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Abstract

Folate, or vitamin B9, is essential for preventing neural tube defects 
(NTDs), including myelomeningocele, through its major role in DNA 
synthesis. This review discusses biochemical, epidemiological and 
policy evidence to examine the molecular mechanisms underpinning 
folate’s protective effects, and the effectiveness of public health 
measures such as supplementation and food fortification. These 
efforts are vital for informing clinical strategies and public health 
initiatives aimed at reducing the global burden of NTDs, including 
myelomeningocele.

Abbreviations

NTDs- neural tube defects
RCTs- randomised controlled trials 
SAM- S-adenosylmethionine
THF-tetrahydrofolate

Introduction

Neural tube defects (NTDs) are serious congenital malformations 
and impose a significant healthcare burden globally. Among these, 
myelomeningocele is a common and severe form. Folate, also known 
as vitamin B9, plays a crucial role in preventing NTDs, particularly 
myelomeningocele. It is vital for DNA synthesis, methylation and 
homocysteine regulation—processes that are essential for proper 

neural tube formation. This article covers the current evidence on the 
role of folate in preventing myelomeningocele. Research indicates 
that approximately 8 out of 10 cases of NTDs can be preventable 
through adequate folate intake, underscoring the importance 
of understanding its molecular mechanisms and implementing 
effective preventive interventions.1

Although this review focuses on myelomeningocele, the 
molecular pathways by which folate acts are shared across all 
NTDs. Consequently, evidence from studies of NTDs in general is 
directly relevant to myelomeningocele. The specific emphasis on 
myelomeningocele reflects not only its prevalence but also its clinical 
severity within the broader spectrum of NTDs. This article, therefore, 
examines folate’s protective mechanisms, considers the role of 
related nutrients, and evaluates current public health strategies, 
including supplementation and food fortification, in reducing the 
incidence of NTDs such as myelomeningocele. 

What is myelomeningocele?

Myelomeningocele, the most severe form of spina bifida, is a 
congenital birth defect characterised by incomplete closure of the 
spine and spinal canal during foetal development. This condition 
results in a fluid-filled sac protruding from the baby's back, containing 
part of the spinal cord and nerves.2 This usually occurs in the lower 
spine with symptoms such as weakness or paralysis in the legs, loss 
of sensation, bladder and bowel problems, hydrocephalus (excess 
fluid in the brain), and learning difficulties. While the exact cause is 
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unknown, genetic and environmental factors, including insufficient 
folic acid during pregnancy, are believed to play a key role.3 

In the UK, recent data highlights the concerning prevalence of NTDs, 
including myelomeningocele. A comprehensive study (2000–2019) 
found an overall rate of 12.5 per 10,000 births in England, rising 
from 12.1 (2010–2014) to 13.6 (2015–2019); myelomeningocele 
comprised 46.8% of all the cases.4 These statistics highlight the 
need for continued research and prevention strategies for reducing 
myelomeningocele’s prevalence.

Figure 1. Total birth prevalence of spina bifida between 2015 
and 2019 for established and new regions of the National 
Congenital Anomaly and Rare Disease Registration Service. 
Figure reproduced from Broughan et al, with thanks.4

The data in Figure 1 reveal a slightly increasing trend in prevalence 
across the years for both groups, with minor fluctuations. The 
95% confidence intervals illustrate statistical consistency but 
also underscores the need for further research into the molecular 
mechanisms through which folate reduces risk, such as its role in 
DNA synthesis, repair and epigenetic regulation.

The UK’s plan to fortify non-wholemeal wheat flour with 250 µg of 
folic acid per 100 g by 2026 aims to cut NTD rates by 20%, saving 
the NHS £20 million and delivering £90 million in economic benefits.5 
The strategy aims to prevent NTDs effectively by integrating public 
health and economic goals, drawing on successful programmes in 
Australia and New Zealand.6

What is vitamin B9?

Vitamin B9, commonly known as folate or folic acid, is a water-
soluble B-group vitamin essential for numerous critical physiological 
processes. The naturally occurring form found in foodstuffs is folate, 
whilst folic acid is the synthetic version used in dietary supplements 
and food fortification. This vital nutrient plays a pivotal role in 
cellular metabolism, supporting fundamental biological functions 
including DNA synthesis, cell division and red blood cell formation.7 
During pregnancy, folate is particularly crucial as it helps prevent 
NTDs, including myelomeningocele, in the developing foetus. The 
recommended daily intake for adults is up to 400 µg, while pregnant 
women and those planning conception are advised to consume 
higher doses.8 Dietary sources rich in folate include verdant leafy 
vegetables, legumes, nuts and certain fruits such as oranges and 
strawberries.9 

Vitamin B9 and its association with 
myelomeningocele

Folate plays a crucial role in nucleotide synthesis and DNA function. 
It acts as a coenzyme in these processes essential for proper cell 

division and growth. During embryonic development, particularly in 
the neural tube formation, rapid cell division occurs. Adequate folate 
levels ensure that these processes can proceed normally.7

Folate is also integral to one-carbon metabolism. One-carbon 
metabolism is a series of biochemical reactions in the body that 
involve the transfer of one-carbon units such as methyl, formyl or 
methylene groups, between molecules. Folate, primarily in the form 
of tetrahydrofolate (THF), serves as a universal one-carbon acceptor 
and donor.10 

