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Background: Neural tube defects (NTDs) are serious congenital anomalies
affecting the brain and spinal cord. Despite widespread folic acid
supplementation and food fortification programs, regions such as Saudi Arabia
have not experienced a proportional decline in NTD prevalence. This narrative
review evaluates the multifactorial contributors to NTDs, focusing on the
effectiveness of current prevention and screening strategies both globally and
within Saudi Arabia.

Materials and methods: A comparative methodology guided this review,
drawing from studies published between 2000 and 2024 sourced from PubMed,
Scopus, and the WHO library. Keywords included “neural tube defects,” “folic
acid supplementation,” “screening programs,” and “food fortification.” While not
a systematic review, PRISMA principles were loosely followed to ensure study
relevance and rigor.

Results: Globally, countries like the United States, Canada, Chile, and Australia
have implemented mandatory folic acid fortification and reported NTD
reductions ranging from 19 to 78%. South Africa, for example, achieved a 66%
decline in NTD-related deaths post-fortification. In Saudi Arabia, similar initiatives
have been launched, including folic acid campaigns and food fortification.
However, national-level data evaluating their impact remains sparse. Regional
disparities in implementation, awareness, and access have limited the success
of these measures. Although 80.1% of Saudi women reportedly understand
the preventive role of folic acid, uptake and proper timing of supplementation
remain inconsistent. Screening services, particularly in rural areas, are not
uniformly accessible, reducing early detection rates. Unlike countries such as
Australia and Chile, Saudi Arabia lacks a standardized system for tracking and
evaluating NTD outcomes.

Conclusion: This review concludes that while Saudi Arabia has adopted
commendable preventive strategies, the absence of comprehensive data, policy
enforcement, and public education limits their effectiveness. Strengthening
national monitoring systems, ensuring equitable access to screening, and
enforcing mandatory fortification policies modelled on successful international
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practices are critical. Adopting evidence-based policies supported by robust
evaluation frameworks will be essential to reducing the burden of NTDs and
improving maternal and child health outcomes in Saudi Arabia.

KEYWORDS

neural tube defect, NTD, genetic screening, food fortification, Saudi Arabia

Background

Neural tube defects are prevalent birth anomalies caused by early
developmental abnormalities in the formation of the brain and spinal
cord (1, 2). These defects happen between 21 and 28 days after
conception when the neural folds fail to join in the middle to form the
neural tube (3, 4). Key neural tube defects include spina bifida,
meningocele, myelomeningocele, encephalocele, anencephaly, caudal
regression syndrome, tethered cord, and syringomyelia (5). The
severity of motor, sensory impairments, and incontinence in NTDs
depends on the level of damage. It can also be linked to brain issues
like Chiari II malformation, hydrocephalus, abnormal brain cell
positioning, and underdevelopment of structures like the corpus
callosum and cranial nerve centers (6). Children with NTDs require
ongoing care from a team of experts. This team should include
specialists in neonatology, pediatric neurology, neurosurgery, urology,
pediatric orthopedics, and physical medicine (7). These conditions not
only lead to significant morbidity and mortality but also cause
immense psychological and financial stress on families and
communities (8).

Risk factors

Several factors, including nutrition, increase the risk of NTDs. A
key risk is a lack of folate (B9) in the mother before and during early
pregnancy (9). Research shows that low folate levels, measured in red
blood cells, are a major cause of NTDs (7, 10). Studies show thata 5-6
per 10,000 live births NTD rate is achieved in countries with successful
large-scale folic acid food fortification programs (11). Vitamins B2,
B6, B12, choline, betaine, and n-3 fatty acids can lower NTD risk by
affecting the one-carbon metabolism pathway (12). Genetic factors,
such as mutations in the methylenetetrahydrofolate reductase
(MTHFR) gene, increase the risk of NTDs (13). Maternal folate
receptor antibodies, which block folate transfer from mother to fetus,
can disrupt folate transport and affect neural tube development,
increasing the risk of NTDs (14). Infectious diseases like malaria and
certain drugs, including thalidomide, methotrexate, anti-seizure
medications, and some antimalarials, increase the risk of NTDs (7).
Metabolic diabetes
phenylketonuria can also cause NTDs (15). Exposure to chemicals like

disorders like before pregnancy and

solvents, arsenic, pesticides, paints, radiation, and toxic metals such
as mercury and lead increases the risk of NTDs (7). Both a lack of
manganese and too much manganese can be harmful to the fetus (16).

Method

This review presents a narrative synthesis of literature retrieved
from PubMed, Scopus, and the WHO databases, following PRISMA
guidelines. Predefined keywords were utilized to narrow the search to
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NTD, screening, folic acid, and policy. Inclusion for the paper selected
was limited to articles published between 2000 and 2024 and peer-
reviewed in English. This paper focuses on raising folate levels in the
population to lower the risk of NTDs. It will:

1 Analyze the issue using the most recent global data on folate
levels in women of reproductive age and rates of NTDs
interventions and

2 Summarize current identify areas

for improvement.

Suggest policies that a nation could include in its strategic plan for
controlling folate insufficiency and folic acid-responsive neural tube
defects, ultimately leading to improved health outcomes for women
and children

Results
The impact of NTD on public health

NTDs’ global and local burden on healthcare

NTDs are a major cause of infant death and disability, affecting
around 300,000 newborns each year worldwide, with rates as high as
199.4 per 10,000 births. These conditions possess a public health issue
of global significance, with prevalence rates that seem uninfluenced
by a country’s economic status or level of development (15, 17, 18).

Folate status estimation

To determine one’s folate status, the most often utilized indicators
are RBC and serum/plasma folate levels. Serum or plasma folate shows
short-term folic acid intake, while red blood cell folate reflects long-
term consumption (7, 19, 20). When assessing the folate status of a
population, the RBC folate level is preferable. The WHO advocates
measuring RBC folate using a harmonized Microbiological Assay
(MBA) to obtain consistent, dependable findings throughout time and
regions (7, 10). A deficiency in folate raises the risk of megaloblastic
anemia, with serum folate levels below 7 nmol/L and RBC folate levels
below 227 nmol/L serving as the cut-off thresholds (7, 10). Increased
cut-off levels are necessary to offer optimal protection against folate-
dependent NTDs because higher folate concentrations are required to
promote immediate cell division at neural tube closure (7). Folate
deficiency is defined as having folate levels below this threshold. The
WHO recommends an RBC folate level of 906 nmol/L (or 748 nmol/L
with a different calibrator) as the key protective level against NTDs.
Folate levels are directly related to the risk of NTDs (7, 19, 20).

Folate levels in women of childbearing age
Worldwide, data are scarce addressing folate status. A recent
systematic analysis listed every country-specific survey published
between 2000 and 2014 that indicated a global folate deficiency or
insufficiency. Over 70% of the accessible data showed high- or
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upper-middle-income nations. The majority of nations had greater
than 40% prevalence of folate insufficiency. This review exposed many
gaps in our knowledge of folate status all over the world. They were
lacking in information about folate insufficiency, heterogeneous
laboratory methods used (only 10 surveys measured RBC folate using
the recommended harmonized MBA), and a scarcity of data [only 39
countries completed 45 surveys total for this evaluation during the
study period (21)].

NTD'S prevalence

The prevalence of NTD has proven to be challenging to estimate
and frequently imprecise, underestimating the actual value. There are
several reasons for this challenge; for example, the majority of
countries lack adequate birth defect surveillance systems that include
data on stillbirths and abortions. Most recent estimates of NTD
prevalence come from a thorough study by Blencowe et al. (22), which
determined global prevalence based on published literature and
national birth registries. In 2015, there were about 260,100 new NTD
cases worldwide, with 117,900 (75%) leading to death in children
under five, mostly in low- and middle-income countries (LMIC). The
authors reported these NTD rates per 10,000 live births without folic
acid fortification: Sub-Saharan Africa (15.27), Southern Asia (31.96),
East Asia (19.44), and Northern Africa and Western Asia (17.45) (22).

In Saudi Arabia, NTDs occur in about 1 in 1,000 births (23).
Although this is lower than the global average of 1 in 1,500 births, it
is higher than in some developed countries, like the United States,
where the rate is 1 in 2,500 births (24-26), Table 1. Uncovering the
factors behind this regional discrepancy is crucial for targeted public
health interventions.

