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“One of the most exciting medical findings of the last
part of the twentieth century is that folic acid, a simple,
widely available, water-soluble vitamin, can prevent
spina bifida and anencephaly (SBA). Not since the
rubella vaccine became available 30 years ago have
we had a comparable opportunity for primary preven-
tion of such common and serious birth defects” [1].

“The opportunity to implement a sustainable, inexpen-
sive passive population intervention to prevent major
human diseases comes rarely. Folic acid fortification of
centrally processed grains is one of those rare opportu-
nities. Governments that have not moved to assure that
centrally processed grains are almost all fortified with
sufficient folic acid are acting irresponsibly. They are
committing public health malpractice” [2].

Inever dreamed, in 1991, when I learned that folic acid
would prevent spina bifida and anencephaly, that 31 years
later we would be preventing only about 25% of global,
preventable cases of spina bifida F and anencephaly F
annually (F refers to Folic acid-preventable cases, the pre-
dominant cause of the two birth defects in countries that do
not require fortification of food with folic acid) [3]. Part of
my rationale in the 1980s for seeking funding for a rand-
omized controlled trial was that if folic acid prevented spina
bifida, folic acid could be added to staple foods eaten by the
majority of the population, thus preventing spina bifida.
This concept is similar to how large-scale population-based
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interventions with iodine and vitamin D prevented cretin-
ism, goiter, and rickets.

I marvel at the enormous success of philanthropy and
government funding to reduce child mortality based upon
old and new research demonstrating effective vaccines.
Spina bifida F and anencephaly F are well-known causes of
stillbirths, neonatal, perinatal, infant, and child mortality. It
is proven that mandatory folic acid fortification of widely
consumed foods is the most sustainable and cost-effective
way to prevent these causes of mortality. Folic acid fortifica-
tion has been successfully implemented in the USA, Costa
Rica, Canada, and Oman since the late 1990s. Yet, philan-
thropy and government have failed to give sufficient priority
to folic acid fortification programs on a global scale. The
failure to support this proven way to help low- and middle-
income countries achieve their child mortality reduction
targets within the 2030 Sustainable Development Goals is
especially difficult to understand [4].

The burden of the disease caused by countries’ failures
to fortify food with folic acid is very large. I estimate 10
million cases of spina bifida F and anencephaly F occurred
globally in the first two decades of this century that were
completely preventable through folic acid fortification of
staple foods (Fig. 1). My estimate considers the global
prevention of spina bifida F and anencephaly F at 25% in
each of those years based on our recent published work,
and this prevention proportion is likely an overestimate
[5]. T assumed an average spina bifida and anencephaly rate
of 50 per 10,000 pregnancies. This rate is higher than we
assumed for our previously reported global estimate of the
rate of prevention of spina bifida and anencephaly preg-
nancies in countries without folic acid fortification [5]. In
those estimates, we used 25 per 10,000 as was reported in
the March of Dimes Global Report on Birth Defects [6].
We continue to use the March of Dimes prevalence esti-
mate, developed by Dr. Bernadette Modell, to assist with
the interpretation of the global rate of prevention of spina
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Cumulative number of preventable cases of spina bifida F and anencephaly F that occurred globally between
years 2000 and 2019 due to a lack of folic acid fortification in over 100 countries:

= (134,000,000 births / year) x (50 cases of spina bifida F and anencephaly F / 10,000 births without folic acid fortification of staple foods)
x (75% cases not being currently prevented through folic acid fortification of staple foods) x # years

Fig.1 Number of cases of spina bifida F and anencephaly F that could have been prevented globally through folic acid fortification of staple
foods between years 2000 and 2019. F folic acid-preventable cases of spina bifida and anencephaly

bifida and anencephaly, however, we stress that these are
modeled estimates and likely underestimates of the actual
global burden of the birth defects. A more recent estimate
by Blencowe et al. [7], building on the Modell method-
ology, reported a global prevalence of 18 per 10,000 for
neural tube defects, largely composed of spina bifida and
anencephaly. In their paper, Blencowe et al. [7] state that
their total NTD prevalence estimate is an underestimate of
the actual burden, especially in low- and middle-income
countries, with challenges in tracking pregnancy outcomes
for NTD-associated early fetal losses, miscarriages, elective
terminations, and stillbirths.

My estimation of the number of cases of spina bifida F and
anencephaly F occurred globally between 2000 and 2019 was
rather based on historic data from studies published before
countries implemented fortification. MacMahon and Yen
describe the Great American Epidemic of spina bifida and
anencephaly that peaked in the 1930s at a combined prev-
alence of 45 per 10,000 births, falling gradually to 18 per
10,000 births in 1960 [8]. Elwood and Nevin conducted a
population-based prevalence study of spina bifida and anen-
cephaly in Belfast from 1964 to 1968, reporting a combined
prevalence of spina bifida and anencephaly of 87 per 10,000
births [9]. Then the China-USA study from 1993 to 1995
found 48 per 10,000 births in the Northern region and 10 per
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10,000 births in the Southern region of China [10]. More
recently, Atlaw et al. [11] reported a prevalence of 50 per
10,000 births in Ethiopia, a country with a high prevalence
of folate deficiency among women of reproductive age Ethio-
pian Public Health [12].

There is good news. Led by Drs. Jeffery Blount and Gail
Rousseau, neurosurgeons have combined their talents to work
toward global prevention of spina bifida F and anencephaly
F as fast as possible. They formed the Global Alliance for
Prevention of Spina Bifida F (GAPSBIF) to prevent spina
bifida F (and anencephaly F). GAPSBIF is actively promoting
a World Health Assembly resolution seeking all countries to
require and enforce food fortification to prevent spina bifida
F and anencephaly F [13]. These efforts are built upon a 2010
World Health Assembly resolution promoting birth defects
prevention and a resolution issued by the International Soci-
ety of Pediatrics Neurosurgeons (ISPN) Caceres et al. [14].
The resolution by the ISPN is an additional effort by neuro-
surgeons to accelerate the pace of spina bifida F and anen-
cephaly F prevention through food fortification with folic acid
in countries worldwide. Martinez et al. and Kancherla et al.
reviewed scientific and policy data and provided a rationale
for immediate implementation of required and enforced folic
acid fortification of appropriate foods and for the urgent need
for a WHA resolution for folic acid fortification [15, 16].
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In the book House on Fire: The Fight to Eradicate Small-
pox, author and public health leader Dr. William Foege out-
lines landmarks necessary to build a successful global effort
to prevent diseases [17]. Dr. Foege points to two necessary
requirements for action: “social will” and “political will.”
I am encouraged by the neurosurgeons who are building
social and political will by championing primary preven-
tion of spina bifida F and anencephaly F. I am encouraged
by the recent exploration of folic acid-fortified iodized salt
because of its potential to help multiple countries improve
their chances of preventing spina bifida F and anencephaly
F and meeting their 2030 Sustainable Development Goals
[18]. I am also encouraged by Rotarians who are interested
in programs to prevent spina bifida F and anencephaly F.

In closing, I encourage philanthropy and governments to
provide sufficient resources to maximize the number of coun-
tries that require, enforce, and monitor folic acid fortification.
Let us end the current public health malpractice in time to
help all countries achieve their 2030 Sustainable Develop-
ment Goal targets by fortifying staple foods with folic acid.
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