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Abstract
Background Neural tube defects continue to be one of the main congenital malformations affecting the development of the 
nervous system and a significant cause of disability and disease burden to individuals living with these conditions. Manda-
tory food fortification with folic acid is, by far, one of the most efficacious, safe, and cost-effective interventions to prevent 
neural tube defects. However, most countries fail to effectively fortify staple foods with folic acid, impacting public health 
and healthcare systems and generating dismal disparities.
Aim This article discusses the main barriers and facilitators for implementing mandatory food fortification as an evidence-
based policy to prevent neural tube defects worldwide.
Methods A comprehensive review of the scientific literature allowed the identification of the determinant factors acting 
as barriers or facilitators for the reach, adoption, implementation, and scaling up of mandatory food fortification with folic 
acid as an evidence-based policy.
Results We identified eight barriers and seven facilitators as determinant factors for food fortification policies. The identified 
factors were classified as individual, contextual, and external, inspired by the Consolidated Framework for Implementation 
of Research (CFIR). We discuss mechanisms to overcome obstacles and seize the opportunities to approach this public health 
intervention safely and effectively.
Conclusions Several determinant factors acting as barriers or facilitators influence the implementation of mandatory food 
fortification as an evidence-based policy worldwide. Notoriously, policymakers in many countries may lack knowledge of 
the benefits of scaling up their policies to prevent folic acid-sensitive neural tube defects, improve the health status of their 
communities, and promote the protection of many children from these disabling but preventable conditions. Not address-
ing this problem negatively affects four levels: public health, society, family, and individuals. Science-driven advocacy and 
partnerships with essential stakeholders can help overcome the barriers and leverage the facilitators for safe and effective 
food fortification.

Keywords Neural tube defects · Spina bifida · Anencephaly · Mandatory folate fortification · Determinant factors · 
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Introduction

Thousands of children can be saved from being born with 
a neural tube defect (NTD). NTDs are a set of severe con-
genital malformations of the central nervous system due to 
an absent, incomplete, or impaired closure of the neural tube 
in the embryonic stage, leading to significant neurological 

deficits, disability, and related complications in patients 
affected with these conditions [1]. NTDs constitute a sub-
stantial cause of pregnancy termination, stillbirths, mortal-
ity, morbidity, and long-term disability.

Annually, up to three of every 1000 children can be born 
with an NTD, including anencephaly or spina bifida, with a 
global estimated rate of 300,000 new cases per year world-
wide [2, 3]. In more than 70% of the cases, the cause is a 
maternal folic acid deficiency or insufficiency [4]. Although 
other risk factors have been identified, including gestational 
diabetes, genetic abnormalities, and teratogenic exposure to 
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medications and other physical or chemical agents [5], folic 
acid-sensitive NTDs continue to be, by far, one of the main 
preventable congenital malformations. Despite substantial 
efforts to understand the genetics, pathophysiology, and sur-
gical treatment of NTDs, the natural history of these condi-
tions continues to exhibit high morbidity and marked impair-
ment of the quality of life of affected patients [6].

Except for children with lethal malformations, patients 
with NTDs can undergo successful corrective surgery after 
birth, or during the intrauterine stage, in countries with 
installed healthcare capacity to perform such procedures. 
Notwithstanding, and despite successful neurosurgical 
treatments, these patients might face different long-term 
health issues in physical, cognitive, psychological, and 
social areas, requiring additional surgeries and several 
treatments and aids during their lifetime. Furthermore, the 
calculated direct and indirect care costs for individuals 
with NTDs are enormous, which ensures profound inequi-
ties and disparities in disease burden, especially for low- 
and middle-income countries [6].

With this landscape, the ideal scenario is the primary 
prevention of NTDs. Mandatory food fortification (MFF) 
is a successful public health evidence-based policy to pre-
vent folic acid-sensitive NTDs, which has been available 
for several decades [7]. As a public health intervention, 
scientific evidence has shown that food fortification is a 
practical, safe, feasible, and cost-effective policy. It also 
decreases costs associated with healthcare and helps coun-
tries achieve their sustainable development goals [8, 9, 
11]. Despite these facts, only 92 countries worldwide have 
adopted a mandatory fortification policy for cereal grains. 
From those, only 63 countries include folic acid in their 
fortification standard, and the majority focus solely on one 
staple food, wheat flour [4, 10–12].