Economic status

Neural tube defects (NTDs) can have significant economic
impacts on affected individuals, families, and society. The financial
cost of NTDs is high. The medical expenses associated with
diagnosing, treating, and managing NTDs can be substantial (27, 28).
This includes expenses related to prenatal screening, diagnostic tests
(such as ultrasound and amniocentesis), surgeries (such as corrective
procedures for spinal defects), hospitalizations, medications, and
ongoing medical care. It may also include physical, speech, and
occupational therapy, mobility aids, assistive devices, and other
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treatments for physical and cognitive needs (27). In the USA, the
estimated annual medical costs per patient with NTD were ($51,574 in
2003), and for spina bifida, they ranged from ($11,061 in 1993) to
($65,177 in 2003). For treating patients with spina bifida, the Spanish
Social Security system paid medical costs of ($2,734 or $2,953,138 in
1988) per year per person annually. This financial burden would
decrease if the incidence and prevalence of NTDs decreased (29).
Countries with higher income levels typically have more prevalent
systems for monitoring neural tube defects. There was a lack of data
from countries in Africa and Southeast Asia (30).

Large-scale food fortification (LSFF)

Many countries have made folic acid fortification in staple foods
mandatory because it helps reduce the risk of NTDs in pregnancies
(31). Programs in China, the U. S., Canada, Costa Rica, South Africa,
and Chile have shown that folic acid can reduce NTD rates to as low
as 5-6 per 10,000 pregnancies (31). A study showed food fortification
is generally cost-effective, with a return of 17.5:1 for each monetary
unit spent (32). Large-scale food fortification (LSFF) aims to improve
public health by boosting nutrient intake without changing regular
food habits (32). In 2023, the WHO adopted a plan to accelerate
efforts to prevent micronutrient deficiencies and NTDs through food
fortification, urging countries to base decisions on public health needs
and regular monitoring (33).

When implemented properly by governments, large-scale food
fortification (LSFF) can significantly improve public nutrition (34).
Research is needed to fully understand its health impacts (34). LSFF
combined with folic acid has successfully increased folate levels in
women of reproductive age and reduced the prevalence of NTDs,
particularly in low- and middle-income countries (LMICs) (35).
Countries like Costa Rica, Brazil, Mexico, and South Africa have seen
reductions in NTDs by 30-59% after fortifying foods like wheat,
maize, and rice with folic acid (36-43). However, despite mandatory
supplementation, China still has a high NTD prevalence (44).

Australia’s experience shows that NTD rates dropped significantly
after mandatory fortification was introduced in 2009 (45, 46). Before
that, only voluntary fortification had a smaller impact (46). In the U.S,,
mandatory folic acid fortification began in 1998 to ensure women of
childbearing age received adequate folate, helping reduce NTD rates
(47). However, many countries, especially in Asia and Europe, still

TABLE 1 Fortification policy and impact: comparative overview of neural tube defect prevention strategies across select countries.

Country Fortification policy NTD prevalence (Before/After) Policy features

USA (48) Mandatory since 1998. ~10 per 10,000 ~7 per 10,000 Broad national coverage, early
implementation

Canada (31) Mandatory ~14 per 10,000 ~7.6 per 10,000 Strong monitoring and enforcement

Chile (34) Mandatory wheat flour fortification ~17 per 10,000 ~10 per 10,000 Regional campaigns supported by legislation

Costa Rica (37) Mandatory ~15 per 10,000 ~8 per 10,000 Integrated surveillance and health education

South Africa (42) Fortification of maize and wheat ~11 per 10,000 ~3.7 per 10,000 Cost-benefit justified, strong rural outreach

Australia (46, 97) Mandatory fortification (2009)

~12.8 per 10,000

~8.7 per 10,000 Significant drop after 2009; national

monitoring

Japan (98) Voluntary folic acid fortification

~6 per 10,000

~5.9 per 10,000 Minimal reduction; fortification not

mandatory

Saudi Arabia (23, 24) Fortification + awareness campaigns

~15 per 10,000

~10 per 10,000 Mixed coverage, knowledge-use gap, urban-

focused
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lack mandatory folic acid fortification, leading to higher rates of spina
bifida (48). Data from South Africa, Argentina, and Costa Rica show
a significant reduction in NTD-related deaths following mandatory
fortification, with decreases of 66, 68, and 71%, respectively (38, 39,
42, 48).

Discussion

Health interventions and strategies for
prevention

Variation in diet

Folate is present in foods such as leafy green vegetables, beans,
lentils, broccoli, avocado, nuts, seeds, fruits, and animal products like
eggs and liver. It can be hard to get the reccommended daily folate from
food alone, though nutrition education should highlight folate-rich
foods and their benefits. Current folic acid guidelines include the
folate from a healthy diet (49).

Oral folic acid supplementation for
periconceptional primary prevention

Women planning a pregnancy are advised by the CDC, Institute
of Medicine, and US Preventive Services Task Force to take 400-800 ug
of folic acid daily, beginning 4 weeks before conception and continuing
through the first trimester (50). A systematic review of clinical trials
involving 7,391 women found that folate supplements taken before
conception can prevent up to 70% of NTDs (51, 52). Women taking
anticonvulsants or those with diabetes are recommended to take
5,000 pg of folic acid daily, along with adhering to dietary guidelines
(49). A recent review found that folic acid fortification and
supplementation programs led by governments effectively reduced
NTDs. They also emphasized the importance of education and
following recommendations (31). Unplanned pregnancies are higher
in low- and middle-income countries compared to High-Income
Countries (HIC) (53). Access to prenatal care may be unequal, with
wealthier, more educated women, or those with a history of difficult
pregnancies, more likely to seek it (54, 55). In China, preconception
folic acid use has helped decrease NTD rates from 2000 to 2017 (29).
However, supplementation does not effectively prevent unplanned
pregnancies (53).

Oral folic acid supplementation to prevent
recurring issues before conception

NTD recurrence means a neural tube defect happens again in a
future pregnancy after it occurred in a previous one. To prevent
recurrence, a daily intake of 4,000 pg of folic acid, starting 1 month
prior to a planned pregnancy and continuing through the first
trimester, has been highly recommended (49, 56, 57). A systematic
study of pooled data from Great Britain, North America, and Europe
finds that there is a 4% chance of recurrence after one NTD-affected
pregnancy and an 11.1% risk after two previously affected pregnancies
(51). Four randomized trials investigating folic acid supplementation
for preventing NTD recurrences demonstrated an NTD rate of 0.6%
among those taking the supplement, compared to 4.1% in those who
did not, indicating an 87% reduction in risk (58).
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Weekly supplementation of folic acid

Currently, no randomized trials evaluate the effectiveness of
weekly periconceptional folate supplementation in preventing
neural tube defects (NTDs). However, three studies found that
weekly folic acid improved folate levels, with one showing reduced
NTD rates (7). In one trial, 74 women (39 with prior NTD
pregnancies) received 5,000 pg of folic acid weekly for 3 months,
leading to significant increases in plasma and RBC folate in 90% of
participants. Based on these results, a program provided free
supplements to 250,000 low-income women, reducing NTD rates
from 10.04 to 5.8 per 10,000 live births over 28 months (7). Another
study included 114 women compared weekly doses of 2,800 pg of
folic acid, daily 400 pg doses, and a placebo. It found that 49% of
the weekly group had a protective increase in folate levels, but this
was lower than the 74% in the daily 400 pg group (58). Another
study with 331 young women (average age 18) showed that weekly
2,800 pg doses raised RBC folate levels more than 400 pg or no
supplementation (59). Women in the 2,800 pg group were also
seven times more likely to reach protective folate levels (RR = 7.3,
95% CI: 3.9-13.7) (59).

Educational campaigns about folic acid
supplementation

Many women do not get enough folic acid due to a lack of
awareness about its role in preventing NTDs. Prenatal counseling can
help those planning pregnancies but is often overlooked (60, 61). Most
women learn they are pregnant around 5 weeks, but by then, it’s too
late to start taking folic acid since the neural tube closes within
4 weeks (61). From 2010 to 2014, 44% of pregnancies worldwide were
unplanned, with even fewer planned in teens and women in LMICs,
with limited information (61). In 2015, a Safe food campaign increased
awareness of folic acid from 27.5 to 60% and supplement use in
women not planning pregnancy from 13 to 17% (62).

