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Folic Acid Supplementation to  
Prevent Recurrent Neural Tube Defects:  
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Abstract
Some medical practices have been ingrained in custom for 
decades, long after “proof” that they were effective was es-
tablished. It is necessary to periodically reevaluate these 
practices, as newer theories and research may challenge the 
evidence upon which they were based. An example is the 
decades’ old practice of recommending a 4-mg (4,000-µg) 
supplement of folic acid to women who are at risk for recur-
rent neural tube defect (NTD) during pregnancy. This recom-
mendation was based on findings from a randomized clini-
cal trial in 1991. Since then, multiple studies have confirmed 
the utility of 400–800 µg of folic acid in lowering both pri-
mary and recurrent risks of NTDs, but no studies have estab-
lished any further reduction in risk with doses over 1 mg. 
Current understanding of folic acid metabolism during preg-
nancy suggests that at higher doses, above ∼1 mg, there is 
not increased absorption. Recent evidence suggests that 4 
mg folic acid supplementation may not be any more effec-

tive than lower doses for the prevention of recurrent NTDs. 
Thus, we recommend that it is time for clinicians to reexam-
ine their reliance on this outdated recommendation and 
consider using current recommendations of 400–800 µg per 
day for all patients in conjunction with assessment of mater-
nal folate status. © 2018 S. Karger AG, Basel

Introduction

Neural tube defects (NTDs) are congenital malforma-
tions of the cranium or spine that result from failure of 
normal neural tube closure during early pregnancy [1]. 
NTDs are one of the most common congenital anomalies 
in the US with a prevalence of 6.5 per 10,000 live births 
during 2009–2011 [2]. Over the past 100 years, the inci-
dence of NTDs has been steadily decreasing secondary to 
better nutrition and screening with maternal serum al-
pha-fetoprotein and now ultrasound [3].

NTDs are a multifactorial disorder, with risk factors of 
genetic predisposition and various environmental expo-
sures, the most influential being low maternal pericon-
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ceptional folate intake [1]. The main sources of folate are 
naturally occurring folate in foods, dietary supplements 
of folic acid, and folic acid-fortified foods. In the US, ce-
real grain products have been fortified with folic acid 
since 1998 [3]. This fortification program has been high-
ly successful in decreasing the incidence of NTDs in the 
US population, independent of consumption of addition-
al folic acid supplements [2, 3].

The US Preventative Services Task Force (USPSTF) 
recommends a daily supplement of 400–800 µg of folic 
acid for all women who are planning or capable of preg-
nancy [4]. A much larger supplement of 4 mg is recom-
mended for women considered at high risk for an NTD, 
particularly those with a previous pregnancy complicated 
by an NTD [1]. Here, we re-evaluate the evidence sup-
porting the recommendation of 4-mg supplements 
among women at high risk of NTD to determine if it is 
effective, or even necessary.

Folate/Folic Acid and Neural Tube Defects

Food fortification interventions and clinical trials con-
sistently show that increasing women’s intakes of folic 
acid during the periconceptional period results in a de-
crease in the prevalence of NTDs [5, 6]. However, the ex-
act mechanisms by which folate may act to prevent NTDs 
have yet to be determined. Folate has a major role as a 
co-enzyme in numerous biochemical pathway involved 
in one carbon metabolism (methylation), including the 
synthesis of DNA, RNA, and certain amino acids. Great-
er amounts of folate are required during pregnancy be-
cause of the rapid rate of cellular and tissue growth and 
development for the mother, placenta, and fetus. Inade-
quate amounts of folate during this time may inhibit or 
impair DNA synthesis and other cellular processes that 
require methylation, which may have detrimental and ir-
reversible effects on the growing fetus [1].

History of the 4-mg Recommendation

Laurence et al. [7] conducted one of the first random-
ized clinical trials to report that folic acid supplementa-
tion reduced the risk of a recurrent NTD (i.e., women 
who had a previous pregnancy complicated by an NTD). 
In this study, women assigned to the treatment group re-
ceived a daily 4-mg supplement of folic acid prior to con-
ception through early pregnancy. The rationale for choos-
ing this dose was not provided by the authors, and no 

other doses were tested [7]. In 1991, the Medical Research 
Council (MRC) Vitamin Study Research Group pub-
lished a large, multicenter randomized clinical trial dem-
onstrating that 4 mg of folic acid supplementation begin-
ning prior to conception decreased the risk of recurrent 
NTD by 71%, equivalent to a 3.5-fold protective effect. 
The findings from this study were considered definitive 
in supporting high-dose folic acid supplementation 
among women at increased risk for an NTD; however, the 
4-mg dose was the only dose administered in the trial [8]. 
The MRC’s rationale for selecting this high dose was 
based on the findings of Laurence et al. [7] and also con-
cern that if lower doses were selected, and findings were 
inconclusive, then they might not have had the opportu-
nity to repeat the study with a higher dose [8].