MFF policies prevented nearly 62,000 cases of all pre-
ventable NTDs as of 2020, accounting for only 22% of 
the NTDs that could be prevented. There are an additional 
200,000 preventable cases in more than 100 countries that 
do not implement MFF with folic acid [10–12].

The literature points to different determinant factors 
acting as barriers or facilitators for the reach, adoption, 
implementation, and scaling up of MFF with micronu-
trients, including folic acid, as an evidence-based policy. 
They comprise individual and contextual factors, internal 
or external, that may vary according to specific circum-
stances. However, there is scarce information in the litera-
ture regarding theories, models, frameworks, or knowledge 
translation interventions that address how to approach 
those factors productively.

This article discusses the main determinant factors for 
implementing mandatory food fortification policies and the 
role of neurosurgical advocacy in overcoming those barriers 

and leveraging the facilitators to effectively and successfully 
implement MFF to prevent NTDs.

Barriers

Figure 1 summarizes the main barriers to the implementa-
tion of MFF policies. Despite substantial evidence of the 
safety, efficacy, and effectiveness of MFF as a successful 
public health intervention, one of the evident barriers in the 
literature is a lack of willingness from local authorities in 
many countries to either enact regulations for this evidence-
based policy or to provide sufficient oversight to ensure that 
industry and importers follow the rules for mandatory folic 
acid fortification [6, 13]. One potential reason is the concern 
that exposure to high doses of folic acid might cause an 
increased risk of different disorders.

Higher-than-normal serum folate levels have been asso-
ciated with health issues such as cancer, asthma, cognitive 
problems, twin pregnancy, and autism [14]. Excessive folic 
acid intake may mask a vitamin B12 deficiency, potentially 
resulting in neurologic damage [13]. However, more recent 
scientific evidence does not confirm these risks [15, 16]. 
Moreover, the evidence points in the opposite direction since 
no singular study has enough level of evidence to recom-
mend against food fortification on a massive scale.

Although masking of vitamin B12 deficiency in older adults 
with macrocytic anemia has been described if they are only 
treated with folate and not folic acid [13], in modern practice, it 
is unlikely that vitamin B12 deficiency masking would happen 
[15]. The available evidence indicates that folic acid intakes of 
up to 1 mg/day, the adult upper level of intake, will not mask 
the diagnosis of vitamin B12 deficiency [15]. At the same 
time, the upper level’s relevance for younger age groups, par-
ticularly children, is unclear because vitamin B12 deficiency 
is rare in the pediatric population [13]. Moreover, Wald et al. 
and Pachon et al. have stated that there is no scientific basis 
for setting an upper level of intake for folate and proposed that 
the upper level should be eliminated since it acts as a barrier to 
large-scale fortification (Pachón et al. 2021; [16].

A rare condition causes slow processing of folates [7], 
however, it does not lead to toxic serum folate levels in indi-
viduals receiving folic acid supplements at the recommended 
doses since folic acid is a water-soluble vitamin excreted in 
the urine when it reaches excessive serum concentration. 
Although there is the potential for increased folic acid intake 
to interfere with certain medications, the available scien-
tific evidence does not demonstrate any clinically significant 
interaction with therapeutic medicines from folate intakes up 
to 1 mg/day (Choi et al. 2006).

The ambiguous role of synthetic folic acid in promoting 
subclinical cancers, mainly colorectal cancer, has led to the 
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hesitation of some countries, mainly in Europe, to introduce 
a public health intervention for MFF [17]. Nevertheless, the 
increased incidence of colorectal cancer is more attributable 
to improved screening for that type of neoplasm. Quite the 
opposite, there is evidence of a protective effect for pancre-
atic cancer with increasing dietary folate intake [18].

One study discusses folic acid fortification’s role in a 
higher risk of malaria in African countries [19]. However, 
this finding has been controversial since folic acid supple-
ments usually contain iron, whose high levels reportedly 
increase the risk of malaria,meanwhile, other studies have 
shown a protective effect of folates against that parasitic ill-
ness. The authors propose a dose-dependent effect, whereby 
intake of low doses of folic acid (which corresponds to the 
daily intake from food fortification) would have a marginal 
impact on malaria.

