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Pre-conceptional Vitamin/Folic Acid
Supplementation 2007: The Use of Folic Acid in
Combination With a Multivitamin Supplement
for the Prevention of Neural Tube Defects and
Other Congenital Anomalies

Abstract

Objective: To provide information regarding the use of folic acid in
combination with a multivitamin supplement for the prevention of
neural tube defects and other congenital anomalies, so that
physicians, midwives, nurses, and other health care workers can
assist in the education of women in the pre-conception phase of
their health care.

Option: Supplementation with folic acid and vitamins is problematic,
since 50% of pregnancies are unplanned, and women’s health
status may not be optimal when they conceive.

Outcomes: Folic acid in combination with a multivitamin supplement
has been associated with a decrease in specific birth defects.

Evidence: Medline, PubMed, and Cochrane Database were
searched for relevant English language articles published between
1985 and 2007. The previous Society of Obstetricians and
Gynaecologists of Canada (SOGC) Policy Statement of November
1993 and statements from the American College of Obstetrics and
Gynecology and Canadian College of Medical Geneticists were
also reviewed in developing this clinical practice guideline.

Values: The quality of evidence was rated using the criteria
described in the Report of the Canadian Task Force on Preventive
Health Care.

Benefits, Harms, and Costs: Promoting the use of folic acid and a
multivitamin supplement among women of reproductive age will
reduce the incidence of birth defects. The costs are those of daily
vitamin supplementation and eating a healthy diet.

Recommendations

1. Women in the reproductive age group should be advised about the
benefits of folic acid in addition to a multivitamin supplement
during wellness visits (birth control renewal, Pap testing, yearly
examination) especially if pregnancy is contemplated. (III-A)

2. Women should be advised to maintain a healthy diet, as
recommended in Eating Well With Canada’s Food Guide (Health
Canada). Foods containing excellent to good sources of folic acid
are fortified grains, spinach, lentils, chick peas, asparagus,
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broccoli, peas, Brussels sprouts, corn, and oranges. However, it is
unlikely that diet alone can provide levels similar to
folate-multivitamin supplementation. (III-A)

3. Women taking a multivitamin containing folic acid should be
advised not to take more than one daily dose of vitamin
supplement, as indicated on the product label. (II-2-A)

4. Folic acid and multivitamin supplements should be widely available
without financial or other barriers for women planning pregnancy
to ensure the extra level of supplementation. (III-B)

5. Folic acid 5 mg supplementation will not mask vitamin B12
deficiency (pernicious anemia), and investigations (examination or
laboratory) are not required prior to initiating supplementation. (II-2-A)

6. The recommended strategy to prevent recurrence of a congenital
anomaly (anencephaly, myelomeningocele, meningocele, oral
facial cleft, structural heart disease, limb defect, urinary tract
anomaly, hydrocephalus) that has been reported to have a
decreased incidence following preconception / first trimester folic
acid +/- multivitamin oral supplementation is planned pregnancy
+/- supplementation compliance. A folate-supplemented diet with
additional daily supplementation of multivitamins with 5 mg folic
acid should begin at least three months before conception and
continue until 10 to 12 weeks post conception. From 12 weeks
post-conception and continuing throughout pregnancy and the
postpartum period (4–6 weeks or as long as breastfeeding
continues), supplementation should consist of a multivitamin with
folic acid (0.4–1.0 mg). (I-A)

7. The recommended strategy(ies) for primary prevention or to
decrease the incidence of fetal congenital anomalies will include a
number of options or treatment approaches depending on patient
age, ethnicity, compliance, and genetic congenital anomaly risk
status.

• Option A: Patients with no personal health risks, planned
pregnancy, and good compliance require a good diet of
folate-rich foods and daily supplementation with a multivitamin
with folic acid (0.4–1.0 mg) for at least two to three months
before conception and throughout pregnancy and the
postpartum period (4–6 weeks and as long as breastfeeding
continues). (II-2-A)

• Option B: Patients with health risks, including epilepsy, insulin
dependent diabetes, obesity with BMI >35 kg/m

2
, family history

of neural tube defect, belonging to a high-risk ethnic group
(e.g., Sikh) require increased dietary intake of folate-rich foods
and daily supplementation, with multivitamins with 5 mg folic
acid, beginning at least three months before conception and
continuing until 10 to 12 weeks post conception. From
12 weeks post-conception and continuing throughout
pregnancy and the postpartum period (4–6 weeks or as long
as breastfeeding continues), supplementation should consist of
a multivitamin with folic acid (0.4–1.0 mg). (II-2-A)

• Option C: Patients who have a history of poor compliance with
medications and additional lifestyle issues of variable diet, no
consistent birth control, and possible teratogenic substance
use (alcohol, tobacco, recreational non-prescription drugs)
require counselling about the prevention of birth defects and
health problems with folic acid and multivitamin
supplementation. The higher dose folic acid strategy (5 mg)
with multivitamin should be used, as it may obtain a more
adequate serum red blood cell folate level with irregular
vitamin / folic acid intake but with a minimal additional health
risk. (III-B)

8.The Canadian Federal Government could consider an evaluation
process for the benefit/risk of increasing the level of national
folic acid flour fortification to 300 mg/100 g (present level
140 mg/100 g). (III-B)

9.The Canadian Federal Government could consider an evaluation
process for the benefit/risk of additional flour fortification with
multivitamins other than folic acid. (III-B)

10.The Society of Obstetricians and Gynaecologists of Canada will
explore the possibility of a Canadian Consensus conference on
the use of folic acid and multivitamins for the primary prevention of
specific congenital anomalies. The conference would include
Health Canada/Congenital Anomalies Surveillance, Canadian
College of Medical Geneticists, Canadian Paediatric Society,
Motherisk, and pharmaceutical industry representatives.

Validation: This is a revision of a previous guideline and information
from other consensus reviews from medical and government
publications has been used.

Sponsor: The Society of Obstetricians and Gynaecologists of
Canada.