Awareness campaigns about taking folic acid during pregnancy
have been successful (62). However, supplement use is still low, even
among women planning pregnancies (63). A study conducted in the
US. and Canada found that only 13% of women with planned
pregnancies used folic acid before conception, despite 60% planning
their pregnancies (63). Similarly, high-income countries show gaps in
usage: 3%/77% in the UK, 14%/76% in Denmark, and 31%/80% in
Norway (64-66). Barriers include young age, ethnicity, and low
socioeconomic status (67). Campaigns relying on printed materials or
media had limited long-term impact, but healthcare-based efforts
could work if supplements are accessible, especially for vulnerable
women (67).

In evolving and high-income countries such as the United States
and Canada, the prevalence of neural tube defects (NTDs) reduced
after introducing a mandatory folic acid fortification policy in the late
1990s led to substantial declines in reported reductions, for example
in the United States the prevalence was 19-32% and up to 46% in
Canada (31, 48). Case reductions post-fortification were observed in
Costa Rica and Chile, achieving 35-49% (34) as shown in Figure 1.
The difference in program implementation justifies the suggested
regional variation in program coverage, population-level adherence,
or baseline folate deficiency. The Saudi government implemented both
food fortification and supplementation campaigns, resulting in a
decrease from 1.5 to 1.0 per 1,000 live births between 2000 and 2020
(23, 24).
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FIGURE 1
Percentage reduction in neural tube defect (NTD) prevalence following folic acid fortification across various countries.

Health interventions and strategies for
prevention: a focus on Saudi Arabia

Various health interventions have been introduced worldwide and
in Saudi Arabia to prevent NTDs, including ultrasound, prenatal
screening, and adding 400 g of folic acid to the daily diet, which has
greatly reduced NTDs in newborns (68-71). However, the recent decline
in NTD rates in Saudi Arabia is thought to be due to several different
factors (70). A key factor in reducing NTDs in Saudi Arabia is widespread
folic acid supplementation among women of reproductive age (70).
Additionally, fortification programs have shown significant reductions
in NTD rates (70). The country’s young population also helps, as women
under 25 are generally at a lower risk of having babies with NTDs
compared to women over 35 (71). Mothers under 25 years face a slightly
increased risk of NTDs due to behavioral factors or modifiable
nutritional not biological age. These factors include low folic acid intake,
unplanned pregnancies, inadequate diets, and micronutrient deficiencies,
e.g., iron and vitamin B12. Further Socioeconomic challenges, education,
and limited healthcare access compound these risks (22, 72-74), while
women over 35 have a higher risk of NTDs due to age-related metabolic
instability and comorbidities like obesity and diabetes (73). Represented
by the MOH, the government of Saudi Arabia has worked through the
years on several initiatives to prevent NTDs, as illustrated in the timeline
summary in Table 2 (75-83). The Saudi Ministry of Health (MoH) has
worked hard to raise awareness about folic acid supplementation. Their
website provides clear guidelines on daily folic acid intake: 400 pg for
normal-risk women before and during pregnancy (up to 12 weeks) and
5 mg for high-risk women (such as those on antiepileptic or antidiabetic
drugs, or with a history of neural tube defects). A study by Alreshidi et al.
found that 67.5% of pregnant women in Saudi Arabia received
information on folic acid from their healthcare provider, and 80.1% were
aware that it prevents NTDs (84). The MOH has also introduced prenatal
ultrasound screening and a strategy to fortify specific foods with folic
acid (77, 85). Genetic counseling is offered to couples, given the regions
high rates of consanguinity (75). Additionally, regular training for
healthcare workers helps improve their ability to diagnose and manage
NTDs (86).
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Screening initiatives for neural tube defects
(NTDs) and their importance in Saudi Arabia

The screening for NTDs serves multiple crucial purposes.
Primarily, early detection, especially of severe NTDs like anencephaly,
furnishes healthcare professionals with the requisite knowledge to
preempt potential complications during childbirth and the
subsequent postnatal period, thereby enhancing the prognosis (87,
88). Furthermore, an early diagnosis in the gestation period equips
expectant parents with the autonomy to make informed decisions
(88). This could pertain to possible medical interventions or, more
profoundly, considerations related to the prospective quality of life
for the child (88). In a broader context, these screening programs
offer a treasure trove of data. Such data aids researchers in delving
deeper into the prevalence of NTDs, postulating potential etiological
factors, and gauging the efficacy of preventive measures, like folic
acid supplementation (89). From a fiscal standpoint, these screenings,
when systematized, can prove to be cost-effective for the healthcare
system (90). The ability to detect severe NTDs early can mitigate the
substantial costs associated with extended hospital stays and complex
surgical procedures (90). Congenital anomalies, particularly spinal
cord anomalies like cystic dilatation of the ventriculus terminalis
(CDVT), usually remain undiagnosed until later in adulthood.
Emerging classifications underscore that most cases do not require
surgical intervention, reinforcing the importance of ongoing clinical
monitoring over immediate intervention or treatment (91).

Complexity and regulatory insufficiencies in
screening measures for neural tube defects
research in Saudi Arabia

Saudi Arabia operates two national screening initiatives primarily
overseen by the Saudi Ministry of Health and various other
government healthcare establishments (92). These programs consist
of the premarital screening program and the National Newborn
Screening Program (92). These initiatives have been implemented
throughout the country, including detailed guidelines specifying the
groups to be screened, the screening test locations, and the screening
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TABLE 2 Prevent neural tube defects (NTDs) National Health Interventions in Saudi Arabia.

Intervention/Status Action implemented

Folic acid fortification/mandatory = Wheat flour fortified with folic

acid to reduce NTD risk

Implementing Body

Saudi Food and Drug Authority (SFDA) (1) 2001

Year Initiated  Impact

NTD incidence dropped
from 1.9 to 0.76 per 1,000
live births (2, 3)

Premarital screening program/ Mandatory premarital screening

mandatory for thalassemia and sickle cell

anemia, which often co-exist with

Ministry of Health (MoH) (4) 2004

200,000 couples are
screened annually, and the

test prevents high-risk

testing) for early antenatal care

the risk of NTD. marriages (5, 6)
Maternal health education Nationwide campaigns promote MoH and regional health authorities [the Ongoing Improved public awareness
campaigns folic acid intake before and during | Saudi Health Council (7), the Public Health )
early pregnancy. Authority (Wegaya) (8), and the Saudi Food
and Drug Authority (SFDA) (1)]
NTD risk screening for antenatal Ultrasound and AFP (biochemical | Primary Healthcare Centers at MoH 2010 Allows early prevention

and intervention planning

(10)

procedures. It is worth mentioning that both programs primarily
focus on identifying genetic disorders (93). They either aim to
identify individuals who are carriers of these disorders or those who
are affected by them before they get married, or they work to detect
affected newborns in their early stages (85). Dealing with the
distinctive ethical dilemmas linked to screening measures and
NTD-related research requires the involvement of experts to ensure
appropriate oversight. In this context, the continued prenatal
management of NTDs places parents in the challenging position of
deciding whether to undergo fetal karyotyping and whether to
proceed with or terminate the pregnancy (86). These decisions can
give rise to significant ethical dilemmas, as they involve complex
considerations related to the potential outcomes, personal values,
cultural beliefs, and medical options, all of which must be carefully
weighed to make informed choices. In the Saudi Arabian context,
these ethical complexities surrounding Neural Tube Defects (NTDs)
and prenatal screening are further heightened due to the presence of
deeply ingrained socio-cultural norms and religious beliefs.
Saudi Arabia’s society is deeply rooted in Islamic values, where
healthcare practices are often intertwined with religious and cultural
considerations. Decisions regarding prenatal screening, fetal
karyotyping, and the continuation or termination of a pregnancy are
not only influenced by medical factors but also by the ethical and
moral principles dictated by Islamic teachings (87). This intersection
of medical science, culture, and religion presents a unique set of
challenges as individuals and families navigate the ethical dimensions
of these decisions while adhering to their faith and cultural traditions.
Moreover, within the Saudi healthcare system, existing ethical review
boards predominantly adhere to a generalized scope of ethical
oversight (87). These review boards evaluate the ethical aspects of
medical research and healthcare practices (87). However, given the
specialized nature of research domains such as screening measures
and NTDs, this generalized approach may fall short of providing the
nuanced scrutiny necessary to address the unique ethical
considerations associated with these fields (87). In alignment with
international ethical frameworks, the World Health Assembly is
lobbying efforts to standardize screening frameworks for congenital
anomalies, including NTDs. These efforts aim to promote global
equity in access to screening and ensure ethical oversight in
regulatory practices (94).
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As a result, there is a growing need for developing specialized
ethical guidelines and oversight mechanisms that specifically cater to
the intricacies of NTD-related research and prenatal screening within
the Saudi healthcare context. This would ensure that ethical decisions
align with international standards and the cultural and religious values
deeply embedded in Saudi society. The best solution is to ensure women
of reproductive age get enough folic acid in a timely, effective, fair, and
affordable way. Large-scale food fortification can accomplish all of these.

