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N eural tube defects are major congenital malformations of-
ten caused by low folate concentrations in the body at the
time of conception. These defects frequently result in sig-

nificant disability or death for affected fetuses and children. Strat-
egies that enhance folic acid uptake before pregnancy offer the best
chance of prevention.

In 2017, the US Preventive Services Task Force (USPSTF) con-
cluded that folic acid supplementation in the periconceptional
period has substantial benefits in reducing the risk of neural tube
defects in the developing fetus1 and reaffirmed its 2009 recom-
mendation that all persons who are planning or capable of preg-

nancy take a daily supplement containing 0.4 to 0.8 mg (400-
800 μg) of folic acid (A recommendation). The 2017 USPSTF
recommendation was based on previously reviewed evidence
from a randomized clinical trial and observational studies report-
ing reduced neural tube defects with supplementation and no
consistent evidence of harms such as multiple gestation, mater-
nal adverse effects, or child respiratory illness.

This limited evidence update aimed to identify studies
published since the previous (2017) evidence review2 con-
ducted for the USPSTF to inform a reaffirmation of the current
recommendation.

IMPORTANCE Neural tube defects are among the most common birth defects in the US.

OBJECTIVE To review new evidence on the benefits and harms of folic acid supplementation
for the prevention of neural tube defects to inform the US Preventive Services Task Force.

EVIDENCE REVIEW Sources included PubMed, Cochrane Library, Embase, and trial
registries from July 1, 2015, through July 2, 2021; references; and experts, with surveillance
through February 10, 2023. Two investigators independently reviewed English-language
randomized studies and nonrandomized cohort studies in very highly developed
countries that focused on the use of folic acid supplementation for the prevention of
neural tube defect–affected pregnancies; methodological quality was dually and
independently assessed.

FINDINGS Twelve observational studies (reported in 13 publications) were eligible for this
limited update (N = 1 244 072). Of these, 3 studies (n = 990 372) reported on the
effect of folic acid supplementation on neural tube defects. For harms, 9 studies were
eligible: 1 randomized clinical trial (n = 431) reported on variations in twin delivery, 7
observational studies (n = 761 125) reported on the incidence of autism spectrum disorder,
and 1 observational study (n = 429 004) reported on maternal cancer. Two cohort studies
and 1 case-control study newly identified in this update reported on the association
between folic acid supplementation and neural tube defects (n = 990 372). One cohort
study reported a statistically significant reduced risk of neural tube defects associated with
folic acid supplementation taken before pregnancy (adjusted relative risk [aRR], 0.54
[95% CI, 0.31-0.91]), during pregnancy (aRR, 0.62 [95% CI, 0.39-0.97]), and before and
during pregnancy (aRR, 0.49 [95% CI, 0.29-0.83]), but this association occurred for
only the later of 2 periods studied (2006-2013 and not 1999-2005). No other statistically
significant benefits were reported overall. No study reported statistically significant harms
(multiple gestation, autism, and maternal cancer) associated with pregnancy-related
folic acid exposure.

CONCLUSIONS AND RELEVANCE New evidence from observational studies provided additional
evidence of the benefit of folic acid supplementation for preventing neural tube defects and
no evidence of harms related to multiple gestation, autism, or maternal cancer. The new
evidence was consistent with previously reviewed evidence on benefits and harms.
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Methods

An analytic framework and 2 key questions guided the limited evi-
dence update (Figure). A literature search of PubMed/MEDLINE, the
Cochrane Library, Embase, and trial registries was conducted from
July 1, 2015, through July 2, 2021. Additional sources included ref-
erence lists of retrieved articles, outside experts, and public com-
menters, with ongoing surveillance of the literature through Febru-
ary 10, 2023. Two investigators independently evaluated the
eligibility of all abstracts and articles and rated study quality using
predefined criteria.4 Detailed methods and results are available in
the full evidence report.4

English-language randomized and nonrandomized studies
that focused on the use of folic acid supplementation (by itself or
in multivitamins) for the prevention of neural tube defect–
affected pregnancies in persons capable of getting pregnant were
eligible. Studies conducted in very highly developed countries
and that investigated potential harms of folic acid supplementa-
tion, such as maternal cancer and autism spectrum disorder, were
also eligible. Ineligible studies included poor-quality studies and
those focusing solely on persons taking antiseizure medications
or with a history of neural tube defects in previous pregnancies.

Results
Twelve observational studies (reported in 13 publications5-17)
(Table) were eligible for this limited update (N = 1 244 072 [from
nonoverlapping cohorts]). Of these, 3 studies (n = 990 372)
assessed the effect of folic acid supplementation on neural tube
defects.5-8 No studies examined differences by race or ethnicity.

