Fetal Anomaly Database. We determined the total annual incidence of
all open NTDs, and of the subgroups spina bifida and anencephaly, per 1000
births in the province during the periods before (1991–1994) and after (1995–
1998) folic acid supplementation initiatives were begun but before folic acid
fortification of grain products was implemented, and during the periods before
(1991–1997) and after (1998–2000) fortification.

Results: In the period after supplementation initiatives were begun but before forti-
fication was implemented, the incidence of open NTDs did not change signifi-
cantly: the mean annual rate was 2.55 per 1000 births during 1991–1994 and
2.61 per 1000 births during 1995–1997 (relative risk [RR] 1.02, 95% confidence
interval [CI] 0.77–1.35). After the fortification was implemented the incidence of
open NTDs decreased by more than 50%: the mean annual rate was 2.58 per
1000 births during 1991–1997 and 1.17 per 1000 births during 1998–2000 (rel-
ative risk 0.46, 95% CI 0.32–0.66).

Interpretation: The recommendations for folic acid supplementation alone did not
appear to succeed in reducing the incidence of open NTDs in Nova Scotia,
whereas the fortification of grain products with folic acid did result in a signifi-
cant reduction in the incidence.

Open neural tube defects (NTDs) occur in 1–2 births per 1000 births and
are the most significant fetal anomalies leading to long-term morbidity.1

The lifetime medical and financial costs of a patient with spina bifida are
very high, and the effect on the family is incalculable.1 Periconceptional folic acid
supplementation has been shown to reduce the prevalence of open NTDs by at
least 60%.2 This reduction occurred both among mothers with previously affected
pregnancies and among those who have no such risk factors.2 In 1991 a multicentre,
prospective, randomized trial of folic acid supplementation in high-risk patients
showed that a daily dose of 4 mg of folic acid was associated with a 71% reduction
in the recurrence of open NTDs.3 In 1992 Czeizel and Dudas4 reported a similar
reduction in the prevalence of open NTDs among low-risk women taking 0.80 mg
of folic acid in a daily multivitamin preparation.
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On the basis of this research, it became apparent that
women planning pregnancies should be advised to take addi-
tional folic acid for 2 months before conception and through-
out the first trimester.5 The amount would depend on risk
factors for open NTDs. Although the importance of folic
acid was highlighted in 1991, a recommendation for precon-
ceptional supplementation in Nova Scotia was not issued un-
til February 1993.3,6 Because half of pregnancies are un-
planned,7 health authorities subsequently recommended that
all women capable of becoming pregnant should take folic
acid supplements.5–9 In late 1993 the Society of Obstetricians
and Gynaecologists of Canada recommended that all women
of child-bearing age consider taking 0.4 mg of folic acid or an
adequate dietary equivalent daily,8 and in 1994 the Canadian
Task Force on the Periodic Health Examination further em-
phasized the importance of folic acid supplementation.9

Despite the importance of folic acid, many women still
did not follow or were unaware of supplementation recom-
mendations to prevent open NTDs. Between 1993 and
1999, studies showed that less than 45% of pregnant wo-
men reported having taken folic acid before conception.10–13

As a result, investigators studied the effects of folic acid for-
tification as a means of increasing the daily intake of this vi-
tamin.14,15 Depending on the level of fortification, this was
found to be effective at increasing serum folate levels to
those that would correspond to a reduction of 22%–41% in
the incidence of open NTDs.15 In March 1996 the US
Food and Drug Administration ordered that fortification
with folate (0.14 mg per 100 g of grain) of all enriched
grain products be implemented no later than Jan. 1, 1998.16

Health Canada endorsed a similar fortification plan (0.15
mg per 100 g of grain) to be completed by Nov. 1, 1998.17,18

This degree of fortification was aimed at reducing the an-
nual incidence of open NTDs by an estimated 22%.15 A re-
cent large study on the effect of folic acid fortification in
the United States showed a reduction of 19% in NTDs.19

The data were retrieved from birth certificates, which
raises validity concerns and does not take into account the
large proportion of NTDs that are prenatally diagnosed
and result in therapeutic abortion.19 Population-based stud-
ies that include all NTDs (in live births, stillbirths and ter-
minated pregnancies) have not previously been published
and are needed to validate folic acid fortification measures.