Alignment with global ethical standards and the
international federation for spina bifida and
hydrocephalus

An important ethical consideration in screening is aligning
national regulations with global best practices. International guidelines
like the Belmont Report, CIOMS, and the Helsinki Declaration provide
frameworks for responsible research involving humans. The
International Federation has also called for global action to reduce
Neural Tube Defects (NTDs) and improve the rights of those with
Spina Bifida and Hydrocephalus (SBH). However, preventing NTDs
should not replace efforts to create inclusive societies for people with
SBH. Funds for inclusion and accessibility should not be used for
prevention programs. Prevention efforts must be designed carefully to
avoid stigmatizing people with NTDs. Saudi Arabia, which ratified the
UN Convention on the Rights of Persons with Disabilities (UNCRPD),
must ensure that its NTD prevention policies respect the rights of
people with SBH. Aligning with international ethical standards will
improve the credibility and success of international partnerships,
especially in multi-center studies on NTDs (95, 96).

Regulatory gaps in screening measures
legislation

A glaring oversight in Saudi Arabia’s regulatory setting regarding
screening measures for NTD research is the lack of comprehensive,
specialized legislation. Despite significant advancements in healthcare
and research-related legal frameworks, Saudi Arabian law requires
updated provisions tailored to the complex nuances of screening
measures and NTDs. Unlike more established areas of medical
research, such as oncology, where guidelines are relatively mature,
screening measures in the context of NTDs suffer from a noticeable
absence of codified legal standards governing informed consent, data
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privacy, and biological sample ownership (77). Legislation should
be developed and enforced by the Saudi Health Council (SHC, 2025),
in collaboration with the National Committee of Bioethics (NCBE),
the Public Health Authority (PHA, 2025), and the Saudi Food and
Drug Authority (SFDA, 2025). To safeguard culturally appropriate,
ethical, and legal principles, these institutions are best positioned to
ensure alignment with international standards (99).

Conclusion

Neural tube defects (NTDs) are serious birth defects that impact the
brain and spinal cord’s development. They can be caused by several
factors, with a lack of folic acid being the most well-known risk factor.
Other factors include nutrition, genetics, maternal age, health
conditions, environmental influences, toxins, medications, and
socioeconomic status. The Kingdom of Saudi Arabia has implemented
a comprehensive food fortification program that provides multiple
dietary sources of supplemental folic acid and has recognized the
importance of screening for NTDs. In 2019, the Ministry of Health
launched a national screening program for NTDs. The program is
offered to all pregnant women, and it includes a blood test and an
ultrasound scan. The screening program has been successful in
identifying NTDs early on. This has allowed for early intervention,
which can improve the health outcomes for affected babies. However,
there is still room for improvement. The screening program is not yet
available in all parts of the country, and some women are not aware of
it. The Saudi government needs to continue investing in screening
programs and raising awareness about NTDs. By doing so, the country
can help to prevent these serious birth defects and improve the health of
its citizens. In conclusion, strategically implementing folic acid
supplementation starting 1 month prior to a planned pregnancy and
continuing through the first trimester is crucial, as this proven preventive
measure can significantly reduce the incidence of neural tube defects.
Additionally, the strategic implementation of screening initiatives for
NTDs is pivotal in diminishing associated morbidity and mortality,
thereby fostering an enhanced quality of life for affected individuals.
Saudi Arabias comprehensive approach, which integrates early
detection, public awareness, and preventive interventions, demonstrates
its strong commitment to advancing maternal and child health.

Author contributions

MA: Conceptualization, Methodology, Project administration,
Supervision, Writing - original draft, Writing - review & editing. WH:
Conceptualization, Investigation, Methodology, Resources, Validation,
Visualization, Writing - review & editing. AD: Conceptualization, Data

References

1. Wallingford JB, Niswander LA, Shaw GM, Finnell RH. The continuing challenge of
understanding, preventing, and treating neural tube defects. Science. (2013)
339:1222002. doi: 10.1126/science.1222002

2. Hamamy HA. Epidemiological profile of neural tube defects in Arab
countries.  Middle East ] Med  Genet. (2014) 3:1-10. doi:
10.1097/01.MXE.0000438175.24428.e1

3. Bassuk AG, Kibar Z. Genetic basis of neural tube defects. Semin Pediatr Neurol.
(2009) 16:101-10. doi: 10.1016/j.spen.2009.06.001

Frontiers in Public Health

10.3389/fpubh.2025.1507446

curation, Formal Analysis, Investigation, Methodology, Resources,
Software, Validation, Writing - original draft. SA: Conceptualization,
Data curation, Investigation, Methodology, Resources, Visualization,
Writing - original draft. ZA: Methodology, Writing — original draft,
Writing - review & editing. NAls: Conceptualization, Data curation,
Investigation, Methodology, Resources, Visualization, Writing -
original draft. CJ: Conceptualization, Data curation, Investigation,
Methodology, Resources, Software, Writing - original draft, Formal
Analysis. KA: Conceptualization, Data curation, Investigation,
Methodology, Project administration, Resources, Supervision,
Validation, Visualization, Writing — original draft, Writing - review &
Data
Investigation, Methodology, Project administration, Resources,

editing, Software. NAlh: Conceptualization, curation,
Supervision, Validation, Visualization, Writing - original draft,

Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

4. Copp AJ, Greene ND. Genetics and development of neural tube defects. J Pathol.
(2010) 220:217-30. doi: 10.1002/path.2643

5. Addisu Y, Wassie GT. Patterns and short term neurosurgical treatment outcomes
of neonates with neural tube defects admitted to Felege Hiwot specialized hospital, Bahir
Dar, Ethiopia. BMC Pediatr. (2024) 24:350. doi: 10.1186/s12887-024-04837-5

6. Paschereit F, Schindelmann KH, Hummel M, Schneider J, Stoltenburg-Didinger G,
Kaindl AM. Cerebral abnormalities in spina bifida: a neuropathological study. Pediatr
Dev Pathol. (2022) 25:107-23. doi: 10.1177/10935266211040500

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1507446
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1126/science.1222002
https://doi.org/10.1097/01.MXE.0000438175.24428.e1
https://doi.org/10.1016/j.spen.2009.06.001
https://doi.org/10.1002/path.2643
https://doi.org/10.1186/s12887-024-04837-5
https://doi.org/10.1177/10935266211040500

AlEissa et al.