Another source of resistance to MFF policies is the belief 
that they limit consumers’ choice regarding opting for non-
fortified products; however, this is not the main issue in 
many low- and middle-income countries, where poverty 
remains the limiting factor to access processed foods for 
most of the population (Allen et al. 2006).

Other aspects, including perceived costs of fortification 
by the food industry, the concept that NTDs are a prob-
lem that only pertains to low and middle-income coun-
tries, and socio-political reasons, might also play a role. 
Only three countries in Europe (Moldova and Kosovo, and 
more recently, the UK) have embraced mandatory folic 
acid fortification (DEFRA 2021; [4] Global Fortification 
Data Exchange 2022), resulting in more than a thousand 

pregnancies affected by preventable spina bifida and anen-
cephaly every year in that continent [10–12]. The reasons 
for the endurance of this prevalence are multifactorial. For 
instance, a study in Italy addressed the transition in dietary 
habits affecting the Mediterranean diet, previously shown 
to be protective against NTDs, to a more “North American” 
diet as one potential cause for this phenomenon [14]. On 
the other hand, increasing migration of people from African 
countries and Eastern Europe could have also changed the 
landscape of dietary habits and access to quality food in 
some communities living in Southern Europe. Fisher et al. 
argue that folic acid supplements alone are insufficient to 
decrease the incidence of NTDs,therefore, efforts for food 
fortification, among others, are needed [14]. In 2021, the 
UK mandated adding folic acid to wheat flour, previously 
fortified with other micronutrients. However, the amount of 
folic acid is still being stipulated (DEFRA 2021).

In a global context, despite countries having existing poli-
cies for fortification of cereal grains with folic acid, most 
of them focus only on one staple (mainly wheat flour) [4], 
leaving groups of people who favor other food sources (such 
as maize flour or rice) in their diet without the benefit of 
getting folic acid-enriched products. In some regions, vul-
nerable communities do not access industrially processed, 
fortified wheat flour and derivate products [20], Marchetta 
et al. 2015; [21] and base their diet on rice, corn masa, yucca 
(cassava), teff, or quinoa for geographic, historical, cultural, 
or ethnic reasons or because those grains constitute the only 
staple. Therefore, those countries with existing policies 
can benefit from updating and scaling up MFF policies to 

Fig. 1  Critical determinant fac-
tors acting as barriers and facili-
tators to adopting mandatory 
food fortification policies. Note: 
factor classification inspired by 
the Consolidated Framework 
for Implementation of Research 
(CFIR)
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include other staples with the recommended guidelines for 
folic acid while optimizing surveillance and ensuring the 
sustainability of existing policies.

Different dietary habits rooted in local or national cul-
tures may also act as barriers leading to a low reach of MFF 
as an impactful measure to prevent NTDs. For instance, 
Mexican American women, a vulnerable immigrant popu-
lation in the USA whose offspring have a high incidence of 
NTDs, rely on non-fortified products such as corn masa as 
the main component of their traditional recipes [20]. This 
cultural practice, along with other potential factors such as 
race/ethnicity and acculturation, is associated with lower 
folate intake and low serum folate levels among women of 
reproductive age in that group [20, 22]. Hence, the fortifica-
tion of wheat flour has a weak influence on these communi-
ties since the basis of their dietary habits does not include 
wheat flour products but other non-fortified cereal grains 
such as non-fortified maize flour, a common ingredient in 
corn masa and other traditional recipes made with locally 
grown or imported grains. In that sense, studies modeling 
fortification of traditional foods like corn masa found a posi-
tive potential to selectively increase total folic acid intake 
among Mexican American women without exceeding the 
tolerable upper intake level for folic acid [21, 23].

Finally, most countries with MFF policies in place have 
systems for surveilling implementation. However, docu-
mentation of compliance with those policies, the roles and 
responsibilities between agencies, the cost of regulating for-
tification, and enforcement strategies, are often lacking [24].

Facilitators

The literature also suggests facilitators for implementing 
MFF policies, summarized in Fig. 1.

