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Abstract  

Background: Neural tube defects (NTDs) are 

important human birth defects with a prevalence 

of about 1/1000 pregnancies; some of them are 

incompatible with life, such as anencephaly. 

Spina bifida or meningocele, are responsible for 

childhood mortality and severe disabilities, 

without considering the significant effects on 

families, and on health care systems. 

Aim: The aim of this study is to report the current 

state of knowledge on the role of folic acid in 

neural tube defects. 

Methods: We conducted a review to report all the 

up-to-date knowledge on the role of folic acid in 

NTDs prevention.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Results: The etiology of NTDs is complex and 

multifactorial, however, the relevance of folic 

acid (FA) in the prevention of many NTDs has 

been universally accepted. FA supplementation 

(0.4-0.8 mg/daily) is greatly recommended for 

child-bearing age women, starting from the 

periconceptional period, considering that the 

critical period for the development of the 

embryonic nervous system is represented by the 

early weeks of pregnancy. Unfortunately, only a 

small percentage of women follow these 

recommendations and, for this reason, several 

nations have introduced a mandatory grain 

fortification policy to assure an optimal folate 
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status and, as a consequence, a significant NTDs 

prevention. 

Conclusion: However, further studies are 

requested to identify potential health risks 

associated to higher circulating FA 

concentrations. 
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INTRODUCTION 

Neural tube defects (NTDs), the second most 

common congenital defects, include congenital 

malformations of the central nervous system 

(CNS) occurring during early embryogenesis (1). 

Some of them, such as anencephaly are 

incompatible with life after birth. Spina bifida, 

encephalocele, myelomeningocele, are in any 

case responsible for childhood mortality, or 

severe health problems and disabilities, without 

considering the significant effects on  patients 

and their families, as well as on the health care 

systems (2). 

The prevalence of NTDs is about 0.5-1/1000 

pregnancies in western countries (3), but in 

Northern China, India, and in low- and middle- 

income countries is 3-4 fold higher (4). The 

pathogenesis of NTDs is based on the failure of 

the neural plate closure to form the neural tube, 

normally occurring in the early weeks of 

pregnancy (5). The critical gestational periods for 

anencephaly and spina bifida are the 35th and the 

42nd gestational days respectively (6). In 

addition, depending on the level and on the grade 

of the defective closure, several clinical pictures 

are possible. The aim of this review is to report 

the current state of knowledge on the role of folic 

acid in neural tube defects.  

 

METHODS 

Study Design 

We conducted a review to report all the up-to-

date knowledge on the role of folic acid in NTDs 

prevention.   

Literature search 

We searched in PubMed, Scopus, Medline, 

Embase databases using the following key words:  

“Folic acid and neural tube defects”; “Folic acid 

and NTD”; “Folate and neural tube defects”; 

“Folate and neural tube closure”; “Folate and 

preventing neural tube defects”; “Folate 

metabolism and neural tube defects”, to identify 

all studies that indicated the association between 

FA and NTDs. After data extraction we reviewed 

the titles and the respective abstracts for all 

records. All authors independently reviewed the 

full texts to further assess if the selected studies 

fulfilled the eligibility criteria, verifying the 

results and removing duplicates. No 

disagreements were noted between the authors. 

Inclusion and exclusion criteria 

The eligibility criteria for inclusion were: All 

original studies (case control, or cohort studies), 

randomized controlled trials (RCTs), reviews, 

systematic reviews, opinions, reporting the 

implication of folic acid in NTDs prevention. The 

literature search was not restricted by the year of 

publication. Exclusion criteria comprised studies 

reporting only NTDs prevention, without 

mention of folic acid supplementation role in 

NTDs. We excluded studies published in any 

other language rather than English. 