J Obstet Gynaecol Can 2007;29(12):1003–1013

INTRODUCTION

It is estimated that at least 5% of babies are born with
some serious congenital anomaly1; 2% to 3% will have

anomalies that can be recognized prenatally by non-invasive
screening test, through invasive diagnostic testing, or at
birth, and 2% will have developmental or functional anom-
alies recognized during the first year of life.1 Folic acid
ingested prior to conception and during the early stages of
pregnancy plays a role in preventing neural tube defects and
has been associated with preventing other congenital anom-
alies.2 Folic acid helps produce and maintain new cells; it is
important during times of rapid cell division and growth
(i.e., embryonic and fetal periods). Public health initiatives
to increase the awareness and prevention of birth defects
have focused on folic acid intake for the prevention of
NTDs, but several studies have indicated that taking multi-
vitamins containing folic acid during the periconception
period can reduce the risk of other conditions such as heart
defects,2–5 urinary tract anomalies,5,6 oral facial clefts,2,7–9

limb defects,2 and pyloric stenosis.3 It has been estimated
that as many as half of all birth defects can be prevented if
women of childbearing age consume an adequate amount
of folic acid, either by eating sufficient quantities of food
that are fortified with folic acid or by taking vitamin
supplements.10–12 The objective of this clinical practice
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ABBREVIATIONS

AD autosomal dominant inheritance

AR autosomal recessive inheritance

BMI body mass index

CI confidence interval

MTHFR 5.10-methylenetetrahydrofolate reductase

NTD neural tube defect

RBC red blood cell

RCT randomized controlled trial



guideline update is to give women’s health care providers
new data/information about the use of folic acid with a
multivitamin supplement for the prevention of neural tube
defects and other congenital anomalies. The quality of evi-
dence reported in this guideline has been described using
the evaluation of evidence criteria of the Canadian Task
Force on Preventive Health Care (Table 1).13

Peer-reviewed articles, government publications (Health
Canada, Preconception Health 200214; NIH Clinical Cen-
ter, Office of Dietary Supplements 2005),15 the 2003 Soci-
ety of Obstetricians and Gynaecologists of Canada (SOGC)
Policy Statement, The Use of Folic Acid for Prevention of
Neural Tube Defects,16 and statements from The American
College of Obstetrics and Gynecology17 and Canadian Col-
lege of Medical Geneticists,18 were reviewed in developing
this guideline.

NEURAL TUBE DEFECTS: INCIDENCE AND INHERITANCE

Neural tube defects are severe birth anomalies that occurs
because of a lack of neural tube closure at either the upper
or lower end in the third to fourth week after conception
(day 26 to day 28 post conception).19 The incidence
(0.5–4.0/1000 births) of NTDs varies across North Ameri-
can regions and a decreasing incidence (1.58 per 1000 births
to 0.86 per 1000 births) is shown with folic acid
supplementation.20 Recurrence risks reflect the genetic

contribution in different regions, but an estimated 1%
recurrence with folic acid prophylaxis is given.1,10,17,20–29

In Canada, the birth prevalence of NTDs has declined from
a rate of 10.0 per 10 000 live births in 1991 to 5.8 per 10 000
total births (live births and stillbirths) in 1999.28 Reasons
given for this decrease in the rate of NTDs include an
increased use of tests (ultrasound, maternal serum screen-
ing) and subsequent pregnancy termination, the fortifica-
tion of food with folic acid, and increased vitamin
supplementation.28 The rate of NTDs tends to be higher in
Eastern Canada than in Western Canada.30,31 Women of
certain ethnic groups, including Celtic32 and Sikh,33 as well
as women from Northern China,34 are at a higher risk of
having children with NTDs.30–34 It remains unclear whether
these risks vary because of genetic predisposition, cultural
dietary preferences, or a combination of these factors.

Multifactorial inheritance30,35,36 is the most common cause
of NTDs, but monogenic, chromosomal, and teratogenic
causes have specific effects that have not been studied in
association with folic acid deprivation or supplementation
(Table 2).19 The prevalence of aneuploidy and additional
anatomical abnormalities in fetuses with open spina bifida
was reviewed using Utah Birth Defect Network data.37

Chromosome results were known in 45 of 51 cases of open
spina bifida, with six cases (13%) of aneuploidy. Additional
major anatomic abnormalities were present in four of the
six cases and included cardiac, renal, omphalocele, brain,
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Table 1. Key to evidence statements and grading of recommendations, using the ranking of the Canadian Task
Force on Preventive Health Care

Quality of Evidence Assessment* Classification of Recommendations†

I: Evidence obtained from at least one properly randomized
controlled trial

II-1: Evidence from well-designed controlled trials without
randomization

II-2: Evidence from well-designed cohort (prospective or
retrospective) or case-control studies, preferably from more
than one centre or research group

II-3: Evidence obtained from comparisons between times or
places with or without the intervention. Dramatic results in
uncontrolled experiments (such as the results of treatment
with penicillin in the 1940s) could also be included in this
category

III: Opinions of respected authorities, based on clinical
experience, descriptive studies, or reports of expert
committees

A. There is good evidence to recommend the clinical preventive
action

B. There is fair evidence to recommend the clinical preventive
action

C. The existing evidence is conflicting and does not allow to
make a recommendation for or against use of the clinical
preventive action; however, other factors may influence
decision-making

D. There is fair evidence to recommend against the clinical
preventive action

E. There is good evidence to recommend against the clinical
preventive action

I. There is insufficient evidence (in quantity or quality) to make
a recommendation; however, other factors may influence
decision-making

�The quality of evidence reported in these guidelines has been adapted from The Evaluation of Evidence criteria described in the Canadian Task Force

on Preventive Health Care.
13

†Recommendations included in these guidelines have been adapted from the Classification of Recommendations criteria described in the The Canadian

Task Force on Preventive Health Care.
13



and bilateral oral clefting. There was a 4% risk of aneuploidy
in sonographically isolated spina bifida cases within this
population.37

PRENATAL DIAGNOSIS

All pregnant women should be offered routine screening
for NTDs with specific and appropriate timing.38–44 Folic
acid supplementation will not eliminate but will reduce the
risk of NTDs.45 Women with an increased risk for a preg-
nancy complicated by NTDs often have a history of

• a previous fetus or child with an NTD16,17,43,46

• a first-, second-, or third-degree relation with an
NTD16,43,46

• pre-existing maternal diabetes as well as
insulin-dependent (type 1) diabetes16,43,46

• epilepsy and the ingestion of valproic acid or
carbamazepine for seizure control16,43,46

• use of folic acid antagonists (amniopterin,
methotrexate)16,43,46

Non-invasive prenatal diagnostic testing by ultrasound and
maternal serum screening,44 which should be offered at 16
to 20 weeks’ gestation and 15 to 20 weeks’ gestation, respec-
tively, will identify 95% to 100% of NTDs (anencephaly,
100%; spina bifida, 95%). Ultrasound imaging47,48 of the
cranium and the identification of cranial scalloping (lemon
sign) and cerebellar crowding (banana sign) in association
with mild ventriculomegaly is diagnostic of an open
myelomeningocele if, even with improved ultrasound tech-
nique and resolution, a defect is not easily identifiable in the
spine because of the level of the spinal defect, fetal position,
or maternal habitus. After 15 weeks of pregnancy, invasive
prenatal diagnostic testing with ultrasound-guided amnio-
centesis can evaluate the fetal karyotype and measure
amniotic fluid alpha fetoprotein and acetylcholinesterase to
assist in differentiating between open or closed lesions.44