The first facilitator is the compelling evidence supporting 
that regulations that enforce mandatory folic acid fortifica-
tion of one or more grain cereals and their derivates induce 
a significant decrease in the incidence of NTDs and their 
associated morbidity and mortality (Atta et al. 2016; Garrett 
and Bailey 2018; Kancherla et al. 2014).

As an evidence-based policy, MFF is practical since it 
does not require women to change behaviors (such as taking 
supplements) to improve their periconceptional folate status 
(Martinez et al. 2018, 2021; Pachón et al. 2013). It is also 
safe, given that programs implemented in many countries 
have no adverse consequences (Field et al. 2018). MFF is 
feasible since over a hundred countries already have man-
datory fortification with micronutrients of different foods, 
including maize flour (19 countries), oil (34 countries), rice: 
(8 countries), salt (126 countries), and wheat flour (91 coun-
tries) (Global Fortification Data Exchange 2022). Besides, it 
is feasible because countries with existing industrial milling 

infrastructure can immediately fortify staple foods and pre-
vent more than 50,000 cases annually without costly invest-
ments [25]. Last, and most importantly, it is cost-effective 
because fortifying food is inexpensive and saves lives and 
millions in resources and efforts (CDC 2020b).

Supranational policies encourage local governments to 
achieve Sustainable Development Goals by 2030, including 
ending hunger and improving the population’s health status, 
as is the case for preventing NTDs [26]. On the other hand, 
private/public partnerships, adequate monitoring, and qual-
ity control are among the main components of successful 
staple food fortification programs. They might also be criti-
cal elements for the sustainability of those programs [27].

One seminal paper highlights the central role that neuro-
surgeons and organized neurosurgery can play in advocating 
for a more comprehensive, global-scale folate fortification 
to avoid the most common and severe birth congenital mal-
formation that affects the human nervous system due to their 
accumulated experience dealing with these conditions and 
their high standing in society [6]. These authors propose 
that assertive, proactive, informed advocacy for folate forti-
fication should be integral to the neurosurgical approach to 
NTDs. Furthermore, they recommend eight steps to materi-
alize this advocacy, as listed below:

1. Neurosurgeons and neurosurgical professional organiza-
tions must serve as powerful advocates for MFF with 
folic acid.

2. Forming partnerships with local and international col-
leagues to advance basic and clinical research.

3. Supporting improved registry and surveillance efforts 
on a local and global scale.

4. Advocating for increased prenatal screening of NTDs.
5. Supporting the establishment of comprehensive country-

wide centers of excellence to integrally approach NTDs 
through a combination of advocacy, international col-
laboration, and funding.

6. Working to establish and expand partnerships between 
their institutions and existing NTD centers in developing 
countries.

7. NTD advocacy organizations and organized neurosurgi-
cal groups must expand the availability of multidiscipli-
nary conferences on NTD prevention and multidiscipli-
nary management across the world.

8. International initiatives can provide country-level infor-
mation on NTD prevalence and local prevention and can 
serve as partners to effect significant change.

As key opinion leaders, neurosurgeons can act as knowl-
edge brokers to facilitate the adoption, implementation, and 
scaling up of MFF as an evidence-based policy to prevent 
NTDs. The International Society for Pediatric Neurosurgery 
(ISPN) constituted a Spina Bifida Global Taskforce with the 
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multi-national and multidisciplinary collaboration of indi-
viduals and organizations interested in the primary preven-
tion of major folic acid-sensitive NTDs. This organization 
stated that pediatric neurosurgeons are essential data-driven 
advocates for MFF policies, with the potential to spearhead 
the protection of thousands of children in all countries [28].

Overcoming barriers and leveraging 
facilitators: the role of neurosurgical advocacy

Evidence-based policies are public health actions informed 
by a consideration of the scientific evidence, but the deci-
sions made will depend on determinant factors and pre-
vailing values and priorities; therefore, this process often 
requires the interplay of advocacy, lobbying, and more com-
plex social and political negotiations than only appraising 
evidence and formulating recommendations (Rychetnik et al. 
2004). In this set, organized neurosurgery plays an essential 
role in advocating for impactful evidence-based policies.

