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INTRODUCTION

Neural tube defects (NTDs)
represent the most prevalent category
of  neurological  developmental
anomalies, affecting approximately
1-2 per 1000 live births globally.
These defects, which include
conditions such as spina bifida and
anencephaly, arise from the failure of
the neural tube to fuse properly during
embryonic development. The
incidence of NTDs is particularly
alarming, with an estimated 300,000
to 400,000 new cases each year
worldwide. The high prevalence and
significant health implications of
NTDs underscore the urgent need for
effective prevention strategies.!*?

The management of NTDs
typically involves a combination of
prenatal and postnatal surgical
interventions. Prenatal

myelomeningocele repair,

encephalocele repair, and Chiari
decompression are common
neurosurgical procedures aimed at
mitigating the impact of these defects.
Long-term  management  often
includes  addressing  associated
conditions such as hydrocephalus and
tethered cord syndrome, requiring a
multidisciplinary approach to care.
Despite advancements in medical and
surgical  techniques that have
increased survival rates, a substantial
proportion of children with NTDs
remain functionally dependent, facing
challenges in mobility, bowel and
bladder function, and overall quality
of life.>*

The economic burden of
NTDs is considerable, encompassing
direct medical costs, direct non-
medical costs, and indirect costs,
including caregiver time. The
comprehensive care required for
individuals with NTDs, along with
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the associated treatments and
supportive equipment, contribute to
the high financial impact on families
and healthcare systems. Moreover, in
many low- to middle-income
countries (LMICs), the lack of access
to prenatal screening, ultrasound, and
intrauterine prenatal repair
exacerbates the challenges in
managing these conditions
effectively. This highlights the need
for accessible and cost-effective
prevention strategies, particularly in
resource-limited settings.>

Primary prevention of NTDs
through public health initiatives has
shown promise, especially in
reducing the incidence of folate-
sensitive NTDs. Folate, a B-vitamin
essential for cell growth and
reproduction, plays a crucial role in
preventing these defects. Research
indicates that adequate folate intake
before conception and during early
pregnancy can prevent approximately
half of all NTD cases. Consequently,
public  health recommendations
advocate for women of childbearing
age to consume 400 pg of folate daily.
This preventive measure has been
supported by various public health
interventions aimed at increasing
folate consumption among the
population.”

One of the most notable public
health measures is the fortification of
food products with folate. For
instance, the 1998 mandate by the US
Food and Drug Administration (FDA)
for cereal grain enrichment led to a
20% reduction in the national
incidence of spina bifida. This
example illustrates the significant
impact that policy-driven folate
fortification can have on reducing
NTD rates. However, the
implementation and  type of
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fortification and supplementation
policies vary widely across different
countries, reflecting a lack of
uniformity in  public  health
approaches to NTD prevention.”!?
Given the substantial
evidence supporting the effectiveness
of folate fortification and

supplementation, it is crucial to
systematically review the various
policies and their outcomes. This
systematic review aims to evaluate
folate fortification and
supplementation effectiveness in
reducing the incidence of NTDs.

METHODS

Protocol

The author carefully followed
the rules laid out in the Preferred
Reporting Items for Systematic
Review and Meta-Analysis
(PRISMA) 2020. This was done to
make sure the study met all its
standards. The selection of this
methodological approach  was
specifically aimed at ensuring the
precision and reliability of the
conclusions drawn  from  the
investigation.

Criteria for Eligibility

This systematic review was
done to evaluate folate fortification
and supplementation effectiveness in
reducing the incidence of NTDs based
on literatures of the last 10 years. This
study meticulously analyzed data on
literatures to provide insights and
enhance patient treatment strategies.
The primary objective of this paper is
to  highlight  the collective
significance of the identified key
points.

Inclusion criteria for this
study entail: 1) Papers must be in
English, and 2) Papers must have
been published between 2014 and
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2024. Exclusion criteria comprise: 1)
Editorials; 2) Submissions without a
DOI; 3) Previously published review
articles; and 4) Duplicate entries in
journals.

Search Strategy

The keywords used for this
research are folate supplementation,
folate fortification, neural tube
defects. The Boolean MeSH
keywords inputted on databases for
this research are: (("folic acid"[MeSH
Terms] OR ("folic"[All Fields] AND
"acid"[All  Fields]) OR "folic
acid"[All Fields] OR "folate"[All
Fields] OR "folates"[All Fields])
AND ("supplemental"[ All Fields] OR
"supplementating"[All Fields] OR
"supplementation"[All Fields] OR
"supplementation s"[All Fields] OR
"supplementations"[All Fields] OR
"supplemention"[All Fields])) OR
(("folic acid"[MeSH Terms] OR
("folic"[All Fields] AND "acid"[All
Fields]) OR "folic acid"[All Fields]
OR  "folate"[All  Fields] OR
"folates"[All Fields]) AND
("fortification"[All  Fields] OR
"fortifications"[All Fields]))) AND
("neural tube defects"[MeSH Terms]
OR  ("neural"[All Fields] AND
"tube"[All Fields] AND "defects"[All
Fields]) OR "neural tube defects"[All
Fields]).