JOINT SOGC-MOTHERISK CLINICAL PRACTICE GUIDELINE

1006 � DECEMBER JOGC DÉCEMBRE 2007

Table 2. Recognized conditions associated with neural tube defects
19

1. Multifactorial Homocysteine metabolism variants (MTHFR)

2. Monogenic AR Acrocallosal syndrome

Cerebro-costo-mandibular syndrome

Fanconi’s pancytopenia syndrome

Fraser’s syndrome

Hydrolethalus syndrome

Jarcho-Levin syndrome

Meckel-Gruber syndrome

AD Waardenburg’s syndrome

3. Chromosomal Miller-Dieker syndrome (deletion 17p13.3)

Triploidy

Trisomy 9 (mosaic)

Trisomy 13

Trisomy 18

CHILD syndrome (mutation NSDHL gene X q 28)

4. Teratogen Fetal hyperthermia spectrum

Fetal alcohol syndrome

Fetal amineopterin/methotrexate syndrome

Fetal rubella

Fetal valproate/carbamazepine/maternal epilepsy syndrome

Maternal pre-existing diabetes (pre-conception)

5. Unknown Etiology Caudal dysplasia sequence

Extrophy of cloaca sequence

Laterality sequences

Limb-body wall complex

Monozygotic twinning



FOLIC ACID AND PREVENTION

A Health Canada document,14 Preconception Health: Folic Acid

for Primary Prevention of Neural Tube Defects–a Resource Document

for Health Professionals 2002, states that, from the human data,
it is clear that periconceptional use of supplements contain-
ing folic acid substantially reduces the risks of occurrence
(first affected pregnancy) and recurrence (additional
affected pregnancies) of neural tube defects. Similar sum-
mary information is available from the National Institutes
of Health Clinical Center document, Dietary Supplement Fact

Sheet: Folate 2005.15

Women should be advised to maintain a healthy diet, as rec-
ommended in Eating Well With Canada’s Food Guide (Health
Canada).49 Good or excellent sources of folic acid include
broccoli, spinach, peas, Brussels sprouts, corn, lentils, and
oranges.

A randomized trial50 for the prevention of primary occur-
rence found periconceptional vitamin supplementation (12
vitamins including 0.8 mg of folic acid, 4 minerals, 3 trace
elements) decreased the incidence of a first occurrence of
NTD. Previous case–control studies had provided support-
ive or equivocal evidence that pregnant women using multi-
vitamins containing folic acid or dietary folic acid had a
lower risk of occurrence NTDs than women not taking
supplements.51–55

With respect to prevention of recurrence of NTDs, a ran-
domized double-blind clinical trial45 involving 1195 com-
pleted high-risk pregnancies women from 33 centres
reported 72% fewer cases of NTDs among the offspring of
the folic acid supplementation group than among the off-
spring of controls who did not take folic acid
supplementation.45 The recurrence rate decreased from
3.5% to 1% for women randomized to receive 4 mg folic
acid supplementation prior to pregnancy and throughout
the first six weeks of pregnancy. The results in the group
taking vitamins without folic acid were similar to the results
in the group not taking vitamin supplementation, with
recurrence risks of 3.5%.

Wald et al.56 evaluated the dose of folic acid required to
maximize the already known benefit of folic acid in prevent-
ing NTDs. The study analyzed published data from 13 stud-
ies of folic acid supplementation on serum folate
concentrations, as well as results from a large cohort study
on the risk of NTDs according to serum folate.

Such results predict that the preventive effect is
greater in women with low serum folate than in those
with higher concentrations. The results have also
been used to predict direct observations from large
randomised trials and the effect of food fortification.
From a typical western background serum folate of

5 ng/mL, about 0.2 mg/day (the US level of folic acid
fortification) would be expected to reduce NTDs by
about 20%; a similar effect can be expected from the
current British recommendation (0.24 mg/day). An
increase of 0.4 mg/day would reduce risk by about
36%, of 1 mg/day by 57%, and taking a 5-mg tablet
daily would reduce risk by about 85%.56

Wald et al.56 concluded that folic acid fortification levels
should be increased accordingly and that women planning a
pregnancy should take 5 mg folic acid tablets daily instead
of the 0.4 mg dose currently recommended. Some of the
subsequent letters to the editor showed support 57,58 for the
concept, although others recommended caution.59 This
increased dosage of folic acid has not yet been widely imple-
mented for preconception populations.

Folic acid supplementation reduces NTDs,60–66 but new
data (2006) for Ontario analyzed by Motherisk indicated
that 40% of females in the reproductive age had RBC folate
below 900 nmol/L and half of these (20%) were below
700 nmol/L, with 900 nmol/L or greater being necessary
for maximum protection against NTDs. On the basis of
this information, it can be estimated that 200 000 pregnant
Canadian women are suboptimally protected against NTD
each year.67 Other investigators have indicated that women
attempting pregnancy will achieve a level of 900 nmol/L
with a supplementation dosage of 0.4 mg folic acid.68 Addi-
tional information indicates that only 28% of Canadian
women took folic acid or a multivitamin containing folic
acid and that supplementation was not used the same
way/to the same extent in all ethnic groups.69 Other strate-
gies have been proposed to influence and improve folic acid
supplementation.70–72

FOLIC ACID AND VITAMIN SUPPLEMENTATION AND
BIRTH DEFECTS OTHER THAN NEURAL TUBE DEFECTS

Folic acid in combination with multivitamin supplements
has been shown to reduce other congenital anomalies, such
as heart defects,2–5 urinary tract anomalies,5–6 oral facial
clefts,33–35, 73,74 limb defects,2 and pyloric stenosis.3

A recent review has analyzed the published literature
regarding the prevention of congenital anomalies with
periconceptional folic acid supplementation.75 Meta-
analysis of prenatal multivitamin supplementation contain-
ing folic acid and the rates of congenital anomalies has
shown decreased risks for the following:
• NTD (OR case-control 0.67; [0.58–0.77] cohort/RCT

0.52[0.39–0.69] )
• Cardiovascular defects (OR case-control 0.78; [0.67–

0.92] cohort/RCT 0.61[0.40–0.92])
• Limb defects (OR case-control 0.48; [0.30–0.76]

cohort/RCT 0.57[0.38–0.85] )

Pre-conceptional Vitamin/Folic Acid Supplementation 2007
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• Cleft palate (OR case-control 0.76; [0.62–0.93]
cohort/RCT 0.42 [0.06–2.84] )

• Oral clefts with or without cleft palate (OR
case-control 0.63; [0.54–0.73] cohort/RCT 0.58 [0.28–
1.19] )