In 1991, in response to the impressive findings of the 
MRC study and smaller studies [9–12], the Centers for 
Disease Control and Prevention (CDC) recommended 
that women with a previous pregnancy complicated by 
NTD should take a daily 4-mg supplement of folic acid 
prior to future pregnancies [13]. Given that 4 mg of folic 
acid is 20 times the recommended daily allowance (RDA) 
for nonpregnant women and other studies had found 
protective benefits using smaller doses of folic acid, an 
editorial note in 1991 stated that the 4-mg dose was “an 
interim recommendation, pending further research” 
[13]. Yet, nearly 30 years later, the recommendation re-
mains. Currently, there are extremely limited data re-
garding the efficacy of folic acid supplementation above 
∼1 mg in the prevention of NTDs, particularly among 
high-risk women. Among women who are not consid-
ered high risk, doses of 400 to 800 µg folic acid have con-
sistently been shown to effectively reduce the risk of 
NTDs [5, 14–16], and doses above 1 mg do not provide 
any additional protective effect (Table 1) [15–17].

Folic Acid Metabolism Suggests 4 mg Is Too Much

Humans cannot make folate and must obtain it 
through dietary or supplemental sources. Though some-
times used interchangeably, folate and folic acid are not 
synonymous. Folate is a water-soluble B vitamin (vitamin 
B9) that naturally occurs in foods, such as legumes, citrus, 
and green leafy vegetables. Folic acid is the synthetic, ox-
idized form of the vitamin used in supplements and forti-
fied foods. The bioavailability of folic acid and folate dif-
fers greatly. Folic acid, which is already in an active mono-
glutamate form, is almost completely bioavailable, 
especially when administered on an empty stomach. Food 
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folate is present in a polyglutamate form and must be di-
gested to monoglutamates prior to absorption, resulting 
in ∼50% bioavailability. Micronutrient deficiencies (i.e., 
zinc), combinations of foods being consumed in the meal 
(i.e., alcohol or vitamin C-rich foods), and food prepara-
tion methods (i.e., raw versus cooked or processed) can 
also influence food folate digestion and absorption [18].

Folate-binding proteins and tubular re-absorption 
mechanisms within the kidneys, as well as the small intes-
tine, retain needed folate and prevent losses. Excretion of 
excess folate occurs mainly through urine in the form of 
folate catabolites [18]. When folic acid supplementation 
is excessive, unmetabolized folic acid can also accumulate 
in the serum. The exact dose at which this happens is not 
known and may differ between individuals. Studies in 
both nonpregnant and pregnant women show that folic 
acid doses greater than ∼800–1,000 µg/day result in de-
tectable levels of unmetabolized folic acid in both mater-
nal and fetal blood samples [19, 20].

Optimal Folate Levels for Neural Tube Defect 
Prevention

Several methods, including blood and urinary bio-
markers, have been used to assess folate catabolism and 
determine sufficient folate levels for the prevention of 
NTDs during pregnancy. Red blood cell (RBC) folate 
concentrations are often used as the primary indicator of 

adequate folate since they are correlated with liver and 
tissue folate stores, reflecting the previous 2–3 months’ 
intakes. Though serum and plasma folate levels are used, 
they are not considered ideal measurements since they 
only reflect recent intakes and can fluctuate on a daily ba-
sis. Studies that have investigated associations of NTD 
risk with RBC folate concentrations consistently show a 
substantially lower risk among women with concentra-
tions of 906 nmol/L or greater [21]. This concentration is 
recommended by the World Health Organization for 
women of reproductive age to reduce the prevalence of 
NTDs [22].

The effects of folate intake on blood and urinary excre-
tion concentrations during pregnancy have also been in-
vestigated by a series of metabolic studies [23, 24]. Preg-
nant (∼2nd trimester) and nonpregnant women were fed 
diets of 450 and 850 µg/day folic acid (provided as food 
folate and synthetic folic acid) for 12 weeks. RBC folate 
concentrations were measured, as well as levels of urinary 
folate catabolites and plasma homocysteine [23, 24]. 
Among all women, both 450 and 850 µg of folic acid re-
sulted in RBC concentrations above 906 nmol/L; mean 
RBC concentrations were 1,453 (±252) nmol/L and 1,734 
(±209) nmol/L for 450 and 850 µg, respectively. Urinary 
excretion rates of folate catabolites were also similar 
among all women. However, especially at the lower folate 
dose, pregnant women were more efficient in conserving 
folate compared to nonpregnant women. Higher rates of 
urinary excretion were observed among all women re-

Table 1. Risk of neural tube defects with folic acid supplement dosing

Publication Study Folic acid exposure Risk of NTDs

Werler et al., 
JAMA, 1993 [16]

Case-control study of 3,051 women 
in US and Canada <0.4 mg 

0.4 mg 
0.5–0.9 mg 

≥1 mg

RR (95% CI) 
0.5 (0.2–1.5) 
0.3 (0.1–0.6) 
0.9 (0.2–4.2) 
0.4 (0.1–1.3)

Shaw et al., 
Epidemiology, 1995 
[15]

Case-control study of 1,077 women 
in California Any dose 

<0.4 mg 
0.4–0.9 mg 

≥1 mg

OR (95% CI) 
0.60 (0.46–0.79) 
0.99 (0.56–1.80) 
0.54 (0.31–0.72) 
0.92 (0.54–1.60)

Moore et al., 
Epidemiology, 2003 
[17]

Prospective cohort of 
23,228 women in northeastern US 1–399 DFE 

400–799 DFE 
≥800 DFE

RR (95% CI)  
0.29 (0.07–1.2) 
0.41 (0.10–1.7) 
0.56 (0.24–1.3)

RR, relative risk; CI, confidence interval; OR, odds ratio; DFE, dietary folate equivalents.