 

RESULTS 

The etiology of NTDs is complex and 

multifactorial, likely resulting from the 

interactions between genetic and environmental 

factors (7). Genetic studies have focused on 
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several genes related to folate one carbon 

metabolism such as methylenetetrahydrofolate 

reductase (MTHFR), methionine synthase (MS), 

methylenetetrahydrofolate dehydrogenase 

(MTHFD1), reduced folate carrier (RFC1). The 

polymorphism C677T of MTHFR gene, 

characterized by a thermolability dependent 

reduced enzyme activity, is usually associated 

with lower concentrations of folic acid (8,9), and 

has been associated with higher frequency of 

NTDs, especially in some populations such as 

Irish (10).  G1958A polymorphism of MTHFD1 

gene is also associated with an enhanced risk of 

NTDs, because of a failure in purine synthesis. 

Moreover, MTR A2756G (11), and the RFC1 

A80G polymorphisms are also considered as risk 

factors for NTDs. 

Among the environmental factors, folate 

deficiency has been considered as the main risk 

factor for NTDs(12). Folate supplementation in 

the periconceptional period, and during the first 

trimester of pregnancy has in fact proved to 

reduce the risk of NTDs, as well as of other 

adverse outcomes of pregnancy, such as health 

defects, preterm delivery, and fetal growth 

retardation (13). This effect is attributed to its 

involvement as a cofactor in nucleic acid 

synthesis and methylation, through the main 

methylating product S-adenosylmethionine 

(SAM), in the one-carbon metabolism. Moreover, 

following its involvement in one-carbon transfer 

reactions, folate can influence epigenetics, amino 

acid homeostasis, and redox defense (14). 

Folate, poly-glutamic 5-methyl-tetrahydrofolate 

(THF), is a water-soluble B vitamin (B9), highly 

unstable, not synthesizable by animal organism 

and naturally present in a variety of foods such as 

leafy green vegetables, fruits, legumes and liver. 

The predominant form of folate in plasma is 5-

methyl-THF. A synthetic form of folate is 

represented by folic acid (FA) that is more stable 

and has a bioavailability about 70% higher than 

that of the natural form (15). FA is normally 

present in supplements, multivitamin products 

and fortified foods. Folic acid is reduced to 

5,6,7,8—THF and methylated at intestinal level 

by dihydrofolate reductase (DHFR). The efficacy 

of folate in one-carbon metabolism reactions, is 

strictly dependent on its interaction with vitamin 

B12 and vitamin B6. 

Preconception and prenatal maternal lifestyle, 

inadequate nutrition, diabetes mellitus, obesity, 

smoking and drugs interfering with folate 

metabolism are other relevant risk factors for 

NTDs. 

With regard to the complex etiology of NTDs, the 

epigenetic modifications, both structural and 

functional usually occurring in the 

periconceptional period are considered as other 

potential mediators in the onset of NTDs (16). An 

increased risk for NTDs could in fact derive from 

a combined effect of inherited genes with several 

environmental factors. Inadequate maternal 

folate status, as well as that of other methyl 

donors involved in one-carbon metabolism such 

as choline and methionine, could impair 

methylation of cytosine in DNA,  influencing 
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gene expression without altering the DNA 

sequence. DNA methylation is in fact tightly 

dependent on the availability of methyl donors 

through SAM, folate and other B vitamin. 

Although it has been widely proved that FA 

supplementation can prevent many NTDs 

through the epigenetic regulation, the exact 

mechanism is not completely clarified. The same 

folate dependent altered DNA methylation has 

been recently reported as a risk factor for other 

neurodevelopmental disorders such as Autism 

spectrum disorders (ASDs), likely as a 

consequence of an impaired neurotransmitters 

synthesis(17). 

A field of great debate among experts is the most 

efficient FA dose for the prevention of NTDs. 

Two interesting intervention trials tested two 

different dosages and formulations of FA; in the 

first, the Hungarian randomized controlled trial, 

the women were supplied with a micronutrient 

combination, a multivitamin containing 0.8 mg 

FA.  The results showed a prevention of 90% of 

the first occurrence of NTDs (18). The second 

study that used 0.4 mg FA, showed a reduction of 

about 79% in the risk of NTDs (19).  

