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Abstract

Neural tube defectdNTDs) are birth defects that occur in the brain and spinal cord
resulting from faure of neural tubes to clos€auses oNTDs range from lack of folic acid
supplementatioto environmental factors to genetic causbgspite the cause of birth defects of
notbeing completelyknown, continuous research presents a great tool in learningmore about the
disease. Two main NTDs that are predominantly emphasized in the literatureare spina bifida and
anencephaly. Each year approximately 300,000 to 400,000 babies are born with spina bifida and
anencephalyorldwide Additionally, approximately 2500 babies are born with NTDs in the
United States, which is about h#ie numbepf NTDs inEuropean countrie€hildren affected
by spina bifida find themselves challenged mentally, intellectually and soSaltjies reveal
that spina bifida is thenost common birth defect in the U.S. and that hospitalizations related to
the disease castinearly $86 million in 2003. One of the most promising discoveries in terms of
NTDs has been the link that was made between icgerdftifolate and increased risk o
developing a NTDThe implementation of fad acid supplement in childbearing women’s diet
and women wishing to become pregndetreased thacidenceof NTDsin the United States
Educationand statewidsurveillance systems are alsiective in reducing the burden of NTDs
in our nationHowever, addressing the issue of healtlpaigies and improving quality of life in
affected populations amiggestionshat would contribute to the decline of NTDs in the U.S.

Finally, cortinuousresearch is important to better understaids.
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Introduction

Nearly eightmillion babiesworldwideare born every year with birth defeatsl 3.2
million of them are disabled for lifeMohamed & Aly, 2012). In the United States, birth defects
are the primary cause of death in childvér are one year of age or lesgpreserihg about
20% of newborn deaths (Mohamed & Aly, 2012). Causes for birth defects range frons,geneti
biologic, nutritional or environmental factors (Mohamed & Aly, 201Pyventy percenof birth
defects arattributed to genetic cause® %to nutritional and environmental factors, and about
70% remairto unknown causes (Mohamed & Aly, 201Reural tube defect@NTDs) are one of
several birth defgs that are impacted by all three causal factors. NTDs are birth defects that
occur in the brain or spinal cord resulting from failure of neural tube defects to close (Osterhues
et al., 2013). NTDs rate vary between £10 perl000live births depending on the geographical
region and ethnicity of the mother (Imbard et al., 2013).

Each year approximately 300,000 to 400,000 babies are born with spina bifida and
anencephaly worldwide (Yi et al., 2011). Additionally, approximately 2500 babies are born with
NTDs in the United States, which is about half the numbef NTDs inEuropean countriegYi et
al.,2011).

Statistics of gographical regins with higher risks of NTDs can bballengingo
acquire. e inabilityto obtain national data sample for births and deathgiassd with birth
NTDs andthose due to lack of information on stillodsabies who lacked birth recorgeesent
some of the main reasoffdohamed & Ali, 2012) Despite such challenges, some stusiiis
managd to designate regions that present the highest rates of NTDs based ofThe U.S. Census.
Throughinformation based on data management and analysis of newborn babies in different

statesthere aresubdivisions in four U.S. regions among which differences can be examined that
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includeNortheast, South, Midwest and West (Mohamed & Aly, 20%8¢h studies investigated
the data provided by the Healthcare Cost and Utilization Project (HCUP) concerning new births
affected by NTDs betweelD972004. Results revealed that male infants were more likely to
suffer from NTDs compared to female babies in the Northeast (Mohamed & Ali, 2012).
Similarly, Hispanics in the South had higher risks of NTDs, while Asians in the Mgsins of
the county had lowerrisks(Mohamed & Ali, 2012). Overall, the Northeast region of the country
had less prevalence for NTDs and the Midwest had the highest prevalence for NTDs compared
to all regions(Mohamed & Ali, 2012)It will later be discussethat knowing atisk regions for
NTDs is important for implementing health policies in order to reduce the prevalence of the
disease in such regions.

It is also equally important to identify the different typeNaDs so thateffective
monitoring implementation and evaluation campaigngan contribute toeducingNTDs. There
are seveal types of NTDs which includeraniorachischisis, anencephaly and spina bifida
(Osterhues et al.,2013). Similarly, NTDs can be categorized as open, meaning the neural tubes
are expsed, or clos# meaning the neural tubes are covered by tissues (Imbard et al.,2013).
Two main NTDs that are predominantly emphasized are spina bifidanandephalythis paper
will focus on both spina bifida and anencephaly in liventdaorn in théJnited States (Yi et
al., 2011) Spina bifida refers to the neural defects at the spinal column area, whereas
anencephaly refers to the neural defects at the cranial level (Imbard et al., 2013). Research
further emphasizes that both spina bifida and anencephaly differ in the resulting outcomes:
defects in the spinal area are more likely tarbatable, although not curabtiefects in thdorain
area are much more fatd in most cases, only resultarfew hours of life expectancy (Imbard

et al., 2013).
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Different types of neural tube defects
Spina bifida

Children born with spina bifida usually go through surgery within few hours of being
born in order to close the g@yi et al., 2011). Though such children have a higher life
expectancy, rising from nearly 85-90% into adulthood, and though the condition is treatable,
many children unfortunately grow up with adverse outcomes such as hydrocephalus, urinary
tract infection, locomotion difficulties and intellectual challenges (Yi et al., 2011).