7. Martinez H, Benavides-Lara A, Arynchyna-Smith A, Ghotme KA, Arabi M,
Arynchyn A. Global strategies for the prevention of neural tube defects through the
improvement of folate status in women of reproductive age. Childs Nerv Syst. (2023)
39:1719-36. doi: 10.1007/s00381-023-05913-4

8. Zhao T, McMahon M, Reynolds K, Saha SK, Stokes A, Zhou CJ. The role of Lrp6-
mediated Wnt/p- catenin signaling in the development and intervention of spinal neural
tube defects in mice. Dis Model Mech. (2022) 15:dmm049517. doi: 10.1242/dmm.049517

9. Podgorski R, Stompor M, Kubrak T, Podgoérska D. Neural tube defects: risk factors
and prevention. Eur ] Clin Experiment Med. (2017) 15:151-6. doi:
10.15584/ejcem.2017.2.9

10. Cordero AM, Crider KS, Rogers LM, Cannon M]J, Berry R]. Optimal serum and
red blood cell folate concentrations in women of reproductive age for prevention of
neural tube defects: World Health Organization guidelines. MMWR Morb Mortal Wkly
Rep.  (2015) 64:421-3.  Available at:  https://www.who.int/publications/i/
item/9789241549042

11. Castillo-Lancellotti C, Tur JA, Uauy R. Impact of folic acid fortification of flour on
neural tube defects: a systematic review. Public Health Nutr. (2013) 16:901-11. doi:
10.1017/51368980012003576

12. Li K, Wahlqvist ML, Li D. Nutrition, one-carbon metabolism and neural tube
defects: a review. Nutrients. (2016) 8:741-52. doi: 10.3390/nu8110741

13. Dewelle WK, Melka DS, Aklilu AT, Gebremariam MY, Alemayehu MA,
Alemayehu DH, et al. Polymorphisms in maternal selected folate metabolism-related
genes in neural tube defect-affected pregnancy. Adv Biomed Res. (2023) 12:160. doi:
10.4103/abr.abr_103_22

14. Taparia S, Gelineau-van Waes J, Rosenquist TH, Finnell RH. Importance of folate-
homocysteine homeostasis during early embryonic development. Clin Chem Lab Med.
(2007) 45:1717-27. doi: 10.1515/CCLM.2007.345

15. Bitew ZW, Worku T, Alebel A, Alemu A. Magnitude and associated factors of
neural tube defects in Ethiopia: a systematic review and meta-analysis. Glob Pediatr
Health. (2020) 7:2333794x20939423. doi: 10.1177/2333794X20939423

16.Jia S, Wei X, Ma L, Wang Y, Gu H, Liu D, et al. Maternal, paternal, and neonatal
risk factors for neural tube defects: a systematic review and meta-analysis. Int ] Dev
Neurosci. (2019) 78:227-35. doi: 10.1016/j.ijdevnen.2019.09.006

17. Flores AL, Vellozzi C, Valencia D, Sniezek J. Global burden of neural tube defects,
risk factors, and prevention. Indian ] Community Health. (2014) 26:3-5. doi:
10.1002/bdra.23100

18. Mitchell LE. Epidemiology of neural tube defects. Am ] Med Genet C Semin Med
Genet. (2005) 35¢:88-94. doi: 10.1002/ajmg.c.30057

19. Crider KS, Zhu JH, Hao L, Yang QH, Yang TP, Gindler J, et al. MTHFR 677C->T
genotype is associated with folate and homocysteine concentrations in a large,
population-based, double-blind trial of folic acid supplementation. Am J Clin Nutr.
(2011) 93:1365-72. doi: 10.3945/ajcn.110.004671

20. Bailey LB, Hausman DB. Folate status in women of reproductive age as basis of
neural tube defect risk assessment. Ann N Y Acad Sci. (2018) 1414:82-95. doi:
10.1111/nyas.13511

21. Rogers LM, Cordero AM, Pfeiffer CM, Hausman DB, Tsang BL, De-Regil LM, et al.
Global folate status in women of reproductive age: a systematic review with emphasis
on methodological issues. Ann N'Y Acad Sci. (2018) 1431:35-57. doi: 10.1111/nyas.13963

22. Blencowe H, Kancherla V, Moorthie S, Darlison MW, Modell B. Estimates of global
and regional prevalence of neural tube defects for 2015: a systematic analysis. Ann N'Y
Acad Sci. (2018) 1414:31-46. doi: 10.1111/nyas.13548

23. Eltyeb EE, Halawi MHA, Tashari TBM, Alharbi K, Alsayari OS, Albarrak DA, et al.
Prevalence and pattern of birth defects in Saudi Arabia: a systematic review of
observational studies. Pediatr Rep. (2023) 15:431-41. doi: 10.3390/pediatric15030040

24. AlShail E, De Vol E, Yassen A, Elgamal EA. Epidemiology of neural tube defects
in Saudi Arabia. Saudi Med J. (2014) 35:568-71. Available at: https://pmc.ncbi.nlm.nih.
gov/articles/PMC4362098/

25. Asindi A, Al-Shehri A. Neural tube defects in the Asir region of Saudi Arabia. Ann
Saudi Med. (2001) 21:26-9. doi: 10.5144/0256-4947.2001.26

26. Salih MA, Murshid WR, Mohamed AG, Ignacio LC, de Jesus JE, Baabbad R, et al.
Risk factors for neural tube defects in Riyadh City, Saudi Arabia: case-control study.
Sudan ] Paediatr. (2014) 14:49-60. Available at: https://pmc.ncbi.nlm.nih.gov/articles/
PMC4949798/

27. Rofail D, Colligs A, Abetz L, Lindemann M, Maguire L. Factors contributing to
the success of folic acid public health campaigns. J Public Health (Oxf). (2012) 34:90-9.
doi: 10.1093/pubmed/fdr048

28.Yi Y, Lindemann M, Colligs A, Snowball C. Economic burden of neural tube
defects and impact of prevention with folic acid: a literature review. Eur ] Pediatr. (2011)
170:1391-400. doi: 10.1007/s00431-011-1492-8

29. Cui M, Lu X-L, Lyu Y-Y, Wang E Xie X-L, Cheng X-Y, et al. Knowledge and intake
of folic acid to prevent neural tube defects among pregnant women in urban China: a
cross-sectional  study. BMC  Pregnancy  Childbirth. (2021) 21:432.  doi:
10.1186/512884-021-03893-4

30. Zaganjor I, Sekkarie A, Tsang BL, Williams J, Razzaghi H, Mulinare J, et al.
Describing the prevalence of neural tube defects worldwide: a systematic literature
review. PLoS One. (2016) 11:¢0151586. doi: 10.1371/journal.pone.0151586

Frontiers in Public Health

10.3389/fpubh.2025.1507446

31. Shlobin NA, LoPresti MA, Du RY, Lam S. Folate fortification and supplementation
in prevention of folate-sensitive neural tube defects: a systematic review of policy. J
Neurosurg Pediatr. (2021) 27:294-310. doi: 10.3171/2020.7.PEDS20442

32.Rodrigues V, Silva E, Santos L. Cost-effectiveness of mandatory folic acid
fortification of flours in prevention of neural tube defects: a systematic review. PLoS One.
(2021) 16:€0258488. doi: 10.1371/journal.pone.0258488

33. Organization WH. Accelerating efforts for preventing micronutrient deficiencies
and their consequences, including spina bifida and other neural tube defects, through
safe and effective food fortification Executive Board, World Health Organization
(WHO) (2023). Available at: https://apps.who.int/gb/ebwha/pdf_filess WHA76/A76_
R19-en.pdf

34.Keats EC, Neufeld LM, Garrett GS, Mbuya MNN, Bhutta ZA. Improved
micronutrient status and health outcomes in low- and middle-income countries
following large-scale fortification: evidence from a systematic review and meta-analysis.
Am J Clin Nutr. (2019) 109:1696-708. doi: 10.1093/ajcn/nqz023

35. Martinez H, Pachon H, Kancherla V, Oakley GP. Food fortification with folic acid
for prevention of spina bifida and anencephaly: the need for a paradigm shift in evidence
evaluation for policy- making. Am ] Epidemiol. (2021) 190:1972-6. doi:
10.1093/aje/kwab061

36. Calvo EB, Biglieri A. Impact of folic acid fortification on women's nutritional
status and on the prevalence of neural tube defects. Arch Argent Pediatr. (2008)
106:492-8. doi: 10.1590/S0325-00752008000600004

37. Barboza-Argiiello ML, Umana-Solis LM, Azofeifa A, Valencia D, Flores AL,
Rodriguez-Aguilar S, et al. Neural tube defects in Costa Rica, 1987-2012: origins and
development of birth defect surveillance and folic acid fortification. Matern Child Health
J. (2015) 19:583-90. doi: 10.1007/s10995-014-1542-8