Data retrieval

The authors assessed the
studies by reviewing their abstracts
and titles to determine their
eligibility, selecting relevant ones
based on their adherence to the
inclusion criteria, which aligned with
the article's objectives. A consistent
trend observed across multiple studies
led to a conclusive result. The chosen
submissions had to meet the
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eligibility criteria of being in English
and a full-text.

This  systematic  review
exclusively incorporated literature
that met all predefined inclusion
criteria and directly pertained to the
investigated topic. Studies failing to
meet these criteria were
systematically excluded, and their
findings were not considered.
Subsequent  analysis  examined
various details uncovered during the
research process, including titles,
authors, publication dates, locations,
study methodologies, and parameters.
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Quality Assessment and Data Synthesis

Each author independently evaluated the research presented in the title and
abstract of the publication to determine which ones merited further exploration. The
subsequent stage involved assessing all articles that met the predefined criteria for
inclusion in the review. Decisions on including articles in the review were based on
the findings uncovered during this evaluation process. This criterion aimed to
streamline the paper selection process for further assessment, facilitating a
comprehensive discussion of previous investigations and the factors that made them
suitable for inclusion in the review.

Identification of studies via databases and reaisters

Records removed before

Records identified from™*: screening:
PubMed (n = 125) Duplicate records removed
Sagepub (n =75) (n =200) o
SpringerLink (n = 100) Records marked as ineligible

Google Scholar (n = 200) by automation tools (n=150)
Records removed for other

reasons (n = 100)

\ 4

Records screened Records excluded**
(n =50) (n =25)

\ 4

Reports sought for retrieval Reports not retrieved
(n=25) (n=28)

v

Reports assessed for eligibility
(n=17) Reports excluded:

2014-2024 filter (n = 5)
Incomplete results (n = 3)
Wrong study design (n = 4)

\4

Studies included in systematic
review
(n=15)

Figure 1. Article search flow chart
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RESULT

The initial number of articles retrieved from online databases (PubMed,
SagePub, SpringerLink, and Google Scholar) is 500 articles. After conducting three
levels of screening, five articles that directly relate to the current systematic review
have been chosen for further assessment through full-text reading and analysis.
Table 1 presents the selected literature included in this analysis.

Table 1. The literature included in this stud
Between 2001 and 2014,
there were 8,554 neural tube
defects (NTDs) reported for
17,925,729 live births and
2,673 NTDs reported for
194,858 stillbirths. The
overall prevalence of NTDs
decreased from 0.79 per 1000
live births pre-fortification to
0.55 per 1000 live births post-
Santos, et Brazil Retrospective | 18,120,587 fortification, with a
al.'' (2016) study samples | prevalence ratio (PR) of 1.43
(95% confidence interval, CI:
1.38-1.50). For stillbirths, the
prevalence decreased from
17.74 per 1000 stillbirths pre-
fortification to 11.70 per 1000
stillbirths post-fortification.
Among live births, the
prevalence fell from 0.57 per
1000 to 0.44 per 1000 in the
same period.

In Chile and Argentina, the
prevalence of neural tube
defects (NTDs), particularly
anencephaly and cervico-
thoracic spina bifida, showed
a greater reduction in females
than in males after folic acid

Cross- fortification (FAF). This
Poletta, et South tional 2,597 resulted in a shift in the sex
al.'”? (2018) | America se¢ 13na samples ratio of infants with NTDs.
study The study suggests possible
mechanisms behind this
differential reduction, which
could help in understanding
the overall pathogenesis of
NTDs and specifically those
that are susceptible to folic
acid's protective effects.
The fortification mandate in
the U.S. is estimated to have
reduced the annual number of
live-born spina bifida cases
by 767, with a lower-bound
estimate of 614 cases. The
mean direct lifetime cost per

Grosse, et Retrospective 767
al.’® (2016) study samples
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infant with spina bifida is
estimated at $791,900, or
$577,000 excluding
caregiving costs. With the
best estimate of avoided
cases, fortification is
projected to reduce the
present value of total direct
costs for each year's birth
cohort by $603 million,
exceeding the cost of
fortification. A conservative
lower-bound estimate of cost
savings, using higher
fortification cost assumptions,
is $299 million.