There ardour different types of spina bifida that develop depending on the severity of
the disease and they includgeina bifida occulta, closed spina bifida, meningocele, and
Myelomeningocele.

Spina bifida occulta dso called hidden spina bifida, develops vathery small opening
on thebackof the babylt is the mildest form of the disease whiclialyy does not affect the
healthof the baby (March of Dimes, 2014).

Closed neural tube defect is the form of the disease in which the bones, fat and
meninges surrounding the spinal cord do not develop properly (March of Dimes, 2014).
Depending on the severity of the condition, the baby may have issues associated with
incontinence (March of Dimes, 2014).

Meningocele is the rarest form of the disease in which the meninges, which are the
tissues that cover the spinal cord and brain, push their way out in an opening on the back of the
baby. This condition does not cause any nerve damage, though it may cause issues related with

incontinence (March of Dimes, 2014).
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Myelomeningocele, also called open spina bifida, is the most common and most severe
form of spina bifida. Part of the spina cord and meninges push through the opening on the baby’s
back, which may consequently cause permanent nerve damage (March of Dimes, 2014).
Additionally, depending on the severity, may cause paralysis of the lower part of the body,
disabilities associated with motion, incontinence issues, hydrocephalus, and learning disabilities
(March of Dimes, 2014).

Anencephaly

Unlike spina bifida, anencephaly is a fatal health condition in which the upper end of the
tubes fail to close, which consequently prevent the brain from developing properly (Yi et al.,
2011). Children affected with anencephaly usually die within hours or days (Au et al., 2010; Yi
et al., 2011). Studies reveal pregnancies affected by anencephaly often result in miscarriages and
that 50% of affected children only have a life expectancy of minutes to hours, and only 25% can
get to up to 10 days (Yi etal., 2011).

Etiology

Though the exact causes of NTDs remain unclear, studies reveal that both genetic and
non-genetic factors are correlated with risks for NTDs (Au et al., 2010).

Genetic risk factor

Innovative discoveries made the correlation between gene mutation and NTDs. In effect,
the Methylenetetrahydrofolate reductase (MTHFR) gene mutation is a risk factor to NTDs
(Levin & Varga, 2016). MTHFR is an enzyme that is important for folate metabolism in which
folic acid is converted in an active form that is usable by the body; however, genetic mutation
can impede this process from taking place (Levin & Varga; 2016). Researchers explain that folic

acid acts through folate one-carbon metabolispwhich involves amino acid and nucleotide
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metabolism (Leung et al., 2013)his process results in folate methylation and nucleotide
biosynthesis in the body: a processhat isimportant for the development of the feflisung et
al., 2013). When this metabolic process is unsuccessful, in which nucleotides are not fully
supplied with folate, it may affect the efficacy of folic acid in the body; making it a risk for
NTDs (Leung et al., 2013).
Non- genetic risk factors Lifestyle and socio-demographic factors

Lifestyle factors. Lifestyle factors contributing to NTDs includematernal prgoregnancy
diabetes and obesitfLupo et al., 2012; Rasmussen et al., 2008). Infants born to obese mothers
and those born to type Il diabetic mothers may present sipaithngenic characteristics that
include alteration of glucose homeostasis and hyperglyceémpo (et al., 2012). The research
explains such drawbasklue to the factiat he embryoOs pancreas development happens after
the seventh week of gestation, wheraaural tubes close around the fourth week of gestation
(Lupo et al., 2012). Consequently, mothers with poorly regulated glucose levels present dangers
for their fetuses at theady stage of pregnancy as tutlesure may be affected by increased
levels d glucose (Lupo et al., 2012).