• Urinary tract anomalies (OR case-control 0.48; [0.30–
0.76] cohort/RCT 0.68[0.35–1.31])

• Congenital hydrocephalus (OR case-control 0.37;
[0.24–0.56] cohort/RCT 1.54[0.53–4.50] )

No effects were shown in preventing Down syndrome,
pyloric stenosis, undescended testis, or hypospadias.75 This
meta-analysis is limited to studies with the combined multi-
vitamin-folic acid treatment and excludes studies that did
not report malformation rates, focused on folic acid alone,
and did not contain a control group. Additional studies sup-
port these associations. 76,77

Other pediatric benefits have been identified following pre-
natal multivitamin supplementation before and in early
pregnancy.78,79 Maternal use of prenatal multivitamins is
associated with a decreased risk for pediatric brain tumours
(OR 0.73, [0.60–0.88]), neuroblastoma (0.53, [0.42–0.68]),
and leukemia (ALL) (OR 0.61, [0.50–0.74]).78 It was stated
that it is not known which constituent(s) among the multivi-
tamins confers this protective effect.

MATERNAL ISSUE WITH FOLIC ACID FORTIFICATION

A debate entitled Should Folic Acid Be Mandatory80 was
recently published. The “yes” opinion states a clear benefit
in preventing neural tube defects, with substantial evidence
on safety and no valid indication of harm. The “no” opinion

states that further investigation of the potential cancer pro-
moting effects of exposure to folic acid in susceptible peo-
ple is desirable before mandatory fortification starts. Folic
acid has not been shown to promote breast cancer81 or to
prevent82 it. Ovarian cancer studies83 suggest (but not with
statistical significance) that relatively high dietary folate
intake may be associated with a reduction in ovarian cancer
risk among woman with high alcohol and methionine
intake.

FOLIC ACID METABOLISM

The risk of toxicity from folic acid intake from supplements
and/or fortified foods is low. It is a water soluble vitamin,
so any excess intake is usually excreted in urine.

Medical conditions that increase the need for folic acid or
result in increased excretion of folic acid include
pregnancy/lactation, alcohol abuse, malabsorption (gastric
bypass patients may be at risk), renal dialysis, liver disease,
and certain anemias.

Serum folate acid levels may be affected by the metabolism of
other medications, including antineoplastic agents, epileptic
medications, and other medications (Table 3).14–17,46,84

OTHER VITAMIN ISSUES

Multivitamins should have vitamin A as beta-carotene
rather than as retinol. Excess retinol (10 000 IU; 3300 RE)
on a daily basis may cause birth defects.85 For this reason,
women should not take more than one daily dose, as indi-
cated on the product label.
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Table 3. Interactions: Drugs and folic acid
14–17,46,63,84

Drugs DX Effect Mechanism Importance

Chloramphenicol

Methotrexate

cancer

cancer

arthritis

reduced folic acid effect

reduced folic acid effect

interference with erythrocyte
maturation

caution

Phenobarbital, phenytoin,
primidone

epilepsy reduced folic acid levels increased folic acid metabolism caution

Phenytoin epilepsy loss of seizure control;
decreased phenytoin levels

increased phenytoin metabolism monitor phenytoin levels

Sulfasalazine Crohn’s disease

ulcerative colitis

decreased folic acid levels impaired absorption caution

Metformin type II diabetes reduced effect increased glucose caution

Triamterene diuretic _____ _____ NIH caution

Barbituates sedation _____ _____ NIH caution



FOLIC ACID FOOD FORTIFICATION

In Canada since 1998, in an effort to try and reduce the rate
of NTDs, there has been mandatory folic acid fortification
of white flour, enriched pasta, and cornmeal. The overall
benefit of fortification in reducing NTDs has been deter-
mined.14,15,45,74–77,86 The most recent Canadian data have
shown that 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 (1998–2002),
a 46% reduction (95% CI, 40–51). The decrease was greater
for spina bifida than for anencephaly and encephalocele.20

POTENTIAL HARM OF FOLIC ACID INTAKE

Folic acid, in a 0.4 to 1.0 mgdaily dose12–15,46, 87 is not known
to cause demonstrable harm to the developing fetus or the
pregnant woman. Folic acid is water soluble and excess is
excreted through the urinary tract. Patients aged 50 years or
over are at greater risk for vitamin B12 deficiency than youn-
ger women, but this is not the age group in which pregnancy
usually occurs. A recent Australian study88 found that high
serum folate did not mask the macrocytosis of cobalamin
deficiency of pernicious anemia. Macrocytosis appears to
retain its value as a marker of cobalamin deficiency in peo-
ple with serum folate concentrations above the population
average. The folic acid dose of 5 mg has not been reported
to have maternal or fetal risks.55–63,89

Folic acid and multivitamin supplementation is possibly
associated with an increased incidence of twins.12,90–92

There are some concerns about folic acid supplementation
being associated with an increased risk of neoplasia or pos-
sible exacerbation of pre-existing colorectal cancer.
Increased rates for colorectal cancer have been observed
since food fortification was introduced in Canada and
United States. This effect has not been proven but needs to
be acknowledged.93

This guideline recommends the use of folic acid in the
perinatal period; the use of folic acid is therefore limited to
usually recurrent 6- to 12-month time periods. Other
long-term uses for folic acid in the clinical context (alcohol-
ics, anemia, liver disease, kidney disease, malabsorption,
cardiac disease, cancer treatment) are not discussed. Aller-
gic responses to folic acid are rare, but may include ery-
thema, rash, itching, general malaise, and bronchospasm.94

CURRENT SITUATION IN CANADA

In Canada, flour is fortified with folic acid. Its introduction
coincided with an observed decrease in NTDs in
liveborns,20,95 but this may be related to prenatal diagno-
sis/termination rather than fortification alone.96,97 Women
who are motivated may be able to reach appropriate RBC

folate levels with a selected diet, supplemented foods, and
compliant daily oral folic acid supplementation (0.4–1.0
mg), but this situation may represent less than 15% to 20%
of the pregnant population.

The combination of multivitamin and folic acid can be
taken as oral supplementation or single combined pill (mul-
tivitamin with 0.4–1.0 mg or 5 mg) or as a multiple tablet
option (multivitamin with 0.4–1.0 mg; for higher folic acid
doses, add single 1 mg folic acid tablets as necessary). Oral
supplementation may be variable because of compliance
issues with daily oral tablet use (nausea, “forgot,” “don’t like
to take pills”).98,99

Conception data indicate that 50% of pregnancies are
unplanned with no additional oral supplement (multi-
vitamin with folic acid) being used. The options described
below take this into consideration.

