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Background

In 1998, folic acid fortification of a large variety of cereal products became manda-
tory in Canada, a country where the prevalence of neural-tube defects was histori-
cally higher in the eastern provinces than in the western provinces. We assessed 
changes in the prevalence of neural-tube defects in Canada before and after food 
fortification with folic acid was implemented.

Methods

The study population included live births, stillbirths, and terminations of pregnan-
cies because of fetal anomalies among women residing in seven Canadian provinces 
from 1993 to 2002. On the basis of published results of testing of red-cell folate 
levels, the study period was divided into prefortification, partial-fortification, and 
full-fortification periods. We evaluated the relationship between baseline rates of 
neural-tube defects in each province and the magnitude of the decrease after forti-
fication was implemented.

Results

A total of 2446 subjects with neural-tube defects were recorded among 1.9 million 
births. The prevalence of neural-tube defects decreased from 1.58 per 1000 births 
before fortification to 0.86 per 1000 births during the full-fortification period, a 46% 
reduction (95% confidence interval, 40 to 51). The magnitude of the decrease was 
proportional to the prefortification baseline rate in each province, and geographical 
differences almost disappeared after fortification began. The observed reduction in 
rate was greater for spina bifida (a decrease of 53%) than for anencephaly and en-
cephalocele (decreases of 38% and 31%, respectively).

Conclusions

Food fortification with folic acid was associated with a significant reduction in the 
rate of neural-tube defects in Canada. The decrease was greatest in areas in which 
the baseline rate was high.
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The benefit of folic acid supplemen-
tation during the periconception period in 
reducing the risk of neural-tube defects in 

offspring has been demonstrated both in experi-
mental and in observational studies.1 Fortifica-
tion of many cereal-food products became manda-
tory in the United States on January 1, 1998, and 
the Canadian milling industry started fortifica-
tion early in 1997, to meet the U.S. requirements 
for imported flour.2 On November 11, 1998, forti-
fication with folic acid of all types of white flour, 
enriched pasta, and cornmeal became mandatory 
in Canada.3 The goal of fortification was to in-
crease by approximately 30 to 70% the average in
take of folic acid among women of childbearing 
age without posing a risk to the general public.3 
Higher levels of fortification were not adopted be-
cause of concern about exceeding the recommend
ed daily upper intake level of 1000 μg for adults.1

We conducted our study to assess changes in 
the prevalence of neural-tube defects associated 
with food fortification with folic acid throughout 
Canada. Since there was known to be a geograph
ical gradient in the prevalence of neural-tube 
defects at birth, with higher rates in the eastern 
provinces than in the western provinces,4 we also 
tested the hypothesis that the magnitude of the 
effect of folic acid fortification would vary direct
ly with the baseline rate of the defect.

Me thods

Study Subjects

The study population included live births, still-
births, and terminations of pregnancies because 
of fetal anomalies among women residing in 7 of 
the 10 Canadian provinces and none of the territo-
ries from 1993 to 2002. Denominator numbers 
were provided by provincial vital-statistics offices. 
The total numbers of live births and stillbirths 
recorded in each participating province are shown 
in Table 1. In the province of Quebec, many high-
risk pregnancies in the Outaouais region are re-
ferred to hospitals situated in the province of 
Ontario. Since outcomes from these pregnancies 
were unavailable, we excluded all births from the 
Outaouais region, which represented less than 5% 
of the total births in the province.

In each province, the identification of sub-
jects with neural-tube defects relied on multiple 
sources (Table 1). Codes that were checked in pro
vincial databases included the categories for in-
fants with neural-tube defects in the International 
Classification of Diseases, 9th Revision (ICD-9: 740.0 to 
742.0) and 10th Revision (ICD-10: Q00, Q01, and 
Q05) and for women with a fetus affected by  
a central-nervous-system malformation (ICD-9: 
655.0; ICD-10: O35.0). Medical records of subjects 
with suspected neural-tube defects were reviewed 

Table 1. Total Number of Live Births and Stillbirths to Women Residing in Seven Canadian Provinces (1993–2002)  
and Primary Sources for the Identification of Subjects with Neural-Tube Defects.

Province
Total No. 
of Births Sources for Identification

Newfoundland  
and Labrador

54,528 Newfoundland and Labrador Provincial Medical Genetics Program, provincial 
live-birth and stillbirth notification forms, maternal–fetal medicine referrals 
to the single tertiary care unit in the province

Nova Scotia 100,875 Provincial Perinatal Database and IWK Health Centre Fetal Anomaly Database
Prince Edward Island 15,723 Same as for Nova Scotia
Quebec 765,567 Provincial hospital administrative database MedEcho and infant-death and still-

birth certificates
Manitoba 153,686 Clinical and outcome databases of the Manitoba Maternal Serum Screening 

Program, the Genetics Prenatal Diagnosis Program, and the Genetics and 
Metabolism Program of the Winnipeg Regional Health Authority

Alberta 378,728 Stillbirth and infant-death certificates and the Provincial Congenital Anomaly 
Surveillance System supplemented by a survey of all maternity hospitals 
and children’s treatment centers

British Columbia 440,634 Provincial Health Status (Congenital Anomaly) Registry, Vancouver BC Women’s 
and Children’s Health Centre databases (including the Provincial Medical 
Genetics Programme), the Spina Bifida Clinic, the Perinatal Diagnosis and 
Treatment Centre, the Fetal Diagnostic Services Clinic, and Victoria Hospital 
records (including the Fetal Pathology Service, the Medical Genetics Clinic, 
and the Perinatology and Spina Bifida Clinic)

All provinces 1,909,741
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