For harms, 9 studies were eligible; 1 randomized clinical trial
(n = 431) assessed variations in twin delivery,9 7 observational
studies (n = 761 125) examined the incidence of autism spectrum
disorders,10-16 and 1 observational study (n = 429 004) reported
on maternal cancer.17 The Table also reports details on studies
from the 2017 evidence review.18-47

Benefits of Folic Acid Supplementation
Regarding the benefits of folic acid supplementation, 2 cohort
studies and 1 case-control study in this update examined the asso-
ciation between folic acid supplementation and neural tube
defects (n = 990 372).5-8 Food fortification and supplementation
practices varied by setting. Of these studies, 1 cohort study set in
Norway (no mandatory fortification) reported on neural tube
defects among live births and stillborn infants from 1999 to 2013
overall and also stratified results into 2 separate periods: 1999 to
2005 and 2006 to 2013.6 The authors performed this stratified
analysis because they found that the overall adjusted relative risk
(aRR) was affected by year of birth. Several external events of
importance were cited to explain differences by period: the intro-
duction of folic acid recommendations in 1999, inclusion of
0.2 mg of folic acid in multivitamin supplements from 2004
onward (before 2004, most multivitamins did not include
folic acid), and increased adherence to folic acid recommenda-
tions in the second half of the period analyzed (2006-2013).6

The authors reported no statistically significant benefits in the
first of the 2 periods (1999-2005), regardless of timing of supple-
mentation (before pregnancy, during pregnancy, or before and
during pregnancy). In contrast, in the second period (2006-
2013), the authors reported a statistically significant reduced risk
of neural tube defects associated with folic acid supplementation
taken before pregnancy (aRR, 0.54 [95% CI, 0.31-0.91]), during

Figure. Analytic Framework: Folic Acid Supplementation to Prevent Neural Tube Defects

Key questions

a. To what extent does folic acid supplementation reduce the risk for NTDs (first occurrence)
in persons capable of getting pregnant?

b. Does the effect of folic acid supplementation on NTDs (first occurrence) differ by race/ethnicity?
c. Do the benefits of folic acid supplementation differ by dosage, timing, or duration of therapy?

1

a. Are harms associated with folic acid supplementation to the pregnant person, fetus, neonate, or child?
b. Do the harms of folic acid supplementation differ by dosage, timing, or duration of therapy?

2

Persons capable
of pregnancy Decreased pregnancies

with NTD

Health outcome

Harms of
supplementation

2

Folic acid
supplementation

1

Folate levels
in the body

Evidence reviews for the
US Preventive Services Task Force
(USPSTF) use an analytic framework
to visually display the key questions
that the review will address to allow
the USPSTF to evaluate the
effectiveness and safety of a
preventive service. The questions are
depicted by linkages that relate to
interventions and outcomes. Further
details are available from the USPSTF
procedure manual.3 NTD indicates
neural tube defect.
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pregnancy (aRR, 0.62 [95% CI, 0.39-0.97]), and before and dur-
ing pregnancy (aRR, 0.49 [95% CI, 0.29-0.83]).6

The second cohort study, set in Japan (no mandatory food for-
tification), reported no statistically significant differences associ-
ated with adequate (preconception) folic acid supplementation
(adjusted odds ratio [aOR], 0.62 [95% CI, 0.23-1.71]) when com-
pared with inadequate use (use after pregnancy recognition or no
use).5 The third study, a case-control study set in the US and Canada
in the period following food fortification, reported on participants
with pregestational diabetes and prepregnancy obesity.8 The study
reported that cases occurred more often among persons with un-
planned pregnancies.8 Authors reported a statistically significant re-
duction in neural tube defects in women with prepregnancy obe-
sity taking 0.4 mg to 1 mg of folic acid, when compared with women
taking no supplementation and adjusting for maternal age (aOR, 0.54
[95% CI, 0.29-0.95]).8 Results adjusting for planned pregnancy
rather than maternal age were similar but not statistically signifi-
cant (aOR, 0.57 [95% CI, 0.30-1.02]).8 Across all 3 studies, no other
statistically significant benefits were reported overall or by dose
(1 study8) or timing (1 study6,7).

Harms of Folic Acid Supplementation
No study of harms (multiple gestation, autism, and maternal can-
cer) reported significant associations with pregnancy-related folic
acid exposure.9-17

Discussion
This evidence review identified 3 new observational studies report-
ing on the association between folic acid supplementation before
or during pregnancy and neural tube defects in offspring. Manda-
tory food fortification and supplementation practices varied by ge-
ography and period of investigation and contributed to heteroge-
neity across studies. Nevertheless, these new studies provided
additional evidence of the benefit of folic acid supplementation for
preventing neural tube defects. Nine new observational studies
found no evidence of harms related to multiple gestation, autism,
or maternal cancer. This new evidence is consistent with previ-
ously reviewed evidence on the benefits and harms of folic acid
supplementation to prevent neural tube defects.
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