38. Barboza Argiiello ML, Umana Solis LM. Impact of the fortification of food with
folic acid on neural tube defects in Costa Rica. Rev Panam Salud Publica. (2011) 30:1-6.
available at: https://pubmed.ncbi.nlm.nih.gov/22159644/

39.Santos LM, Lecca RC, Cortez-Escalante JJ, Sanchez MN, Rodrigues HG.
Prevention of neural tube defects by the fortification of flour with folic acid: a
population-based retrospective study in Brazil. Bull World Health Organ. (2016) 94:22-9.
doi: 10.2471/BLT.14.151365

40. Rosenthal ], Casas J, Taren D, Alverson CJ, Flores A, Frias J. Neural tube defects in
Latin America and the impact of fortification: a literature review. Public Health Nutr.
(2014) 17:537-50. doi: 10.1017/51368980013000256

41. Abdollahi Z, Elmadfa I, Djazayery A, Golalipour M]J, Sadighi J, Salehi F, et al.
Efficacy of flour fortification with folic acid in women of childbearing age in Iran. Ann
Nutr Metab. (2011) 58:188-96. doi: 10.1159/000329726

42. Sayed AR, Bourne D, Pattinson R, Nixon J, Henderson B. Decline in the prevalence
of neural tube defects following folic acid fortification and its cost-benefit in South Africa.
Birth Defects Res A Clin Mol Teratol. (2008) 82:211-6. doi: 10.1002/bdra.20442

43. Engle-Stone R, Nankap M, Ndjebayi AO, Allen LH, Shahab-Ferdows S, Hampel
D, et al. Iron, zing, folate, and vitamin B-12 status increased among women and children
in Yaoundé and Douala, Cameroon, 1 year after introducing fortified wheat flour. ] Nutr.
(2017) 147:1426-36. doi: 10.3945/jn.116.245076

44. Wang H, De Steur H, Chen G, Zhang X, Pei L, Gellynck X, et al. Effectiveness of
folic acid fortified flour for prevention of neural tube defects in a high risk region.
Nutrients. (2016) 8:152. doi: 10.3390/nu8030152

45.Hilder L. Neural tube defects in Australia 2007-2011. National Perinatal
Epidemiology and Statistics Unit, Sydney: University of. New South Wales (2016).
Available at: https://www.unsw.edu.au/content/dam/pdfs/medicine-health/npesu/
research-reports/2023-12-npesu/2024-01-NTD-Australia-0711_1.pdf

46. Brown RD, Langshaw MR, Uhr EJ, Gibson JN, Joshua DE. The impact of
mandatory fortification of flour with folic acid on the blood folate levels of an Australian
population. Med J Aust. (2011) 194:65-7. doi: 10.5694/j.1326-5377.2011.tb04169.x

47. Racial/ethnic differences in the birth prevalence of spina bifida - United States,
1995-2005. MMWR Morb Mortal Wkly Rep. (2009) 57:1409-13. Available at: https://
www.cdc.gov/mmwr/preview/mmwrhtml/mmb5753a2.htm

48. Atta CA, Fiest KM, Frolkis AD, Jette N, Pringsheim T, St Germaine-Smith C, et al.
Global birth prevalence of spina bifida by folic acid fortification status: a systematic
review and meta-analysis. Am ] Public Health. (2016) 106:¢24-34. doi: 10.2105/
AJPH.2015.302902

49.Use of folic acid for prevention of spina bifida and other neural tube
defects--1983-1991. MMWR Morb Mortal Wkly Rep. (1991) 40:513-6. doi: 10.1001/
jama.1991.03470090024009

50. Bibbins-Domingo K, Grossman DC, Curry SJ, Davidson KW, Epling JW Jr, Garcia
FA, et al. Folic acid supplementation for the prevention of neural tube defects: US
preventive services task force recommendation statement. JAMA. (2017) 317:183-9. doi:
10.1001/jama.2016.19438

51. Grosse SD, Collins JS. Folic acid supplementation and neural tube defect
recurrence prevention. Birth Defects Res A Clin Mol Teratol. (2007) 79:737-42. doi:
10.1002/bdra.20394

52. Kancherla V, Botto LD, Rowe LA, Shlobin NA, Caceres A, Arynchyna-Smith A,
et al. Preventing birth defects, saving lives, and promoting health equity: an urgent call
to action for universal mandatory food fortification with folic acid. Lancet Glob Health.
(2022) 10:e1053-7. doi: 10.1016/S2214-109X(22)00213-3

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1507446
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1007/s00381-023-05913-4
https://doi.org/10.1242/dmm.049517
https://doi.org/10.15584/ejcem.2017.2.9
https://www.who.int/publications/i/item/9789241549042
https://www.who.int/publications/i/item/9789241549042
https://doi.org/10.1017/S1368980012003576
https://doi.org/10.3390/nu8110741
https://doi.org/10.4103/abr.abr_103_22
https://doi.org/10.1515/CCLM.2007.345
https://doi.org/10.1177/2333794X20939423
https://doi.org/10.1016/j.ijdevneu.2019.09.006
https://doi.org/10.1002/bdra.23100
https://doi.org/10.1002/ajmg.c.30057
https://doi.org/10.3945/ajcn.110.004671
https://doi.org/10.1111/nyas.13511
https://doi.org/10.1111/nyas.13963
https://doi.org/10.1111/nyas.13548
https://doi.org/10.3390/pediatric15030040
https://pmc.ncbi.nlm.nih.gov/articles/PMC4362098/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4362098/
https://doi.org/10.5144/0256-4947.2001.26
https://pmc.ncbi.nlm.nih.gov/articles/PMC4949798/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4949798/
https://doi.org/10.1093/pubmed/fdr048
https://doi.org/10.1007/s00431-011-1492-8
https://doi.org/10.1186/s12884-021-03893-4
https://doi.org/10.1371/journal.pone.0151586
https://doi.org/10.3171/2020.7.PEDS20442
https://doi.org/10.1371/journal.pone.0258488
https://apps.who.int/gb/ebwha/pdf_files/WHA76/A76_R19-en.pdf
https://apps.who.int/gb/ebwha/pdf_files/WHA76/A76_R19-en.pdf
https://doi.org/10.1093/ajcn/nqz023
https://doi.org/10.1093/aje/kwab061
https://doi.org/10.1590/S0325-00752008000600004
https://doi.org/10.1007/s10995-014-1542-8
https://pubmed.ncbi.nlm.nih.gov/22159644/
https://doi.org/10.2471/BLT.14.151365
https://doi.org/10.1017/S1368980013000256
https://doi.org/10.1159/000329726
https://doi.org/10.1002/bdra.20442
https://doi.org/10.3945/jn.116.245076
https://doi.org/10.3390/nu8030152
https://www.unsw.edu.au/content/dam/pdfs/medicine-health/npesu/research-reports/2023-12-npesu/2024-01-NTD-Australia-0711_1.pdf
https://www.unsw.edu.au/content/dam/pdfs/medicine-health/npesu/research-reports/2023-12-npesu/2024-01-NTD-Australia-0711_1.pdf
https://doi.org/10.5694/j.1326-5377.2011.tb04169.x
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm5753a2.htm
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm5753a2.htm
https://doi.org/10.2105/AJPH.2015.302902
https://doi.org/10.2105/AJPH.2015.302902
https://doi.org/10.1001/jama.1991.03470090024009
https://doi.org/10.1001/jama.1991.03470090024009
https://doi.org/10.1001/jama.2016.19438
https://doi.org/10.1002/bdra.20394
https://doi.org/10.1016/S2214-109X(22)00213-3

AlEissa et al.