The objective of our study was to evaluate the annual in-
cidence of all open NTDs, including those occurring in
stillbirths and terminated pregnancies, in Nova Scotia over
a 10-year period. We identified the periods before and af-
ter folic acid supplementation initiatives were begun and
the periods before and after folic acid fortification was im-
plemented in order to study the effect of public health
measures on the incidence of all open NTDs and the sub-
groups spina bifida and anencephaly.

Methods

We used a population-based retrospective study design to

study all live births, stillbirths and terminated pregnancies in
which open NTDs had occurred in Nova Scotia from Jan. 1,
1991, to Dec. 31, 2000. The Nova Scotia Atlee Perinatal Data-
base encodes information on all births in Nova Scotia, with data
abstracted from hospital records by trained registry personnel.
Data include neonatal outcome, antenatal, intrapartum and post-
partum variables, and maternal medical, socioeconomic and geo-
graphic variables. Standardized provincial antenatal, intrapartum
and postpartum clinical forms help to ensure the collection of
consistent information. Validation studies are performed periodi-
cally as part of the registry’s quality assurance process, and the re-
sults have shown the data to be reliable.20

Nova Scotia offers both antenatal ultrasonographic and mater-
nal serum α-fetoprotein screening for prenatal diagnosis of
NTDs. All terminations of pregnancies affected by fetal anom-
alies in this province are undertaken in a single tertiary care cen-
tre, and the information is encoded and entered in the Fetal
Anomaly Database by a trained person who helped develop the
database and manages it. The information on fetal anomalies in-
cludes data on antenatal findings, and the final diagnosis is deter-
mined through postmortem pathologic examination or gross ex-
amination of fetal remains. Combining the data from the Nova
Scotia Atlee Perinatal Database and the Fetal Anomaly Database
allows for accurate population-based studies on birth defects. Fi-
nal data on all births with open NTDs were available from both
databases to Dec. 31, 2000. Because both databases provide iden-
tical specific variables on NTDs, affected cases were further di-
vided into the subgroups spina bifida and anencephaly, as deter-
mined by antenatal ultrasonographic diagnosis, postmortem
examination and examination at delivery.

Incidence rates were calculated as the total number of open
NTDs occurring in live births, stillbirths and terminated preg-
nancies in Nova Scotia over the study period. We considered
1991–1994 to be the period before folic acid supplementation ini-
tiatives were begun and 1995–1997 as the period when public
health measures on folic acid supplementation were in place but
fortification had not yet begun. In 1996 concerns about the suc-
cess of public health initiatives for supplementation led to the di-
rective that grain products be fortified with folic acid by 1998. Al-
though fortification may have begun in 1996, it was not complete
until mid-1997.16–18 Therefore, we considered 1991–1997 as the
period before folic acid fortification and 1998–2000 as the period
after fortification.

Results

There was a progressive decline in the total number of
births in Nova Scotia, from 11 933 in 1991 to 9549 in 2000
(20% decline). There was also a decline in the absolute
numbers of open NTDs, from 30 in 1991 to 9 in 2000
(70% decline) (Table 1).

There was no change in the total annual incidence of
open NTDs in the period after folic acid supplementation
initiatives were begun but before fortification was imple-
mented (1995–1998): the mean annual incidence was 2.55
per 1000 births during 1991–1994 and 2.61 per 1000 births
during 1995–1997 (relative risk [RR] 1.02, 95% CI 0.77–
1.35; p = 0.87) (Table 1). Similarly, the mean annual inci-
dence of spina bifida did not change significantly (1.44 and
1.60 per 1000 births respectively) (RR 1.11, 95% CI 0.79–
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1.60; p = 0.64) (Table 2). Although there was a slight decline
in the mean incidence of anencephaly after supplementation
(from 1.00 to 0.82 per 1000 births), this change did not reach
statistical significance (RR 0.82, 95% CI 0.51–1.32; p = 0.49)
(Table 3).

The total annual incidence of open NTDs fell by 54%
after the implementation of folic acid fortification, from
2.58 per 1000 births on average during 1991–1997 to 1.17
per 1000 births during 1998–2000 (Table 1) (RR 0.46, 95%
confidence interval [CI] 0.32–0.66; p < 0.001). In the sub-
group of spina bifida, the mean annual incidence decreased
from 1.51 per 1000 births before to 0.62 per 1000 births af-
ter fortification (Table 2) (RR 0.40, 95% CI 0.25–0.67; p <
0.001). Similarly, for anencephaly the mean annual inci-
dence decreased from 0.93 to 0.38 per 1000 births after for-
tification (Table 3) (RR 0.41, 95% CI 0.22–0.77; p = 0.004).