The relevance of folate in the etiology of NTDs 

(20,21) brought to the recommendation of 0.4-0.8 

mg FA daily intake to women of childbearing 

age, whereas 4 mg daily of FA supplementation 

was indicated to prevent NTDs recurrence 

(22).The body folate status is usually evaluated 

through folate measurements in serum samples, 

reflecting recent intakes of folate, and/or in red 

blood cells (RBC), which is more reliable 

because it indicates the long-term status, deriving 

from the measurement of folate stores in tissues. 

In order to warrant an optimal protection against 

NTDs, the optimal folate RBC concentration is 

906 nM according to the results obtained in 1995 

by Daly et al.(23), versus1500 nM suggested by 

Crider et al. (24). However, these RBC 

concentrations might be reached in a very long 

interval (25). Nevertheless, higher RBC folate 

concentrations did not seem to have additional 

benefits (26). Moreover, a large debate has been 

going on for years about the correct maternal 

dosage to reach an optimal prevention. As 

interestingly observed by Chitayat et al., (27), the 

pharmacokinetic and pharmacodynamic factors 

can significantly influence the dosage of FA 

supplementation necessary to obtain an optimal 

folate status. FA dosage might be different on the 

basis of personal or clinical conditions, partly 

confirming the observations of Wald et al., who 

observed that not always it’s possible to reach 

RBC folate concentration of 906 nM with 0.4 or 

0.8 mg of daily folate supplementation (28). 

However, other conditions can make it difficult to 

reach an optimal folate status when it is most 

needed: in case of unplanned pregnancy (about 

50% of pregnancies), maternal folate status may 

not have been correctly supplemented in the 

periconceptional period, or women could be less 

motivated to take folic acid. In the presence of 

some genetic polymorphism, such as the MTHFR 

677C-T variant, an adequate folate intake it’s 

crucial to compensate for an impaired one carbon 

metabolism (29). The dietary folate intake, 
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characterized by few vegetables and fruit, might 

be very low, and the compliance with folate 

supplementation is often inadequate, or not 

observed. Interestingly, this aspect seems to be 

more frequent in rural areas (30) and in low 

educational level population. 

In 1998 the US Government established the 

mandatory fortification of enriched cereal grain 

products with 140 mg of FA per 100 g (31), with 

the aim to reach a more adequate NTDs 

prevention. This fortification policy has been 

adopted in subsequent years by several countries. 

A significant fall in NTDs prevalence was 

reached between pre-fortification and post-

fortification,  10.7/10000 pregnancies versus 

7/10000 pregnancies respectively in USA, and 

15.8/10000 versus 8.6/10000 in Canada (32).  

Some authors  consider the extension of the 

fortification policy to the European countries 

other than Kosovo and Moldova, as an effective 

opportunity to dramatically reduce the prevalence 

of NTDs compared to the minimal FA 

supplementation (33,34,35,36). In addition, 

according to Mills et al., the mandatory FA 

fortification would help in reducing folate 

deficiency in the general population as observed 

in US after fortification: the folate deficiency 

dropped from 3.5% to <1%. 

Other authors don’t agree on this point, 

emphasizing the potential risk connected to 

higher dosages of FA such as worsening of 

neurological symptoms (37), cognitive decline, 

and cancer especially in older subjects (38), even 

if a recent metanalysis by Vollset et al. didn’t find 

an enhanced rate of bowel cancer after FA 

supplementation (39). 

However, the mandatory FA fortification, in 

addition to a recommended voluntary 

supplementation with FA, and to a richer diet in 

vegetables and fruit, especially in case of 

pregnancy, doesn’t exclude a possible higher 

maternal folate concentration. An interesting 

debate is growing in regard to the potential risk 

following the higher FA intake pre or during 

pregnancy and due to the presence of circulating 

unmetabolized FA (UMFA), not only for NTDs, 

but also for other neurological disorders (40). The 

excess of FA circulating in the plasma, until its 

removal through the kidneys, results from the low 

activity of DHFR usually present in humans, 

which might further inhibit the enzyme 

DHFR(41).Different authors could speculate that 

high concentrations of UMFA could lead to a 

lower 5-MTHF concentration in the cell, an 

impaired transformation to methionine, and an 

altered methylation process. 