53. Bearak J, Popinchalk A, Ganatra B, Moller AB, Tungalp O, Beavin C, et al.
Unintended pregnancy and abortion by income, region, and the legal status of abortion:
estimates from a comprehensive model for 1990-2019. Lancet Glob Health. (2020)
8:e1152-61. doi: 10.1016/S2214-109X(20)30315-6

54. Elsinga J, van der Pal-de Bruin K, le Cessie S, de Jong-Potjer L, Verloove-Vanhorick
S, Assendelft W. Preconception counselling initiated by general practitioners in the
Netherlands: reaching couples contemplating pregnancy [ISRCTN53942912]. BMC Fam
Pract. (2006) 7:41. doi: 10.1186/1471-2296-7-41

55. Czeizel AE. The primary prevention of birth defects: multivitamins or folic acid?
Int ] Med Sci. (2004) 1:50-61. doi: 10.7150/ijms.1.50

56. Toriello HV. Policy statement on folic acid and neural tube defects. Genet Med.
(2011) 13:593-6. doi: 10.1097/GIM.0b013e31821d4188

57.ACOG practice bulletin: clinical management guidelines for obstetrician-
gynecologists number 92, April 2008 (replaces practice bulletin number 87, November
2007) use of psychiatric medications during pregnancy and lactation. Obstet Gynecol.
(2008) 111:1001-20.

58. Norsworthy B, Skeaff CM, Adank C, Green T]J. Effects of once-a-week or daily folic
acid supplementation on red blood cell folate concentrations in women. Eur J Clin Nutr.
(2004) 58:548-54. doi: 10.1038/sj.ejcn.1601843

59. Samson KLI, Loh SP, Lee SS, Sulistyoningrum DC, Khor GL, Shariff ZBM, et al.
Weekly iron-folic acid supplements containing 2.8 mg folic acid are associated with a
lower risk of neural tube defects than the current practice of 0.4 mg: a randomised
controlled trial in Malaysia. BMJ Glob Health. (2020) 5. doi: 10.1136/bmjgh-2020-003897

60. Lolowa AM, Selim N, Alkuwari M, Salem Ismail M. Knowledge and intake of folic
acid among teachers of childbearing age in the State of Qatar: a cross-sectional study.
BM]J Open. (2019) 9:¢025005. doi: 10.1136/bmjopen-2018-025005

61. Bearak J, Popinchalk A, Alkema L, Sedgh G. Global, regional, and subregional
trends in unintended pregnancy and its outcomes from 1990 to 2014: estimates from a
Bayesian hierarchical model. Lancet Glob Health. (2018) 6:€380-9. doi:
10.1016/52214-109X(18)30029-9

62. Committee tDoHFAP Folic acid supplementation. Folic acid supplementation:
Department of Health Folic Acid Policy Committee [internet] (2019) 1-9. Available
online at: https://wwwgovie/en/organisation/department-othealth/?referrer=https://
wwwgovie/health/ (Accessed 02-03-2025).

63. Werler MM, Shapiro S, Mitchell AA. Periconceptional folic acid exposure and risk
of occurrent neural tube defects. JAMA. (1993) 269:1257-61. doi:
10.1001/jama.1993.03500100055027

64. Sengpiel V, Bacelis ], Myhre R, Myking S, Pay AD, Haugen M, et al. Folic acid
supplementation, dietary folate intake during pregnancy and risk for spontaneous
preterm delivery: a prospective observational cohort study. BMC Pregnancy Childbirth.
(2013) 13:160. doi: 10.1186/1471-2393-13-160

65. Knudsen VK, Orozova-Bekkevold I, Rasmussen LB, Mikkelsen TB, Michaelsen
KE Olsen SE Low compliance with recommendations on folic acid use in relation to
pregnancy: is there a need for fortification? Public Health Nutr. (2004) 7:843-50. doi:
10.1079/PHN2004630

66. Inskip HM, Crozier SR, Godfrey KM, Borland SE, Cooper C, Robinson SM.
Women's compliance with nutrition and lifestyle reccommendations before pregnancy:
general population cohort study. BMJ. (2009) 338:b481. doi: 10.1136/bmj.b481

67. Allen L. Guidelines on food fortification with micronutrients World Health
Organization (2006). Available at: https://www.who.int/publications/i/item/9241594012

68.Pi X, Wang C, Wang D, Yin S, Jin L, Li Z, et al. Prenatal exposure to silver is
associated with an elevated risk for neural tube defects: a case-control study. Environ Sci
Pollut Res Int. (2023) 30:28925-34. doi: 10.1007/s11356-022-24214-y

69. Huang W, Fu J, Yuan Z, Gu H. Impact of prenatal exposure to metallic elements
on neural tube defects: insights from human investigations. Ecotoxicol Environ Saf.
(2023) 255:114815. doi: 10.1016/j.ecoenv.2023.114815

70. Al-Mohaithef M, Alaslani H, Javed NB, Chandramohan S. Folic acid awareness
and usage among females at Saudi electronic University in Jeddah, Saudi Arabia. SAGE
Open Med. (2021) 9:20503121211059682. doi: 10.1177/20503121211059682

71. Al Arifi MN, Algahtani AM, Alotaibi AN, Babelghaith SD, Alwhaibi A, Alsanea S,
et al. Knowledge and practice of childbearing women in Saudi Arabia towards folic acid
supplement-evidence from a cross-sectional study. Nutrients. (2022) 14:357-65. doi:
10.3390/nu14020357

72. CDC. Folic acid: facts for clinicians [internet]. (2025). Available online at: https://
www.cdc.gov/folic-acid/hcp/clinical-overview/?CDC_AAref_Val=https://www.cdc.g

73. Mitchell LE, Adzick NS, Melchionne J, Pasquariello PS, Sutton LN, Whitehead AS.
Spina bifida. Lancet. (2004) 364:1885-95. doi: 10.1016/S0140-6736(04)17445-X

74. WHO. Adolescent pregnancy [Internet]. (2020). Available online at: https://iris.
who.int/bitstream/handle/10665/329883/WHO-RHR-19.15-eng.pdf?sequence=1

75. SFDA. Saudi food and drug authority. Available online at: https://www.sfda.gov.
sa/en (2025).

Frontiers in Public Health

09

10.3389/fpubh.2025.1507446

76. Safdar OY, Al-Dabbagh AA, Abuelieneen WA, Kari JA. Decline in the incidence
of neural tube defects after the national fortification of flour (1997-2005). Saudi Med J.
(2007) 28:1227-9. Available at: https://pubmed.ncbi.nlm.nih.gov/17676207/

77. Al Rakaf MS, Kurdi AM, Ammari AN, Al Hashem AM, Shoukri MM, Garne E,
et al. Patterns of folic acid use in pregnant Saudi women and prevalence of neural tube
defects - results from a nested case-control study. Prev Med Reports. (2015) 2:572-6. doi:
10.1016/j.pmedr.2015.06.016

78. Saudi Ministry of Health. Premarital screening. (2020). Available online at: https://
www.moh.gov.sa/en/HealthAwareness/Educational Content/PublicHealth/Pages/
PremaritalScreening.aspx (Accessed 3 August 2025).

79.Eissa M. M.Al, Almsned F, Alkharji R. R., Aldossary Y. M., Alqurashi R.
The perception of genetic diseases and premarital screening tests in the central
region of Saudi Arabia. BMC Public Health 1-15 (2024) doi:
10.1186/512889-024-19029-0

80. Memish ZA, Owaidah TM, Saeedi MY. Marked regional variations in the
prevalence of sickle cell disease and p-thalassemia in Saudi Arabia: findings from the
premarital screening and genetic counseling program. J Epidemiol Glob Health. (2011)
1:61-8. doi: 10.1016/j.jegh.2011.06.002

81.SHC. Vision and Mission. (2025). Available online at: https://shc.gov.sa/en/
AboutCouncil/Pages/Vision.aspx

82. PHA. About the public health authority. (2025). Available online at: https://www.
pha.gov.sa/en-us/Pages/default.aspx (Accessed 2, August 2025).

83. Al-Hakeem MM. Impact of education on knowledge and use of folic acid among
Saudi women. Pakistan ] Med Sci. (2012) 28:4-8. doi: 10.29063/ajrh2024/v28i12.18

84. Alreshidi FF, Almujil AS, Malak AS. Awareness of folic acid use among Saudi
women attending outpatient clinics at king Fahad Medical City. ] Family Med Prim Care.
(2018) 7:957-62. doi: 10.4103/jfmpc.jfmpc_174_18

85. Al-Akhfash AA, Abdulla AM, Osman AM, Abdulgafar JI, Almesned AA. Maternal
knowledge and use of folic acid among Saudi females. Saudi Med J. (2013) 34:1173-8.
doi: 10.9790/1959-0705021119

86. Hamamy HA, Masri AT, Al-Hadidy AM, Ajlouni KM. Consanguinity and genetic
disorders. Profile from Jordan. Saudi Med ]. (2007) 28:1015-7. Available at: https://
pubmed.ncbi.nlm.nih.gov/17603701/ (Accessed August 1, 2025).

