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July 20, 2021 marked the 30th anniversary of the publication of the landmark trial by the British Medical Research 
Council showing unequivocally that maternal intake of folic acid (vitamin B9) starting before pregnancy prevents 
most cases of infant spina bifida and anencephaly—two major neural tube defects that are severe, disabling, and 
often fatal. Mandatory food fortification with folic acid is a safe, cost-effective, and sustainable intervention to prevent 
spina bifida and anencephaly. Yet few countries implement fortification with folic acid; only a quarter of all preventable 
spina bifida and anencephaly cases worldwide are currently avoided by food fortification. We summarise scientific 
evidence supporting immediate, mandatory fortification with folic acid to prevent the development of spina bifida 
and anencephaly. We make an urgent call to action for the World Health Assembly to pass a resolution for universal 
mandatory folic acid fortification. Such a resolution could accelerate the slow pace of spina bifida and anencephaly 
prevention globally, and will assist countries to reach their 2030 Sustainable Development Goals on child mortality 
and health equity. The cost of inaction is profound, and disproportionately impacts susceptible populations in low-
income and middle-income countries.

Background
Spina bifida and anencephaly are common neural tube 
defects. Anencephaly is fatal, and open spina bifida, also 
known as myelomeningocele, is treatable but not 
curable, and is associated with an increased risk of child 
mortality. Many individuals living with spina bifida 
suffer permanent disability and chronic physical and 
psychological health complications, requiring lifelong 
surgical and medical care. Surgical care for spina bifida 
is expensive, complex, and scarce in many countries 
due to a shortage of specialised surgeons and multi­
disciplinary care teams.

An analysis published in 2018 estimated that at least 
214 000–322 000 pregnancies worldwide are affected by 
spina bifida and anencephaly annually, at an average 
prevalence of about 20 cases per 10 000 births.1 The 
burden corresponds to one in every 500 births globally. 
In low­income and middle­income countries, the 
prevalence exceeds one in every 100 births. Annually, 
about 60 000 affected pregnancies are electively 
terminated after prenatal diagnosis, and another 
60 000 result in stillbirths.1

Of the few known causes of spina bifida and 
anencephaly, the most predominant is insufficient 
concentration of folate in the mother before and during 
early pregnancy.2 Diet alone is insufficient to provide the 
recommended daily intake of folic acid, because a 
considerable amount of food folate is lost during 
food processing and cooking.3 In addition, food folate 
has poorer bioavailability than folic acid.4 Folic acid 
supplement pills are recommended along with a healthy 
diet. Folic acid is essential for the development of the 
neural tube in the first 4 weeks of pregnancy, but given 
that half of all pregnancies worldwide are unplanned,5 

most women are unaware of their pregnancies during 
this critical window and might not take the recommended 
intake of folic acid. Health­care providers can generally 
only prescribe prenatal vitamin supplements when 
the pregnancy is discovered, typically after the fourth 
completed week of gestation, at which point it is too late 
to prevent spina bifida and anencephaly. Supplement 
programmes also require sustained external funding and 
continuous educational campaigns; they typically depend 
on individual behaviours and have low adherence rates.6

The solution is to provide adequate folic acid to women 
of reproductive age in a way that is timely, effective, 
equitable, and economical; large­scale food fortification 
meets all these criteria.7

Safety and benefits of folic acid food fortification
There is strong evidence of the safety of providing folic 
acid through the fortification of staple foods.8 Contrary to 
concerns raised in the 1970s, folic acid does not mask 
anaemia caused by vitamin B12 deficiency.9 Evidence of 
potential adverse effects of circulating unmetabolised folic 
acid from supplemental folic acid is inconclusive, with no 
clear evidence pointing to adverse metabolic and clinical 
effects of high intake.10 Similarly, claims of potential risks 
related to cancer, cognitive impairment, diabetes­related 
disorders, thyroid disease, and hypersensitivity­related 
outcomes have not been validated.8 By contrast, food 
fortification with folic acid is highly effective in safely 
preventing spina bifida and anencephaly, as proven by 
multiple studies from different countries.11,12