TREATMENT OPTIONS

Option A: Patients with no personal health risks, planned
pregnancy, and good compliance require a good diet of
folate-rich foods and daily supplementation with a multi-
vitamin with folic acid (0.4–1.0 mg) for at least two to three
months before conception and throughout pregnancy and
the postpartum period (4–6 weeks and as long as breast-
feeding continues). (II-2-A)

Option B: Patients with health risks, including epilepsy,
insulin dependent diabetes, obesity with BMI > 35 kg/m2,
family history of neural tube defect, belonging to a high-risk
ethnic group (e.g., Sikh) require increased dietary intake of
folate-rich foods and daily supplementation, with multi-
vitamins with 5 mg folic acid, beginning at least three
months before conception and continuing until 10 to 12
weeks post conception. From 12 weeks post-conception
and continuing throughout pregnancy and the postpartum
period (4–6 weeks or as long as breastfeeding continues),
supplementation should consist of a multivitamin with folic
acid (0.4–1.0 mg). ( II-2-A )

Option C: Patients who have a history of poor compliance
with medications and additional lifestyle issues of variable
diet, no consistent birth control, and possible teratogenic
substance use (alcohol, tobacco, recreational non-
prescription drugs) require counselling about the preven-
tion of birth defects and health problems with folic acid and
multivitamin supplementation. The higher dose folic acid
strategy (5 mg) with multivitamin should be used, as it may
obtain a more adequate serum red blood cell folate level
with irregular vitamin / folic acid intake but with a minimal
additional health risk. (III-B)

Pre-conceptional Vitamin/Folic Acid Supplementation 2007

DECEMBER JOGC DÉCEMBRE 2007 � 1009



SUMMARY

Folic acid (in the diet and/or in a supplement)with a multi-
vitamin has been proven to decrease or minimize specific
birth defects including neural tube defects, congenital heart
disease, urinary tract anomalies, oral facial clefts with or
without cleft palate, limb defects, and hydrocephalus, as
well as some pediatric cancers. The public health flour forti-
fication initiative has been very beneficial with respect to
primary prevention of birth defects. The recent compre-
hensive Canadian analysis of neural tube reduction after
folic acid flour fortification has reported a 46% reduction.
The observed reduction was greater for spina bifida (53%)
than for anencephaly (38%) and encephalocele (31%). Fur-
ther reductions in the incidence of congenital anomalies
sensitive to folic acid and multivitamins should be possible
with the participation of key stakeholders.

Recommendations

1. Women in the reproductive age group should be advised
about the benefits of folic acid in addition to a multivita-
min supplement during wellness visits (birth control
renewal, Pap testing, yearly examination) especially if
pregnancy is contemplated. (III-A)

2. Women should be advised to maintain a healthy diet, as
recommended in Eating Well With Canada’s Food Guide

(Health Canada). Foods containing excellent to good
sources of folic acid are fortified grains, spinach, lentils,
chick peas, asparagus, broccoli, peas, Brussels sprouts,
corn, and oranges. However, it is unlikely that diet alone
can provide levels similar to folate-multivitamin
supplementation. (III-A)

3. Women taking a multivitamin containing folic acid
should be advised not to take more than one daily dose of
vitamin supplement, as indicated on the product label.
(II-2-A)

4. Folic acid and multivitamin supplements should be
widely available without financial or other barriers for
women planning pregnancy to ensure the extra level of
supplementation. (III-B)

5. Folic acid 5 mg supplementation will not mask vitamin
B12 deficiency (pernicious anemia), and investigations
(examination or laboratory) are not required prior to ini-
tiating supplementation. (II-2-A)

6. The recommended strategy to prevent recurrence of a
congenital anomaly (anencephaly, myelomeningocele,
meningocele, oral facial cleft, structural heart disease,
limb defect, urinary tract anomaly, hydrocephalus) that
has been reported to have a decreased incidence follow-
ing preconception / first trimester folic acid +/- multi-
vitamin oral supplementation is planned pregnancy +/-
supplementation compliance. A folate-supplemented

diet with additional daily supplementation of multivita-
mins with 5 mg folic acid should begin at least three
months before conception and continue until 10 to 12
weeks post conception. From 12 weeks post conception
and continuing throughout pregnancy and the
postpartum period (4–6 weeks or as long as breastfeed-
ing continues), supplementation should consist of a mul-
tivitamin with folic acid (0.4–1.0 mg). (I-A)

7. The recommended strategy (ies) for primary prevention
or to decrease the incidence of fetal congenital anomalies
will include a number of options or treatment
approaches depending on patient age, ethnicity, compli-
ance, and genetic congenital anomaly risk status.

• Option A: Patients with no personal health risks,
planned pregnancy, and good compliance require a
good diet of folate-rich foods and daily
supplementation with a multivitamin with folic acid
(0.4–1.0 mg) for at least two to three months before
conception and throughout pregnancy and the
postpartum period (4–6 weeks and as long as
breastfeeding continues). (II-2-A)

• Option B: Patients with health risks, including
epilepsy, insulin dependent diabetes, obesity with
BMI >35 kg/m2, family history of neural tube
defect, belonging to a high-risk ethnic group
(e.g., Sikh) require increased dietary intake of
folate-rich foods and daily supplementation, with
multivitamins with 5 mg folic acid, beginning at least
three months before conception and continuing until
10 to 12 weeks post conception. From 12 weeks
post-conception and continuing throughout
pregnancy and the postpartum period (4–6 weeks or
as long as breastfeeding continues), supplementation
should consist of a multivitamin with folic acid
(0.4–1.0 mg). ( II-2-A )

• Option C: Patients who have a history of poor
compliance with medications and additional lifestyle
issues of variable diet, no consistent birth control,
and possible teratogenic substance use (alcohol,
tobacco, recreational non-prescription drugs) require
counselling about the prevention of birth defects
and health problems with folic acid and multivitamin
supplementation. The higher dose folic acid strategy
(5 mg) with multivitamin should be used, as it may
obtain a more adequate serum red blood cell folate
level with irregular vitamin / folic acid intake but
with a minimal additional health risk. (III-B)

8. The Canadian Federal Government could consider an
evaluation process for the benefit/risk of increasing the
level of national folic acid flour fortification to
300 mg/100 g (present level 140 mg/100 g). (III-B)
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9. The Canadian Federal Government could consider an
evaluation process for the benefit/risk of additional
flour fortification with multivitamins other than folic
acid. (III-B)

10. The Society of Obstetricians and Gynaecologists of
Canada will explore the possibility of a Canadian
Consensus conference on the use of folic acid and
multivitamins for the primary prevention of specific
congenital anomalies. The conference would include
Health Canada/Congenital Anomalies Surveillance,
Canadian College of Medical Geneticists, Canadian
Paediatric Society, Motherisk, and pharmaceutical
industry representatives.