Interpretation

Folate is a water-soluble vitamin B complex first isolated
from the spinach leaf in 194121 and synthesized in 1946. In
1960 Nelson22 reported on the effects of folate deficiency
on the development of rat embryos. Four years later Hib-
bard23 suggested a possible relation between fetal malfor-
mation and defective folate metabolism. This relation was
investigated in greater detail and, in 1965, Hibbard and
Smithells24 proposed the link between a defect in folate me-
tabolism and NTDs in humans. Further studies led to the
conclusion that folic acid intake before conception was an
inexpensive, safe and effective method of primary preven-
tion of open NTDs.3,4,25–30 Debate about the merits of folic

acid supplementation versus fortification then occurred. Al-
though those opposed to fortification are concerned about
the theoretical risk of exposing the entire population to ad-
ditional folic acid, proponents argue that public education
measures on the importance of preconception folic acid
supplements and improved nutrition have not succeeded.
This failure is likely due to the cost of public health initia-
tives, the difficulty in influencing lifestyle choices such as
diet and the high rate of unplanned pregnancies.31

Our data show that, in the years before fortification,
public education on the importance of folic acid supple-
mentation had no significant effect on the incidence of
open NTDs (Table 2). Because folic acid supplements
taken before conception are known to be effective in pre-
venting open NTDs, the lack of change in incidence rates
was presumably due to an inability to change women’s be-
haviour in taking preconceptual supplements. A random
survey of 167 pregnant Nova Scotian women in 2001
showed that less than 50% had taken folic acid supplements
before conception; other studies have shown similarly poor
compliance rates.10–13,32

Because of the number of unplanned pregnancies and the
failure of the folic acid supplementation strategies on their
own, fortification of food with folic acid was initiated.33 For-
tification of food with nutrients has historically been suc-
cessful in preventing such conditions as goiter (iodine defi-
ciency), rickets (vitamin D deficiency), beri beri (thiamine
deficiency), pellagra (niacin deficiency) and anemia (iron de-
ficiency).31 With folic acid fortification, there was concern
about the risk of masking the diagnosis of pernicious anemia
and its neurological sequelae. This condition primarily af-

fects elderly people, but even in this group
less than 1% of people over age 60 would
be affected.31 After careful deliberation, the
US Food and Drug Administration called
for folic acid fortification, but at a level that
normally would limit daily intake to less
than 1 mg.16 This compromise was to en-
sure safety and at the same time allow a
benefit to pregnant women that would cor-
respond to a reduction of 6%–31% in the
incidence of open NTDs.15

The results of our population-based
study suggest that the folic acid fortifica-
tion strategy was successful. In Canada folic
acid fortification of grain products was
mandated to begin in November 1998 at
levels similar to those in the United States;
however, most flour and pasta products
were fortified as early as 1997 to harmonize
with the US regulations, which came into
effect on Jan. 18, 1998.16–18 With the under-
standing that most fortification was com-
pleted by mid-1997, we chose 1998 as the
start of the post-fortification period. Forti-
fication should have a relatively abrupt ef-
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Table 1: Annual incidence of open neural tube defects* (NTDs) in Nova Scotia
before folic acid supplementation (1991–1994), after supplementation but
before folic acid fortification (1995–1997) and after fortification (1998–2000)

No. of cases of open NTDs

Year
In live births
and stillbirths

In terminated
pregnancies Total

Total no.
of births†

Incidence per
1000 births

Pre-supplementation
1991 18 12 30 11 933 2.51
1992 17 13 30 12 076 2.48
1993 14 16 30 11 715 2.56
1994 12 18 30 11 340 2.64
Post-supplementation/
Pre-fortification
1995 5 18 23 10 913 2.11
1996 13 25 38 10 739 3.54
1997 8 14 22 10 125 2.17
Post-fortification
1998 7 7 14 9 785 1.43
1999 1 10 11 9 676 1.14
2000 1 8 9 9 549 0.94

Total 96 141 239 107 851 2.22

*Includes spina bifida, anencephaly and encephaloceles.
†Live births, stillbirths and pregnancies terminated because of fetal anomalies.