87.Kancherla V. Neural tube defects: a review of global prevalence, causes, and
primary  prevention.  Childs ~ Nerv ~ Syst. ~ (2023)  39:1703-10.  doi:
10.1007/s00381-023-05910-7

88. Detrait ER, George TM, Etchevers HC, Gilbert JR, Vekemans M, Speer MC.
Human neural tube defects: developmental biology, epidemiology, and genetics.
Neurotoxicol Teratol. (2005) 27:515-24. doi: 10.1016/.ntt.2004.12.007

89. MRC Vitamin Study Research Group. Prevention of neural tube defects: results of
the Medical Research Council vitamin study. Lancet. (1991) 338:131-7. doi:
10.1016/0140-6736(91)90133-A

90. Petrou S, Sach T, Davidson L. The long-term costs of preterm birth and low birth
weight: results of a systematic review. Child Care Health Dev. (2001) 27:97-115. doi:
10.1046/j.1365-2214.2001.00203.x

91. Ganau M, Talacchi A, Cecchi PC, Ghimenton C, Gerosa M, Faccioli F. Cystic
dilation of the ventriculus terminalis. J Neurosurg Spine. (2012) 17:86-92. doi:
10.3171/2012.4.SPINE11504

92. Eissa MA, Aloraini T, Alsubaie L, Alswaid AF, Eyiad W, Mutairi FA, et al. Genetic
carrier screening for disorders included in newborn screening in the Saudi population.
] Biochem Clin Genetics. (2021). doi: 10.24911/jbcgenetics/183-1614266028

93. Aleissa M, Aloraini T, Alsubaie LF, Hassoun M, Abdulrahman G, Swaid A, et al.
Common disease- associated gene variants in a Saudi Arabian population. Ann Saudi
Med. (2022) 42:29-35. doi: 10.5144/0256-4947.2022.29

94. WATOA. International Federation for Spina Bifida and Hydrocephalus. (2024).

95. Hydrocephalus. A Call for a global action to reduce the prevalence of neural tube
defects worldwide. (2022)

96. Spjuth O, Krestyaninova M, Hastings J, Shen H-Y, Heikkinen ], Waldenberger M,
et al. Harmonising and linking biomedical and clinical data across disparate data
archives to enable integrative cross-biobank research. Eur ] Hum Genet. (2015) 24:521-8.
doi: 10.1038/ejhg.2015.165

97.Laws PJ, Sullivan EA. Australia’s mothers and babies 2007 AIHW National
Perinatal Statistics Unit (2009) Perinatal statistics series no 23.

98. Watanabe T. Neural tube defects and folic acid in Japan: prologue introduction -
understanding of the current status of Japan and the proposal from Japanese teratology
society. Congenit Anom (Kyoto). (2017) 57:128-9. doi: 10.1111/cga.12231

99. Abdelhafiz AS, Ahram M, Ibrahim ME, Elgamri A, Gamel E, Labib R, et al.
Biobanks in the low- and middle-income countries of the Arab Middle East region:
challenges, ethical issues, and governance arrangements—a qualitative study involving
biobank managers. BMC Med Ethics. (2022) 23:83. doi: 10.1186/s12910-022-00822-8

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1507446
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1016/S2214-109X(20)30315-6
https://doi.org/10.1186/1471-2296-7-41
https://doi.org/10.7150/ijms.1.50
https://doi.org/10.1097/GIM.0b013e31821d4188
https://doi.org/10.1038/sj.ejcn.1601843
https://doi.org/10.1136/bmjgh-2020-003897
https://doi.org/10.1136/bmjopen-2018-025005
https://doi.org/10.1016/S2214-109X(18)30029-9
https://wwwgovie/en/organisation/department-ofhealth/?referrer=https://wwwgovie/health/
https://wwwgovie/en/organisation/department-ofhealth/?referrer=https://wwwgovie/health/
https://doi.org/10.1001/jama.1993.03500100055027
https://doi.org/10.1186/1471-2393-13-160
https://doi.org/10.1079/PHN2004630
https://doi.org/10.1136/bmj.b481
https://www.who.int/publications/i/item/9241594012
https://doi.org/10.1007/s11356-022-24214-y
https://doi.org/10.1016/j.ecoenv.2023.114815
https://doi.org/10.1177/20503121211059682
https://doi.org/10.3390/nu14020357
https://www.cdc.gov/folic-acid/hcp/clinical-overview/?CDC_AAref_Val=https://www.cdc.g
https://www.cdc.gov/folic-acid/hcp/clinical-overview/?CDC_AAref_Val=https://www.cdc.g
https://doi.org/10.1016/S0140-6736(04)17445-X
https://iris.who.int/bitstream/handle/10665/329883/WHO-RHR-19.15-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/329883/WHO-RHR-19.15-eng.pdf?sequence=1
https://www.sfda.gov.sa/en
https://www.sfda.gov.sa/en
https://pubmed.ncbi.nlm.nih.gov/17676207/
https://doi.org/10.1016/j.pmedr.2015.06.016
https://www.moh.gov.sa/en/HealthAwareness/EducationalContent/PublicHealth/Pages/PremaritalScreening.aspx
https://www.moh.gov.sa/en/HealthAwareness/EducationalContent/PublicHealth/Pages/PremaritalScreening.aspx
https://www.moh.gov.sa/en/HealthAwareness/EducationalContent/PublicHealth/Pages/PremaritalScreening.aspx
https://doi.org/10.1186/s12889-024-19029-0
https://doi.org/10.1016/j.jegh.2011.06.002
https://shc.gov.sa/en/AboutCouncil/Pages/Vision.aspx
https://shc.gov.sa/en/AboutCouncil/Pages/Vision.aspx
https://www.pha.gov.sa/en-us/Pages/default.aspx
https://www.pha.gov.sa/en-us/Pages/default.aspx
https://doi.org/10.29063/ajrh2024/v28i12.18
https://doi.org/10.4103/jfmpc.jfmpc_174_18
https://doi.org/10.9790/1959-0705021119
https://pubmed.ncbi.nlm.nih.gov/17603701/
https://pubmed.ncbi.nlm.nih.gov/17603701/
https://doi.org/10.1007/s00381-023-05910-7
https://doi.org/10.1016/j.ntt.2004.12.007
https://doi.org/10.1016/0140-6736(91)90133-A
https://doi.org/10.1046/j.1365-2214.2001.00203.x
https://doi.org/10.3171/2012.4.SPINE11504
https://doi.org/10.24911/jbcgenetics/183-1614266028
https://doi.org/10.5144/0256-4947.2022.29
https://doi.org/10.1038/ejhg.2015.165
https://doi.org/10.1111/cga.12231
https://doi.org/10.1186/s12910-022-00822-8

	National strategies for screening neural tube defects in Saudi Arabia: activating prevention and early intervention
	Background
	Risk factors
	Method

	Results
	The impact of NTD on public health
	NTDs’ global and local burden on healthcare
	Folate status estimation
	Folate levels in women of childbearing age
	NTD’S prevalence
	Economic status
	Large-scale food fortification (LSFF)

	Discussion
	Health interventions and strategies for prevention
	Variation in diet
	Oral folic acid supplementation for periconceptional primary prevention
	Oral folic acid supplementation to prevent recurring issues before conception
	Weekly supplementation of folic acid
	Educational campaigns about folic acid supplementation
	Health interventions and strategies for prevention: a focus on Saudi Arabia
	Screening initiatives for neural tube defects (NTDs) and their importance in Saudi Arabia
	Complexity and regulatory insufficiencies in screening measures for neural tube defects research in Saudi Arabia
	Alignment with global ethical standards and the international federation for spina bifida and hydrocephalus
	Regulatory gaps in screening measures legislation

	Conclusion

	References