In a scientific meeting held in Bolivia in 2006, the 
Latin American Association for Pediatric Neurosurgery 
(ASOLANPED) promulgated the Declaration of Santa Cruz. 
This document reinforced the high incidence of NTDs in 
Latin American countries as a social problem preventable by 
implementing MFF. The declaration also recommended that 
the region’s governments support this policy and consider 
approaching other factors related to NTDs in the specific 
Latin American context [29].

The liaison committee between the WHO and the World 
Federation of Neurosurgical Societies (WFNS) works to 
advance access to quality care for neurosurgical patients 
globally [30]. National and regional neurosurgical societies 
play an important role in advancing the global neurosur-
gical agenda, including ways to influence public policies 
impacting the incidence and effects of conditions that affect 
the human nervous system. In low- and middle-income 
countries, contributions include advocating for compiling 
information regarding the neurosurgical disease burden and 
accurate reporting of human health resources and may also 
include evaluation of resource-stratified interventions, poli-
cies, and equipment [30].

In 2021, the International Society for Pediatric Neurosur-
gery (ISPN) recommended that all governments enact poli-
cies for MFF with folic acid of centrally produced staples 
to provide almost all women of reproductive age who eat 
fortified foods with at least an additional 150 μg/day of folic 
acid, according to the WHO recommended guidelines [28].

Partnerships joining efforts from multiple stakeholders 
are crucial since they combine diverse expertise and per-
spectives. The Global Alliance for the Prevention of Spina 

Bifida F (GAPSBiF), a multidisciplinary coalition of neu-
rosurgeons, pediatricians, geneticists, epidemiologists, food 
scientists, and fortification policy experts, was formed to 
advocate for MFF of staple foods worldwide [31].

A recent call to action from the scientific community led 
by GAPSBiF, published in The Lancet Global Health, urges 
the World Health Assembly to pass a resolution for universal 
mandatory folic acid fortification [10–12]. Such a resolution 
can accelerate the slow pace of NTD prevention globally and 
assist countries in reaching their 2030 Sustainable Develop-
ment Goals on decreasing child mortality and promoting 
health equity.

Conclusions

Neurosurgical conditions, specifically congenital malforma-
tions of the central nervous system, are usually devastat-
ing, and their care is highly demanding in terms of costs 
and effort. However, the involvement of neurosurgeons in 
public health initiatives is scarce. Their participation, advo-
cacy, and lobbying can be impactful in promoting evidence-
based policies and integrating the neurosurgical burden into 
national health planning systems [32].

NTDs can diminish the affected individuals’ survival, 
health, and quality of life and impact families and society. 
MFF, the most effective measure to prevent NTDs, has been 
available for more than three decades, but still, more than 
one hundred countries fail to fortify food with folic acid as 
an evidence-based policy. The cost of inaction is profound 
and disproportionately impacts susceptible populations 
worldwide, with a more significant impact in low-income 
and middle-income countries.

Separate disciplines, including medicine, nutrition, pedi-
atrics, public health, and epidemiology, have identified gaps 
and opportunities for implementing strategies to adopt MFF 
as a public health intervention. However, there is a lack of 
cross-disciplinary research to move forward and include 
relevant stakeholders in the dialog, aiming to scale up this 
evidence-based policy and reach thousands of communities 
that may benefit from the intervention.

Important determinant factors acting as barriers or facili-
tators for implementing MFF as an evidence-based policy 
are evident in the literature. Furthermore, the literature 
allows inferring that policymakers in many countries may 
lack knowledge of the benefits of scaling up their policies 
for MFF to prevent folic acid-sensitive NTDs, improve the 
health status of their communities, and promote the protec-
tion of a large number of children from these disabling but 
preventable conditions. Not addressing this problem nega-
tively affects four levels: public health, society, family, and 
individuals.
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Future exploration of this problem might consider theo-
ries, models, and frameworks for materializing the role of 
neurosurgeons and neurosurgical societies and generating 
knowledge translation strategies to leverage science-driven 
advocacy. The ultimate goal is to ensure MFF’s reach, adop-
tion, implementation, scaling up, and sustainability as a 
robust evidence-based policy to prevent NTDs and promote 
a healthy start to many children’s life.
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