Fortified staple foods have a wide reach. Folic acid 
consumption, achieved through fortification, would not 
be limited to people (or countries) who can afford vitamin 
supplements or receive adequate preconception or 
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prenatal care. Large­scale fortification of staples with 
folic acid has resulted in eliminating folate deficiency 
anaemia in the USA.13 By helping achieve folate 
sufficiency in women of reproductive age, fortification 
has also led to substantial reductions in spina bifida and 
anencephaly prevalence in many countries (to around 
5 per 10 000 births).11,12 Food fortification is highly cost­
effective for national economies by averting health­care 
and other indirect costs associated with spina bifida and 
anencephaly.14 A strong economic argument favours 
fortification, given that the estimated cost per death 
averted through mandatory folic acid fortification is 
US$957 and the cost per disability­adjusted life year is 
$15, similar to other recommended life­saving inter­
ventions such as rotavirus vaccines and insecticide­
treated bednets for malaria.14

Because fortification can occur through multiple staple 
foods, countries can choose to fortify common food 
vehicles (eg, wheat flour, maize flour, and rice), and 
many countries have a high potential to fortify staple 
foods (table). Adapting fortification to diverse dietary 
patterns allows its benefits to reach a large proportion of 
the population, including low­income individuals living 
in areas of high urbanisation and other susceptible 
groups, and improves global health equity. Building on 
the success of the almost universal coverage of salt 
iodisation, double fortification of salt with iodine and 
folic acid is a promising new avenue in countries lacking 
large­scale milling infrastructure for grain fortification.16 

Fortification is highly sustainable because it does not 

depend on continued external funding and pre­
established, far­reaching market distribution channels.7 
Fortification leverages the private sector’s (eg, food 
producers) already established distribution channels 
rather than stressing an often overburdened health­care 
system. Fortification also does not require complex 
delivery processes, such as the expensive cold chain 
and storage infrastructure necessary for global vaccine 
programmes.

Once fortification is implemented, health and 
economic benefits continue to accrue annually at no 
additional setup and operational expense. Multiple 
micronutrients can be added to staples to address 
nutritional deficiencies (eg, iron, folic acid, vitamin B12, 
and more) at a minimal cost increase to governments 
and food producers. Finally, by averting spina bifida and 
anencephaly, fortification is able to conserve resources 
that are otherwise devoted to the diagnosis and care of 
affected babies and individuals, including costly surgery 
and rehabilitation. Paediatric neurosurgeons treating 
spina bifida can be redirected to treat non­preventable 
neurosurgical conditions, especially in low­income and 
middle­income countries.

Current status and gaps in global fortification 
efforts
Mandatory food fortification with folic acid is an effective 
public health strategy to essentially eliminate folate 
insufficiency in women of reproductive age and prevent 
spina bifida and anencephaly.17 Despite this knowledge, 
only about 60 countries had chosen to implement 
effective mandatory fortification of wheat flour, maize 
flour, or rice, as of the year 2020 (figure). Except for 
Moldova and Kosovo, no other European country 
implements mandatory folic acid fortification, resulting 
in more than 1000 pregnancies affected by spina bifida 
and anencephaly that are preventable every year in 
Europe.18 Many countries in Africa and Asia also do not 
implement folic acid fortification.

About 215 000 cases of spina bifida and anencephaly 
could have been averted in 2019 among countries that 
did not implement folic acid fortification.19 Additionally, 
not all countries currently implementing fortification 
are reaching full prevention potential due to limited 
implementation or low coverage of fortified food staples, 
or both.20 Current gaps in global fortification can be 
addressed by understanding country­specific challenges, 
including political will, production infrastructure, 
monitoring frameworks, and national­level funding, and 
by identifying viable food staples for fortification.20 In 
some countries, such as the UK and Ireland, folic acid 
fortification has been considered for many years and, 
although scientific advisory committees have decided to 
introduce fortification, progress on implementation has 
been slow.