Kancherla,
et al.!4
(2018)

Multicenter

Retrospective
study

230,000
samples

In 2017, 59 countries
implemented mandatory folic
acid fortification of wheat
and/or maize flour,
preventing approximately
50,270 out of 280,500 folic
acid-preventable spina bifida
and anencephaly (FAP SBA)
births, achieving only 18%
global prevention. Many
countries in Africa and Asia,
where the number of FAP
SBA-affected births is high,
do not have mandatory
fortification.

Arth, et
al.’’ (2016)

Multicenter

Retrospective
study

268,700
samples

In 2015, mandatory folic acid
fortification of wheat and
maize flour in 58 countries
prevented 13.2% (35,500 out
of 268,700) of global folic
acid-preventable spina bifida
and anencephaly (FAP SBA)
cases. However, most
countries in Europe, Africa,
and Asia were not
implementing this
fortification. Despite 25 years
of knowledge that folic acid
prevents these defects, only a
small fraction of FAP SBA
cases are being prevented
globally. Many countries
continue to experience
significantly higher rates of
FAP SBA. Mandatory folic
acid fortification offers a
proven, rapid method for
governments to reduce FAP
SBA-related disability and
mortality and to support
health-related Sustainable
Development Goals.
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In this systematic review, a total of 18,622,651 samples were analyzed
across diverse populations and geographic regions. The summarized studies
encompass a diverse global distribution, including Brazil, South America (Chile
and Argentina), the USA, and multiple global regions. They highlight reductions in
neural tube defects (NTDs) post-fortification of folic acid, with varying impacts and
implementation levels across different continents.
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DISCUSSION

Folic acid supplementation and
fortification  have  demonstrated
significant impacts on reducing the
prevalence of neural tube defects
(NTDs) globally. The studies
reviewed provide valuable insights
into the effectiveness of these
interventions across different regions
and populations. Santos et al. (2016)
observed a substantial decrease in
NTD prevalence in Brazil following
mandatory fortification of wheat and
maize  flour.  Their  findings
underscore the effectiveness of
national fortification programs in
large, diverse populations, where the
prevalence of NTDs decreased
notably  post-fortification.  This

supports the notion that population-
wide strategies can effectively reduce
NTD rates, benefiting both live births
and stillbirths.!!-1¢

Poletta et al. (2018) contributed

insights from South  America,
specifically Chile and Argentina,
where they noted differential
reductions in NTDs between genders
post-fortification. This suggests that
while overall prevalence decreases,
there may be nuanced effects on
specific ~ subgroups,  potentially
influenced by biological factors or
varying fortification levels between
regions. Such observations highlight
the importance of considering
demographic and regional factors
when implementing and assessing
fortification policies.?

The study by Grosse et al.
(2016) focused on the economic
implications of fortification in the
USA, estimating substantial cost
savings associated with preventing
spina bifida cases. This economic
perspective underscores the broader
benefits of fortification beyond health
outcomes, demonstrating that
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investments in preventive measures
can yield significant societal
returns. '3’

Global perspectives provided
by Kancherla et al. (2018) and Arth et
al. (2016) reveal disparities in
fortification practices and outcomes
worldwide.  Kancherla et al.
highlighted the widespread adoption
of fortification in some regions but
noted significant gaps in others,
particularly in Africa and Asia, where
implementation  remains  limited
despite high prevalence rates of folic
acid-preventable NTDs. Arth et al.
echoed these disparities, emphasizing
the urgent need for broader global
adoption of fortification strategies to
maximize public health benefits and
reduce disparities in NTD prevalence
globally.!413

Despite the overall success
observed in many regions, challenges
remain in optimizing fortification
strategies universally. Variations in
fortification levels and compliance
suggest that achieving optimal
effectiveness requires careful
monitoring and adjustment of
fortification programs based on
regional and population-specific
needs. This adaptive approach is
crucial for sustaining reductions in
NTD prevalence over the long term.'®

Furthermore, the  varying
impacts on different types of NTDs,
such as anencephaly and spina bifida,
as highlighted by Poletta et al. (2018),
indicate the need for continued
research into the mechanisms
underlying folic acid's protective
effects. Understanding these
mechanisms can inform targeted
interventions and improve outcomes
for populations disproportionately
affected by specific types of
NTDs.!21
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The economic analysis by
Grosse et al. (2016) underscores the
cost-effectiveness of fortification
programs, suggesting that while
initial implementation costs may be
incurred, the long-term economic
benefits outweigh these costs
significantly. This economic
argument strengthens the case for
policy makers to prioritize and sustain
fortification initiatives as a cost-
effective public health
intervention. !>

CONCLUSION

The systematic review confirms
folic acid's effectiveness in lowering
global NTD rates, despite disparities
in implementation and outcomes,
especially in low-resource areas.
Future research should optimize
fortification strategies, close
implementation gaps, and deepen
understanding of  folic  acid's
biological mechanisms for broader
health gains.
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