High concentrations of UMFA can derive not 

only from higher maternal FA intake, but also 

from an impaired one carbon metabolism, with or 

without vitamin B12 involvement (42). 

Some possible detrimental effects of UMFA have 

been observed and include reduced cytotoxicity 

of natural killer cells in animal studies (43), 

neurological and cognitive disorders (44), and 

cancer. 

UMFA, however, is not usually present in serum 

when supplementation is not exceeding 

400ug/day (45). 
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DISCUSSION 

NTDs represent common congenital anomalies, 

whose prevalence shows geographical and socio-

economic variations, strictly associated with high 

rate of mortality, or severe disability (46,47). 

Currently, the exact causative mechanisms of 

NTDs are not fully understood, but it’s however 

confirmed their multifactorial origin. Low 

educational level, socioeconomic factors, 

unhealthy lifestyle, antifolate therapies, in 

addition to genetic predisposition can be 

responsible for an inadequate maternal folate 

status. 

Starting from the preliminary observations of 

Smithells et al. (20), according to which NTDs 

could be strictly connected to an undernutrition 

status, many studies have reported for decades the 

importance of folate supplementation in NTDs 

prevention(16,22,48). 

The beneficial effects that maternal 

supplementation with FA plays in the prevention 

of NTDs in the periconceptional period is likely 

depending on the control of epigenetic 

modifications and on the regulation of cell 

proliferation (25), considering the relevant role 

that folate plays in the biochemical pathways of 

the one carbon metabolism to provide methyl 

groups for methylation. 

Although the incidence of these birth defects is 

significantly decreased in the past decades as a 

consequence of a better nutrition and ultrasound 

screening (49), in low- and middle-income 

countries it still remains high.  

The prenatal diagnosis of NTDs through 

ultrasound screening, often leading to an elective 

termination of  pregnancy, has significantly 

contributed towards an essential reduction of the 

prevalence of these birth defects, but probably, 

the ethical and psychological consequences of 

this dramatic resolution, are not always deeply 

evaluated. 

However, notwithstanding the frequent health 

policies campaigns to recommend voluntary 

periconceptional supplementation with FA (0.4 

mg), or FA (0.8 mg)daily (50,51), the rate of 

women of childbearing age adhering to this 

recommendation is still too low. On the other 

side, conflicting opinions about the beneficial and 

detrimental effects of the mandatory FA 

fortification of grain products hinder its universal 

diffusion (52,53). 

In some countries it has been suggested a 

voluntary FA supplementation in addition to the 

consumption of natural folate richer diet, but 

these recommendations didn’t prove to be able to 

reduce NTDs prevalence, leaving a significant 

part of childbearing age women unprotected, as 

shown by low serum and RBC folate 

concentrations(54, 55). In addition, the double 

fortification of salt with folic acid and iodine is a 

new pathway to guarantee total population 

coverage (56). 

Of note, the main strength of this paper is that the 

main findings reported in the results section are 

based in a very large number of studies carried 

out in statistically significant study samples, and 

in different nations. Despite the language 
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“criteria” limitation of this study, which included 

studies published only in English, the study 

findings are not influenced considering the very 

high number of articles analyzed. 

 

CONCLUSION 

FA supplementation, might not always be 

effective in preventing NTDs, probably because 

of a FA resistance in some cases (57,58). The 

multifactorial origin of NTDs could require a 

more complex preventive approach. In addition, 

low circulating levels of vitamin B12 have been 

associated with an enhanced risk of NTDs, hence 

an integrated supplementation of FA and vitamin 

B12 could be beneficial to prevent a significant 

number of NTDs (59). However, a recent study 

reported that folic acid does not have a masking 

effect in vitamin B12 deficiency anemia (60). 

Despite mandatory flour fortification remains the 

most efficient solution to assure prevention for 

NTDs to a large number of childbearing age 

women, especially to those in critical socio-

economic conditions, further studies are 

necessary to clarify the potential detrimental 

effects of a generalized supplementation with FA. 
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