REFERENCES

1. Kohut R, Rusen ID. Congenital anomalies in Canada. Health Canada:
a perinatal health report 2002. Ottawa: Ministry of Public Works and
Government Services Canada:2002.

2. Czeizel AE. Prevention of congenital abnormalities by periconceptional
multivitamin supplementation. BMJ 1993:306;1645–8.

3. Shaw GM, O’Malley CD, Wasserman CR, Tolarova MM, Lammer EJ.
Maternal periconceptional use of multivitamins and reduced risk for
conotruncal heart defects and limb deficiencies among offspring. Am J Med
Genet 1995;59:536–45.

4. Botto LD, Khoury MJ, Mulinara J, Erickson JD. Periconceptional
multivitamin use and the occurrence of conotruncal heart defects: results
from a population-based, case-control study. Pediatrics 1996;98: 911–7.

5. Czeizel AE. Reduction of urinary tract and cardiovascular defects by
periconceptional multivitamin supplementation. Am J Med Gent
1996;62:179–83.

6. Li DK, Daling JR, Mueller BA, Hickok DE, Fantel AG, Weiss NS.
Periconceptional multivitamin use in relation to the risk of congenital
urinary tract anomalies. Epidemiology 1995;6:212–8.

7. Hayes C, Werler MM, Willett WC, Mitchell AA. Case-control study of
periconceptional folic acid supplementation and oral clefts. Am J Epidemiol
1996;143:1229–34.

8. Shaw GM, Lammer EJ, Wasserman CR, O’Malley CD, Tolarova MM.
Risks of orofacial clefts in children born to women using multivitamins
containing folic acid periconceptionally. Lancet 1995;345:393–6.

9. Tolarova M, Harris J. Reduced recurrence of orofacial clefts after
periconceptional supplementation with high-dose folic acid and
multivitamins. Teratology 1995;51:71–8.

10. Hall JG. Folic acid: the opportunity that still exist. CMAJ 2000;162:1571–2.

11. Oakley GP. Folate deficiency is an “Imminent Health Hazard” causing a
worldwide birth defects epidemic. Birth Defects Res A Clin Mol Teratol 67;
903–04.

12. Eichholzer M, Tonz O, Zimmerman R. Folic acid: a public-health challenge.
Lancet 2006;367:1852–61.

13. Woolf SH, Battista RN, Angerson GM, Logan AG, Eel W. Canadian Task
Force on the Preventive Health Care. New grades for recommendations
from the Canadian Task Force on Preventive Health Care. CMAJ
2003;169(3):207–8.

14. Preconception health—folic acid for the primary prevention of neural tube
defects. A resource document for health professionals. Available at:
http://www.phac-aspc.gc.ca/fa-af/report/full_report.html. Accessed May
12, 2007.

15. Dietary Supplement Fact Sheet: Folate. Available at:
http://ods.od.nih.gov/factsheets/Folate_pf.asp. Accessed May 12, 2007.

16. SOGC Genetics Committee: The use of folic acid for the prevention of
neural tube defects and other congenital anomalies. SOGC Clinical Practice
Guidelines, No. 138, November 2003. J Obstet Gynaecol Can 2003;
25(11);960–5.

17. Neural Tube Defects. American College of Obstetrics and Gynecology
Educational Bulletin 2003:44;754–64.

18. Van Allen MI, Fraser FC, Dallaire L, Allanson J, McLeod DR, Andermann
E, et al. Recommendations on the use of folic acid supplementation to
prevent the recurrence of neural tube defects. Clinical Teratology
Committee, Canadian College of Medical Geneticists. CMAJ
1993;149(9)1239–43.

19. Jones KL. Smith’s recognizable patterns of human malformation. 6th ed.
Philadelphia WB Saunders; 2006:704–05.

20. De Wals P, Tairou F, Van Allen M, Uh SH, Lowry RB, Sibbald B, et al.
Reduction in neural-tube defects after folic acid fortification in Canada.
N Engl J Med 2007;357:135–42.

21. Hunter AGW. Neural tube defects in eastern Ontario and western Quebec:
demography and family data. Am J Med Genet 1984;19:45–63.

22. Frecker M, Fraser FC. Epidemiological studies of neural tube defects in
Newfoundland. Teratology 1987;36:355–61.

23. Dallaire L, Melancon SB, Potier M, Matthiew M-P, Ducharme G. Date of
conception and prevention of neural tube defects. Clin Genet
1984;26:304–7.

24. McBride ML. Sib risks of anencephaly and spina bifida in British Columbia.
Am J Med Genet 1979;3:377–87.

25. Dallaire L, Michaud J, Melancon SB, Potier M, Lambert M, Mitchell G, et al.
Prenatal diagnosis of fetal anomalies during the second trimester of
pregnancy: Their characterization and delineation of defects in pregnancies
at risk. Prenat Diagn 1991;11:629–35.

26. Gucciardi E, Pietrusiak MA, Reynolds DL, Rouleau J. Incidence of neural
tube defects in Ontario, 1986–1999. CMAJ 2002;167(3):237–40.

27. Persad VL, Van den Hof MC, Dube JM, Zimmer P. Incidence of open
neural tube defects in Nova Scotia after folic acid fortification. CMAJ
2002;167(3):241–5.

28. Health Canada. Canadian perinatal health report 2003. Canadian Perinatal
Surveillance System. Ottawa: Minister of Public Works and Government
Services Canada; 2003.

29. Trimble BK, Baird PA. Congenital anomalies of the central nervous system.
Incidence in British Columbia 1952–1972. Teratology 1978;1743–9.

30. Hall JG, Friedman JM, Kenna BA, Popkin J, Jawanda M, Arnold W.
Clinical, genetic, and epidemiological factors in neural tube defects. Am J
Hum Genet 1988;43:827–37.

31. Chambers K, Popkin J, Arnold W, Irwin B, Hall JG. Neural tube defects in
British Columbia. Lancet 1994;343:489–90.

32. Little J, Elwood JM, eds. Epidemiology and control of neural tube defects.
Vol 20. In: Monograph in epidemiology and biostatistics. Oxford: Oxford
University Press;1992.

33. Baird PA. Neural tube defects in the Sikhs. Am J Med Genet 1983;16:49–56.

34. Berry RJ, Li Z, Erickson JD, Li S, Moore CA, Wang H, et al. Prevention of
neural-tube defects with folic acid in China. N Engl J Med
1999:341;1485–90.