Dolin/Deierlein/EvansFetal Diagn Ther 2018;44:161–165164
DOI: 10.1159/000491786

ceiving 850 µg versus 450 µg, suggesting that saturation 
levels of folate reabsorption from the proximal tubular 
cells had been reached. Additionally, plasma homocyste-
ine concentrations (high plasma homocysteine concen-
trations indicate low folate levels) were even lower in 
pregnant compared to nonpregnant women but did not 
differ by level of folate supplementation. This observation 
suggests that both 450 and 850 µg/day of folate met, or 
even exceeded, the dose necessary to maintain plasma ho-
mocysteine levels [23].

Potential Toxicity of Folate/Folic Acid

The United States Department of Agriculture (USDA) 
publishes dietary reference intakes for nutrients, includ-
ing RDAs and tolerable upper intake levels (UL). The 
RDA of folate for women who are capable of pregnancy 
is 400 µg from supplements and/or fortified foods, in ad-
dition to the consumption of a varied diet containing 
food folate [25]. The RDA of folate during pregnancy is 
600 µg [25]. The USDA defines the UL as “the highest 
level of daily nutrient intake that is likely to pose no risk 
of adverse health effects to almost all individuals in the 
general population” [25]. A concern about excessive fo-
late is the potential to mask and exacerbate neuropathy in 
those with vitamin B12 deficiency [25]. Based on this risk, 
the UL of folate during pregnancy is 1 mg from supple-
ments/fortified foods for women 19 years and older [25]. 
The UL is 800 µg /day for women 14–18 years old [25].

There is limited and inconsistent evidence to deter-
mine the adverse effects of high levels of folic acid supple-
mentation for the mother or the fetus. Observational 
studies have reported increased risk of cleft palates, spon-
taneous abortion, impaired psychomotor development, 
and childhood respiratory issues with the use of high dos-
es of folic acid [26]. Intakes of 800 µg to 5 mg of folic acid 
from supplements have been associated with an increased 
risk of cancer development and mortality [27].

Food fortification may substantially contribute to 
women’s folate intakes and may already be providing ad-
equate folic acid to prevent NTD [5]. In a recent analysis 
of reproductive-aged women (12–49 years) participating 
in NHANES 2007–2012, more than three-quarters had 
optimal RBC folate concentrations of ≥906 nmol/L. The 
mean RBC folate concentrations were higher among 
those women who reported taking supplements com-
pared to those who did not; however, even among non-
supplement users, mean concentrations were > 900 
nmol/L [28].

Conclusions and Recommendations

The recommendation of a daily 4-mg dose of folic acid 
to prevent recurrent NTDs was arbitrary and unjustified 
25 years ago, but has continued as “dogma” even in recent 
literature [1]. There is currently no reliable evidence that 
it is more effective than 1 mg, or even less, in preventing 
primary and recurrent NTDs, particularly in the setting 
of food fortification. Given the (1) decreased absorption 
rates of high doses of folic acid, (2) concern of potential 
adverse health effects of high doses, and (3) the increased 
cost of supplements, it is time to reconsider the 4-mg dose 
recommendation.

Consideration should be made to changing the clinical 
protocol used to treat women at risk for recurrent NTD 
to reflect a woman’s individual physiological need for fo-
late based on her folate status. Currently, high-dose folic 
acid supplements are prescribed to all at-risk women, 
without assessment of their folate status. We propose that 
clinicians measure RBC folate concentrations as part of 
routine pre-conceptional care and prescribe the neces-
sary level of folic acid supplementation (up to 1.0 mg) ac-
cording to a woman’s individual needs, with the goal of 
achieving optimal folate concentrations for the preven-
tion of NTD. This could be done without any additional 
information regarding folate/folic acid intakes, genetic 
variability in folate metabolism (i.e., MTHFR genotype), 
or other factors associated with high risk of NTD [21]. 
However, for the majority of pregnancies which are un-
planned given the adequate levels of folic acid document-
ed in the vast majority of women, the same 400–800 µg 
daily dose would seem sufficient even for recurrent risk 
cases. While clinical trials to reevaluate the dose of folic 
acid needed to prevent recurrent NTD in the era of food 
fortification would be ideal, they are unlikely to be per-
formed. Thus, practitioners need guidance as to how to 
manage such patients today. Our review of the evidence 
suggests that is reasonable to use the much more readily 
available lower doses of folic acid.
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