Compared with a voluntary policy, mandatory 
fortification creates a more favourable environment for 

Number 

of people 

reached 

(millions)

Expected number 

of cases of 

anaemia averted 

in women of 

reproductive age

Expected 

number of 

NTDs 

averted

Expected 

number of 

deaths under 

the age of 5 

years averted

Expected 

number 

of DALYs 

averted

Expected 

economic 

value of 

DALYs 

averted 

(million US$)

India* 553 24 950 107 22 006 20 410 2 198 103 5532

China 1285 28 831 810 14 037 11 681 1 701 396 20 298

Bangladesh 145 3 194 605 4154 3857 369 392 594

Nigeria 109 5 374 530 3731 3519 362 564 2364

Egypt 89 1 896 955 2077 1783 161 352 699

Ethiopia 85 1 695 531 1397 1315 140 088 141

Philippines 81 809 657 1089 954 102 517 537

Angola 9 365 698 816 769 57 522 383

Morocco 32 1 016 226 547 454 66 193 310

Ghana 20 722 468 531 499 54 008 147

Benin 10 503 202 375 354 38 998 64

Indonesia 25 540 840 312 274 35 071 196

Estimates are for mandatory fortification of wheat flour or rice, or both, in selected low-income and middle-income 

countries in 2019 with a high potential for food fortification.15 Data are sorted by expected number of NTDs averted.

DALYs=disability-adjusted life years. NTDs=neural tube defects (largely comprising spina bifida and anencephaly). 

*Includes 17 Indian states: Andhra Pradesh, Assam, Bihar, Chhattisgarh, Haryana, Himachal Pradesh, Jharkhand, 

Karnataka, Kerala, Madhya Pradesh, Maharashtra, Orissa, Punjab, Rajasthan, Tamil Nadu, Uttar Pradesh, and 

West Bengal.

Table: Estimated annual health and economic benefits of implementing mandatory food fortification 

with folic acid
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food producers in terms of competition with domestic 
and imported goods, enables effective monitoring and 
measuring of added nutrients to ensure that foods meet 
national fortification standards and intake requirements, 
limits the amount of behaviour change required of 
consumers, and increases the proportion of the 
population reached. Mandatory folic acid fortification of 
enriched grain products has been so successful in 
preventing spina bifida and anencephaly that it was 
hailed by the US Centers for Disease Control and 
Prevention as one of the ten greatest public health 
achievements in 2001–10 in the USA.21 A policy review of 
supplementation and fortification concluded that a 
comprehensive approach that is context­specific and 
combines both mandatory fortification and targeted 
supplementation might be most effective in preventing 
spina bifida and anencephaly.22

Existing support and resources for implementing 
and evaluating fortification
Implementing effective fortification programmes requires 
buy­in from governments and the food industry. Successful 
global fortification programmes require: (1) science­based 
advocacy for global coordination; (2) technical assistance to 
champions enabling fortification; (3) technical support to 
food producers; and (4) policy guidance to governments 
regarding monitoring, enforcement, and evaluation of the 
effectiveness of programmes, including using well 
established biomarkers to confirm folate adequacy in the 
target populations.

In 2006, WHO and the UN Food and Agricultural 
Organization published guidelines to assist countries in 
implementing fortification based on national food 
consumption patterns and globally recommended forms 
of nutrients.23 Several organisations are working to build 
political will for fortification through science­based 
advocacy, including the Center for Spina Bifida 
Prevention, the Food Fortification Initiative, Nutrition 
International, and the Global Alliance for Improved 
Nutrition. These organisations aid governments in 
assessing need, relevance, and feasibility of fortification; 
implementing fortification, including optimising the 
design and harmonising efforts with other regional or 
national nutrition initiatives; assessing the quality and 
reach of fortified foods in the population; and evaluating 
cost­effectiveness and nutritional impact.

Tools exist for establishing birth defect surveillance 
systems24 and standard folate testing laboratories.25 
Periodic monitoring of blood folate concentrations in 
women of reproductive age can be integrated into 
existing Demographic Health Survey questionnaires or 
periodic national nutritional surveys. Blood folate 
concentrations increase within a few weeks after 
fortified food is consumed, swiftly informing policy 
makers of the effectiveness of fortification in the target 
population. Additionally, thresholds for optimal blood 
folate concentrations for spina bifida and anencephaly 

prevention have been elucidated recently to guide 
prevention (>400 ng/mL or >906 nmol/L in red blood 
cells; and >25·5 nmol/L in plasma).26,27