It is essential for the synthesis of S-adenosylmethionine (SAM), a key 
methyl donor involved in DNA methylation, which is crucial for gene 
expression regulation and neural tube closure during embryogenesis. 
Folate deficiencies can disrupt these processes, increasing the risk of 
NTDs.11

Research also suggests that folic acid may prevent NTDs by 
rescuing de novo thymidylate biosynthesis.11 De novo thymidylate 
biosynthesis refers to the process by which cells create thymidylate, 
an essential component of DNA, from scratch and needs folate. This 
process is crucial for DNA repair and impairment can lead to an 
increased risk of developing NTDs, including myelomeningocele.12

Molecular mechanisms

Imbard et al 2013 conducted a comprehensive literature review to 
investigate the relationship between folate, vitamin B12, and NTDs. 
The researchers collected various types of data, including nutritional 
data focused on maternal intake of key nutrients such as folate, 
vitamin B12 and choline during the periconceptional period. It is a 
critical period in women that includes oocyte growth, fertilisation, 
conceptus formation and early embryonic development up to week 
10 of gestation.13

The researchers referenced epidemiological studies linking maternal 
folate and vitamin B12 levels to NTD prevalence. Their findings 
demonstrate that folic acid supplementation significantly reduces 
NTD risk while emphasising the roles of vitamin B12 and choline. 
Low vitamin B12 and high homocysteine levels are associated 
with an increased risk of NTDs, as homocysteine contributes to 
oxidative stress and endothelial dysfunction, impairing neural tube 
development.11 Adequate folate levels help regulate homocysteine 
metabolism, further reducing NTD risk.

A strength of the study is its comprehensive overview of the 
relationship between folate and other key nutrients, integrating 
findings from multiple studies. It highlights the importance 
of public health initiatives to increase folic acid intake among 
women of childbearing age. The research combines insights from 
genetics, biochemistry and public health, offering a multifaceted 
perspective. The methodology ensured thorough data collection 
through participant retention during pregnancy, likely using either 
longitudinal or cross-sectional designs.

However, while the review discusses associations, it notes that animal 
studies have not sufficiently clarified the metabolic and genomic 
mechanisms underlying human folic acid responsiveness. The studies 
referenced may vary in design, population, and methodology, which 
can complicate the interpretation of results and their generalisability. 
Interventions

Wald (2022) conducted a comprehensive review of existing literature 
on folic acid and its role in preventing NTDs, including historical 
studies and randomised controlled trials (RCTs). Wald also analysed 
the effectiveness of current public health policies on folic acid 
fortification and their impact on NTD rates. The research compared 
outcomes from countries with and without fortification, assessing 
the effectiveness of different approaches.1 

The study concludes that the proposed UK policy is expected to 
prevent only about 10% of NTD cases, which is insufficient. The 
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research advocates for a more robust fortification strategy that could 
prevent up to 80% of NTDs, suggesting that fortifying staple foods 
like flour and rice is essential.1

The study’s postscript highlights this further by referencing the UK 
MRC Vitamin Study, which demonstrated an 83% reduction in NTD 
risk with a daily intake of 4 mg of folic acid,14 it advocates for fortifying 
flour with 1 mg of folic acid per 100 g to achieve optimal serum folate 
levels (44 ng/ml).15 This consistent intake of fortified foods addresses 
public health challenges more effectively than intermittent 
supplementation. By monitoring serum folate, interventions 
can be tailored, enhancing understanding of folate's molecular 
mechanisms in neural development and reducing the incidence of 
myelomeningocele globally.

A strength of the study is its use of a robust set of data collection 
methods. It includes health outcomes data from national databases 
to track NTD incidence before and after fortification policies were 
implemented. Additionally, dietary intake was assessed through food 
frequency questionnaires and national dietary surveys to evaluate 
changes in folic acid consumption.

However, the effectiveness of folate fortification varies depending 
on local diets and food supply chains, which the study may not fully 
address. Confounding variables, such as genetic predispositions and 
environmental influences on NTDs, remain insufficiently explored. 

Conclusion

Overall, folate is essential for preventing myelomeningocele due 
to its crucial role in DNA methylation, homocysteine metabolism, 
and genetic interactions. While these mechanisms help explain its 
protective effects, the exact process is likely complex, involving both 
genetic and environmental factors. 

Mandatory folic acid fortification of staple foods has been 
significantly shown to reduce the incidence of NTDs. Countries that 
have implemented such policies have observed substantial declines 
in spina bifida cases, reinforcing the need for widespread fortification 
to ensure populations at risk receive sufficient folate. Hence, the UK’s 
plan to fortify non-wholemeal wheat flour with 250 µg of folic acid 
per 100 g by 2026 may not be enough. Increasing the fortification 
level of non-wholemeal wheat flour from 250 µg to at least 400 µg 
can enhance its effectiveness.

However, as the exact cause of myelomeningocele remains unknown, 
fortification should be approached with caution to prevent potential 
toxicity. Further research into its metabolic pathways can help 
develop more effective prevention strategies, ultimately improving 
health outcomes for affected children. Additionally, the NHS’ 
economic burden can be reduced, by focusing on the prevention of 
myelomeningocele rather than its treatment. 
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