fect, both on serum folate levels and on the incidence of
open NTDs. Two studies have shown increased serum fo-
late levels after fortification.34,35 Our results showed a highly
significant drop in the total incidence of open NTDs, tak-
ing into account all affected pregnancies (live births, still-
births and terminated pregnancies); this dramatic drop was
observed for both spina bifida and anencephaly. The inclu-
sion of terminated pregnancies is particularly important be-
cause more than 50% of all affected pregnancies in Nova
Scotia now result in therapeutic abortion. A failure to in-

clude terminated pregnancies may underestimate the bene-
fit of folic acid fortification.19

The greater than anticipated reduction in the prevalence
of open NTDs in our study could have been due to the fact
that women may be receiving more folic acid from fortifi-
cation than was originally calculated or that the calculated
response was underestimated.36 Alternatively, a higher
background prevalence of open NTDs in Nova Scotia may
reflect a population that was more sensitive to the influence
of a folic acid effect. The abrupt decline that started in

1998 has continued, presumably because of
more complete folic acid exposure as pre-
fortification products are depleted. There
would also be some crossover effect, as
pregnancies delivered in early 1998 would
be less likely to have been influenced by
fortified products during early gestation
(mid-1997) than pregnancies delivered
later. For these reasons, it is expected that
the reduction in incidence of open NTDs
may be greater than 54%. If this significant
decline can be verified for other geographic
areas, it may suggest that the current level
of fortification is adequate and that the con-
troversial call for higher-dose fortification
should await further studies.37,38 Although
our study highlights the effect of folic acid
fortification, it does not preclude the addi-
tional benefit of supplementation. Un-
doubtedly, clinicians and researchers would
agree that folic acid supplements remain an
important adjuvant to fortification and that
public education measures should not be
abandoned.

Our study has limitations related to the
arbitrary definitions used for the supple-
mentation and fortification periods. The be-
ginning of the supplementation period is
poorly defined, and thus we chose the pre-
and post-supplementation years on the basis
of when public health measures were initi-
ated and guidelines from relevant health au-
thorities were released. In addition, map-
ping a temporal relation between folic acid
supplementation and fortification strategies
and the incidence of open NTDs does not
prove a cause–effect relation, although it is
highly suggestive.

Our results help to validate the decision
to have food fortified with folic acid and
may encourage the implementation of for-
tification in countries that have not yet im-
plemented such strategies. The prevention
of birth defects is a challenging goal, but
current fortification measures appear to
have successfully resulted in a reduction of

Persad et al

244 JAMC • 6 AOÛT 2002; 167 (3)

Table 2: Annual incidence of spina bifida

No. of spina bifida cases

Year
In live births
and stillbirths

In terminated
pregnancies Total

Total no.
of births*

Incidence per
1000 births

Pre-supplementation
1991 11 5 16 11 933 1.34
1992 12 6 18 12 076 1.49
1993 11 5 16 11 715 1.37
1994 10 8 18 11 340 1.59
Post-supplementation/
pre-fortification
1995 2 12 14 10 913 1.28
1996 9 16 25 10 739 2.33
1997 6 6 12 10 125 1.19
Post-fortification
1998 5 3 8 9 785 0.82
1999 1 4 5 9 676 0.52
2000 1 4 5 9 549 0.52

Total 68 69 137 107 851 1.27

*Live births, stillbirths and pregnancies terminated because of fetal anomalies.

Table 3: Annual incidence of anencephaly

No. of cases of anencephaly

Year
In live births
and stillbirths

In terminated
pregnancies Total

Total no.
of births*

Incidence per
1000 births

Pre-supplementation
1991 7 6 13 11 933 1.09
1992 3 7 10 12 076 0.83
1993 2 11 13 11 715 1.11
1994 2 9 11 11 340 0.97
Post-supplementation/
pre-fortification
1995 2 6 8 10 913 0.73
1996 2 8 10 10 739 0.93
1997 2 6 8 10 125 0.79
Post-fortification
1998 1 4 5 9 785 0.51
1999 0 3 3 9 676 0.31
2000 0 3 3 9 549 0.31

Total 21 63 84 107 851 0.78

*Live births, stillbirths and pregnancies terminated because of fetal anomalies.



at least 54% in the incidence of open NTDs in Nova Sco-
tia. The effect of fortification in areas where the preva-
lence of NTDs is lower requires further study, as does the
safety and long-term effects of fortification.
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