35. Holmes LB, Driscoll SG, Atkins LA. Etiologic herterogeneity of neural tube
defects. N Engl J Med 1976;294:365–9.

36. Khoury MJ, Erickson JD, James LM. Etiologic heterogeneity of neural tube
defects: clues from epidemiology. Am J Epidem 1982:115:538–48.

37. Babcook CJ, Ball RH, Feldkamp ML. Prevalence of aneuploidy and
additional anatomic abnormalities in fetuses with open spina bifida:
population based study in Utah. J Ultrasound Med 2000;19:619–23.

Pre-conceptional Vitamin/Folic Acid Supplementation 2007

DECEMBER JOGC DÉCEMBRE 2007 � 1011



38. Mills JL, Knopp RH, Simpson JL, Jovanovic-Peterson L, Metzger BE,
Holmes CB. Lack of relation of increased malformation rates in infants of
diabetic mothers to glycemic control during organogenesis. N Eng J Med
1988;318:671–6.

39. Martin RH, Nimrod C. Crohn’s disease, folic acid, and neural tube defects
(NTD). Br Med J 1984;289:228.

40. Lammer EJ, Sever LE, Oakley GP Jr. Teratogen updates: valproic acid.
Teratology 1987;35:465–73.

41. Rosa FW. Spina bifida in infants of women treated with carbamazepine
during pregnancy. N Engl Med 1991;324:674–7.

42. Warkany J. Amniopterin and methotrexate: folic acid deficiency. Teratology
1978;17:353–8.

43. Chodirker BN, Cadrin C, Davies GAL, Summers AM, Wilson RD, Winsor
EJT, et al. SOGC Genetics Committee Members, CCMG Prenatal
Diagnosis Committee Members. Canadian guidelines for prenatal diagnosis.
Genetic indications for prenatal diagnosis. SOGC Clinical Practice
Guidelines, No 105, June 2001. J Soc Obstet Gynaecol Can
2001;23(6):525–31.

44. Chodirker BN, Cadrin C, Davies GAL, Summers AM, Wilson RD, Winsor
EJT, et al. SOGC Genetics Committee Members, CCMG Prenatal
Diagnosis Committee Members. Canadian guidelines for prenatal diagnosis.
Techniques of prenatal diagnosis. SOGC Clinical Practice Guidelines,
No 105, July 2001. J Obstet Gynaecol Can 2001;23(7):616–24.

45. MRC Vitamin Study Research Group. Prevention of neural tube defects:
results of the Medical Research Council Vitamin Study. Lancet
1991;338:131–7.

46. Van Allen MI, McCourt C, Lee NS. Preconception health: folic acid for the
primary prevention of neural tube defects. A resource document for health
professionals, 2002. Ottawa, Ontario Minister of Public Works and
Government Services Canada.

47. Monteagudo A, Timor-Tritsch IE. Fetal face and central nervous system. In:
Jaffe R, Bue TH, eds. Textbook of fetal ultrasound. New York, Parthenon;
1999:109–11.

48. Pilu G, Hobbins JC. Sonography of fetal cerebrospinal anomalies. Prenat
Diagn 2002;22:321–30.

49. Eating well with Canada’s Food Guide (Health Canada). Available at:
http://www.healthcanada.gc.ca/food-guide. Accessed March 2007.

50. Czeizel AE, Dudas L. Prevention of the first occurrence of neural tube
defects by periconceptional vitamin supplementation. N Engl J Med
1992;327:1832–5.

51. Mulinare J, Cordero JF, Erickson JD, Berry RJ. Periconceptional use of
multivitamins and the occurrence of neural tube defects. J Am Med
1988;260:3141–5.

52. Mills JL, Rhoads GG, Simpson JL, Cunningham GC, Conley MR, Lassman
MR et al. The absence of a relation between the periconceptional use of
vitamins and neural-tube defects. N Engl J Med 1989;321:430.

53. Milunsky A, Jick H, Jick SS, Bruell CL, MacLuaghlin DS, Rothman KJ, et al.
Multivitamin/Folic acid supplementation in early pregnancy reduces the
prevalence of neural tube defects. JAMA 1989;262:2847–52.

54. Morbidity and Mortality Weekly Report. Use of folic acid for prevention of
spina bifida and other neural tube defects-1983–1991. MMWR
1991;40:513–6.

55. Bower C, Stanley FJ. Dietary folate as a risk factor for neural-tube defects:
evidence from a case-control study in Western Australia. Med J Aust
1989;150:613–8.

56. Wald NJ, Law MR, Morris JK, Wald DS. Quantifying the effect of folic acid.
Lancet 2001;358:2069–73.

57. Davis RE. Effects of folic acid (letter). Lancet 2002;359:2038–9.

58. Abramsky L, Noble J. Effects of folic acid (letter). Lancet 2002;359:2039.

59. Reynolds E. Effects of folic acid (letter). Lancet 2002;359:2039–40.

60. Oakley GP, Bell KN, Weber MB. Recommendations for accelerating global
action to prevent folic acid-preventable birth defects and other
folate-deficiency diseases: meeting of experts on preventing folic
acid-preventable neural tube defects. Birth Defects Res A Clin Mol Teratol
2004:70;835–7.

61. Robbins JM, Tilford JM, Bird TM, Cleves MA, Reading A, Hobbs CA.
Hospitalizations of newborns with folate-sensitive birth defects before and
after fortification of foods with folic acid. Pediatrics 2006(118):3;906–15.

62. Bell KN, Oakley GP. Tracking the prevention of folic acid-preventable
spina bifida and anencephaly. Birth Defects Res A Clin Mol Teratol
2006:76;654–7.

63. Wald NJ. Folic acid and the prevention of neural tube defects. N Engl J
Med 2004 350:2;101–03.

64. Czeizel AE, Medveczky E. Periconceptional multivitamin supplementation
and multimalformed offspring. Am Col Obstet Gynec 2003;102(6):1255–61.

65. Lopez-Camelo JS, Orioli IM, Dutra MDG, Nazer-Herrera J, Rivera N,
Ojeda ME, et al. Reduction of birth prevalence rates of neural tube defects
after folic acid fortification in Chile. Am J Med Genet 2005;135A:120–5.

66. Canfield MA, Collins JS, Boto LD, Williams LJ, Mai CT, Kirby RS, et al.
Changes in the birth prevalence of selected birth defects after grain
fortification with folic acid in the United States: findings from a multi-state
population-based study. Birth Defects Res A Clin Mol Teratol
2005;73:679–89.

67. Kapur B, Bar OZ, Nguyen P, Koren G. Levels of folate in women of
reproductive age in Ontario. Can J Clin Pharmacol (In press).

68. Brown, JE, Jacobs D, Hartman T, Barosso G, Stang J, Gross M, et al.
Predictors of red cell folate level in women attempting pregnancy. JAMA
1997;277(7):548,552.