Stakeholder support and predictors of success
The International Federation for Spina Bifida and 
Hydrocephalus, representing people with spina bifida 
and hydrocephalus and their families worldwide, 
published a policy statement in 2005 supporting 
mandatory food fortification.28 In 2010, the World Health 
Assembly adopted resolution WHA 63.17 on birth 
defects, recommending that all member nations 
promote equitable access to food fortification strategies.29 
In 2015, the North American Teratology Society published 
a resolution urging all governments to prevent spina 
bifida and anencephaly by 2024 through mandatory 
fortification of staple foods with the recommended 
amount of folic acid.30 In 2018, the Folate Task Team, a 
group of global experts and partners under the leadership 
of Nutrition International, published a position statement 
supporting food fortification.31 In 2020, the G4 Alliance, a 
federation of nearly 70 global surgery organisations in 
160 countries, convened stakeholders to advocate for a 
World Health Assembly resolution on fortification with 
folic acid. In 2021, the International Society for Pediatric 
Neurosurgeons, the largest and most diverse paediatric 
neurosurgical society in the world, passed a resolution 
advocating for food fortification with folic acid globally.32

Fortification has been successful in most Latin American 
countries due to: (1) country champions; (2) active 
partnerships between the government, academia, industry, 
and civil society; (3) fortification of foods that are consumed 
by nutritionally susceptible populations in adequate 
amounts; (4) the use of adequate amounts of bioavailable 
fortificants; (5) institutional research capacity; and 
(6) effective monitoring and quality control measures.

Smarter Futures, a public–private–civic partnership, 
is working to bring together the milling industry, 

Figure: Countries with mandatory large-scale food fortification policies for cereal grain achieving optimal 

prevention of folic acid-preventable spina bifida and anencephaly in the year 2020

Countries in green provide daily intake of folic acid (>150 μg/day) through mandatory cereal grain (ie, wheat flour, 

maize flour, or rice) fortification to effectively prevent folic acid-preventable spina bifida and anencephaly. 

The figure is based on data from the Global Fortification Data Exchange . The adequate daily intake is calculated on 

the basis of the amount of folic acid fortification in cereal grains (μg/g), the estimated amount (g/day) of cereal 

grains per person available for consumption, and the proportion of cereal grain that is produced in large-scale 

industrial mills and fortified with folic acid.

High prevention

For more on the Global 

Fortification Data Exchange see 

www.fortificationdata.org

http://www.fortificationdata.org
http://www.fortificationdata.org
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governments, and development partners to support 
the implementation of national flour fortification 
programmes, to improve the nutritional quality of wheat 
flour and maize flour in Africa. As a case study, Costa 
Rica has effectively implemented folic acid fortification 
of multiple staples. Public health and medical sectors 
collaborated with policy makers to pass and enforce 
successful fortification legislation.

An urgent call to action for a World Health 
Assembly resolution on mandatory folic acid 
food fortification
According to the Global Fortification Data Exchange, 
more than 100 countries do not currently have folic acid 
fortification programmes. Attempts to establish food 
fortification programmes in these countries have often 
been met with requests for more research or a lack of 
political will, stating that spina bifida and anencephaly 
prevention is not a priority for national public health 
action. These hurdles have resulted in more than 
4 million preventable cases of spina bifida and 
anencephaly globally in the 30 years since the British 
Medical Research Council’s landmark trial publication 
providing unequivocal evidence on folic acid.2 There 
are sufficient, high­quality data on the safety and 
effectiveness of fortification for policy makers to swiftly 
implement fortification.33 Knowledge and guidance exist 
to assist governments and the food industry in 
successfully implementing fortification, but bringing 
fortification to scale globally has been difficult due to a 
lack of resources. Global spina bifida and anencephaly 
prevention is a missed opportunity, which can be 
remedied by concerted global action to overcome 
fortification barriers.

Mandatory food fortification with folic acid will protect 
pregnancies from spina bifida and anencephaly, prevent 
associated death and disability, and conserve and redirect 
already meagre surgical manpower and health­care 
resources. We make an urgent call to action for the World 
Health Assembly to pass a resolution for universal 
mandatory folic acid fortification of staple foods. This 
resolution will accelerate the pace of global prevention of 
severe and fatal birth defects, support equitable food 
fortification in all countries, and assist countries in 
reaching their 2030 Sustainable Development Goals on 
child mortality and health equity.
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