69. Tam L, McDonald SD, Wen SW, Smith GN, Windrim RC, Walker MC.
A survey of preconceptional folic acid use in a group of Canadian women.
J Obstet Gynaecol Can 2005;27(3):232–6.

70. Cleves MA, Hobbs CA, Collins HB, Andrews N, Smith LN, Robbins JM.
Folic acid use by women receiving routine gynecologic care. Obstet
Gynecol 2004;103:746–53.

71. de Jong-van den Berg LTW, Hernandez-Diaz S, Werler MM, Louik C,
Mitchell AA. Trends and predictors of folic acid awareness and
periconceptional use in pregnant women. Am J Obstet Gynecol
2005;192:121–8.

72. Robbins JM, Cleves MA, Collins B, Andrews NA, Smith LN, Hobbs CA.
Randomized trial of a physician-based intervention to increase the use of
folic acid supplements among woman. Am J Obstet Gynecol
2005;192:1126–32.

73. Badovinac RL, Werler MM, Williams PL, Kelsey KT, Hayes C. Folic
acid-containing supplement consumption during pregnancy and risk for oral
clefts: a meta-analysis. Birth Defects Res A Clin Mol Teratol 2007;79:8–15.

74. Yazdy MM, Honein MA, Xing J. Reduction in orofacial clefts following folic
acid fortification of the U.S. grain supply. Birth Defects Res A Clin Mol
Teratol 2007;79:16–23.

75. Goh YI, Bollano E, Einarson TR, Koren G. Prenatal multivitamin
supplementation and rates of congenital anomalies: a meta-analysis.
J Obstet Gynaecol Can 2006; 28(8):680–9.

76. Botto LD, Olney RS, Erickson JD. Vitamin supplements and the risk for
congenital anomalies other than neural tube defects. Am J Med Genet 2004
125C:12–21.

77. Botto LD, Lisi A, Bower C, Canfield MA, Dattani N, DeVigan C, et al.
Trends of selected malformations in relation to folic acid recommendations
and fortifications: an international assessment. Birth Defects Res A Clin
Mol Teratol 2006:76;693–705.

JOINT SOGC-MOTHERISK CLINICAL PRACTICE GUIDELINE

1012 � DECEMBER JOGC DÉCEMBRE 2007



78. Goh YI, Bnollano E, Einarson TR, Koren G. Motherisk Update 2007.
Prenatal multivitamin supplementation and rates of pediatric cancers:
a meta-analysis. Clin Pharm Ther 2007;81:685–91.

79. Olshan AF, Smith JC, Bondy ML, Neglia JP, Pollock BH. Maternal vitamin
use and reduced risk of neuroblastoma. Epidemiology 2002;13:575–80.

80. Hubner RA, Houlston RD, Muir KR. Should folic acid fortification be
mandatory? No. BMJ 2007;334:1253.

81. Ravdin PM, Cronin KA, Howlader N, Ber CD, Chlebowski RT, Feuer EJ,
et al. The decrease in breast-cancer incidence in 2003 in the United States.
New Engl J of Med 2007;356:1670–4.

82. Kim YI. Does a high folate intake increase the risk of breast cancer. Nutr
Rev 2006;64(10):468–75.

83. Navarro-Silvera SA, Jain M, Howe GR, Miller AB, Rohan TE. Dietary folate
consumption and risk of ovarian cancer: a prospective cohort study. Eur J
Cancer Prev 2006;15:511–5.

84. ePocrates Rx Pro [software program]. Version 6. San Mateo, CA:ePocrates
Inc; 2006.

85. McDonald SD, Ferguson S, Tam L, Lougheed J, Waler MC. The prevention
of congenital anomalies with periconceptional folic acid supplementation.
J Obstet Gynaecol Can 2003:25(2):115–21.

86. Kadir RA, Economides DL. Neural tube defects and periconceptional folic
acid. CMAJ 2002;167(3)255–6.

87. Ahn E, Nava-Ocampo AA, Koren G. Motherisk update 2007. Multivitamin
supplement for pregnant women. New Insights. Can Fam Physician
2004;50;705–6.

88. Metz J, McNel AR, Levin M. The relationship between serum cobalamin
concentration and mean red cell volume at varying concentrations of serum
folate. Clin Lab Haem 2004:26;323–5.

89. Duffy TP. Hematologic aspects of pregnancy. In: Barrow GN, Duffy TP,
eds. Medical complications during pregnancy. 5th ed. Philadelphia: WB
Saunders;1999:82–3.

90. Czeizel AE, Vargha P. Periconceptional folic acid/multivitamin
supplementation and twin pregnancy. Am J Obstet Gynecol
2004;191:790–4.

91. Steinman G. Comment. Can the chance of having twins be modified by
diet? Lancet 2006; 367:1461–2.

92. Haggarty P, McCallum H, McBain H, Andrews K, Duthie S, McNeill G,
et al. Effect of B vitamins and genetics on success of in-vitro fertilisation:
prospective cohort study. Lancet 2006;367:1513–9.

93. Mason J, Dickstein A, Jacques P, Haggarty P, Selhub J, Dallal G, et al.
A temporal association between folic acid fortification and an increase in
colorectal cancer rates may be illuminating important biological principles:
a hypothesis. Cancer Epidemiol Biomarkers Prev 2007;16(7).

94. Leathern AM, ed. Drug information reference, second edition. British
Columbia Drug and Poison Information Centre;1984.

95. Ray JG, Meier C, Vermeulen MJ, Boss S, Wyatt PR, Cole DE. Association
of neural tube defects and folic acid food fortification in Canada. Lancet
2002;360:2047–48.

96. Peller AJ, Westgate MN, Holmes L. Trends in congenital malformations,
174–1999: Effect of prenatal diagnosis and elective termination. Obstet
Gynecol 2004;104:957–64.

97. Van Allen MI, Boyle E, Thiessen P, McFadden D, Cochrane D, Chambers
GK, et al. The impact of prenatal diagnosis on neural tube defect (NTD)
pregnancy versus birth incidence in British Columbia. J Appl Genet
2006;47(2):151–158.

98. Ahn E, Kapur B, Koren G. Motherisk update 2007. Study on circadian
variation in folate pharmacokinetics. Can J Clin Pharmacol 2005;12(1):e4-e9.

99. Koren G, Pairaideau N. Motherisk Update 2007. Compliance with prenatal
vitamins. Patients with morning sickness sometimes find it difficult. Can
Fam Physician 2006;52:1392–3.

Pre-conceptional Vitamin/Folic Acid Supplementation 2007

DECEMBER JOGC DÉCEMBRE 2007 � 1013



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