Additionally, a hospital case control study performed on mothers evaluated maternal
body mass index as a risk factor for NTDs. The study revealed that maternal BMI could be a
causal link between folic acid supplementation and risk for NTDs(Wang et al., 2013). The
studyconsisted of 459 mothers with NTDafected births and 459 NTDs naatfected births,
and analyzed the relationship between folic acid supplementation and risk for NTDs for
underweight and normal weight mothers with body mass index (BMI) less than 24, and
overweight mothers with BMI more or equal to 24 (Wang et al., 2013). The 459 cases of NTDs

included 194 cases of anencephaly, 200 cases of spina bifida and 65 cases of encephalocele
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(Wang et al., 2013). Results from the study reveal that a causal link between folic acid
supplementation and increased risk for NTDs was greater in mothers with a BMI higher or equal
to 24 compared to mothers who had a BMI less than 24 (Wang et al., 2013).

Socio- demographic factors. Socio- demographic factors contributing to NTDs include
socio-economic status, parent education level, maternal and paternal ages and occupations,
maternal use of medications during early stages of pregnancy, and maternal reproductive history
including maternal country of birth and country of conception (Au et al., 2010).

Indeed, a study performed in California investigated the relationship between women
with low socio-economic status (SES) risk of NTDs during the food fortification perigdu et
al., 2010). At the end of the study, results showed that women who did not graduate with a high
school diploma and lived in low socio-economic status presented increased risks for NTD
pregnancies than women with high school diploma or higher education (Au et al., 2010).
Additionally, a meta-analysis performed on pregnant women revealed that mothers over 40 years
old or under 19 years old are at a greater risk of NTD pregnancies, with spina bifida being the
most prevalent (Au et al., 2010). Another causal factor for NTDs is related to parental
occupation: a 2002 study revealed that both fathers and mothers who worked as cooks, farm
workers, janitors and cleaners using chemicals, were associated with higher risks of NTD
pregnancies (Au et al., 2010). Studies also found that the use of folic acid antagonist
medications such as antibacterial drugs and some serotonin inhibitors are associated with higher
risk of anencephaly (Au et al., 2010). Finally, researcheveas that the place of birth also affects
NTD pregnancy outcomnseThere are increased rates of NTDsin some sulgroupsworldwide,
such as Sulsaharan Africa, First Nation Tribes in Canada and indigenous women in Australia

due to lackof folic acid food fortification (Au et al., 2010).
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Public Health Impact

Economic aspect. Hospitalizations related to NTDs costed nearly $600 million in 2013
in the U.S. (CDC, 2016). Average Medicaid payments for children with spina bifida were nearly
12 times higher than the average payment for all children in Washington State Medicaid program
in 1993 (Yi et al., 2011).

Social aspectThe Gnters foiDiseaseControl and Prevention (2016) statistics reveal that
Hispanics have approximately 3.80 spina bifida cases per 10,000 births, whiéspanic
black and whitendividualshave 2.73 per 10,000 births and 3.09 &000 births respectively
To further explairthe CDCdata Dr. Mills, a senior investigator on birth defects at the National
Institute of Healtrstates thaDThere are several explanatiaago why Hispanic mothers have
the highest rate of NTD& non biological explanation is that more Hispanic births are identified
with neural tube defects because Hispanic mothers are more likely to continue with the

pregnancy due to religious reasons even when they are made aware of the fetus having a neural
tube defets duing an ultrasound exarivhite and Blackhon-Hispanicmothers are more likely
to termnate the pregnancy. Furthermpkaspanics have high levels of the MTHFR gt
variance as a high factof@ersonal communication, Sept. 08, 2017).

These statisticare important to studghe effects of neural tube defects in individuals
progressing from childhood to adulthooa only among Hispanic sufproups but all involved
Such statistics are crucial in studying behavioral and psychologpoadlicationsin individuals
with NTDs at different stages of their livésssner & Holmbeck2010) Although school age
childrenwith NTDs encounter social challenges with their peers, studies report that adolescents
are the most affected on social levelsheey are transitioning from childhood to adulthood

(Essner & Holmbeck, 2010).



BURDEN OF NEURAL TUBE DEFECTS 10

!
Interpersonal factors and consequences

Adolescents who live with spina i mayneedlife adjustmentsuch as wheelchairs for
mohility and catherization for incontinence, both of whicmay cause a strain on social
interactions with peer&Essner & Holmbeck2010) Consequently, the affected child may
dewelop depression, which may leadgsychological problems in adult lifEssner &
Holmbeck, 2010).

Additionally, the demandassociatedvith having a childvith spina bifidamaybe
stressful on family memberg&gsner & Holmbeck2010) Consequentlythe affected child may
develop depression due to feelings of giitksner & Holmbeck, 2010)
Institutional factors and consequences

Adolescents witlspina bifida may ha difficulties achievinghormal academic standards
due to neuropsychological defic{i8ssner & Holmbeck, 2010puch adolescents may develop
low seltesteendue to their limitations in fully contributintpeir knowledge to their peers
(Essner & Holmbeck, 2010)
Community- related factors and consequences

Adolescents living with spina bifida may not find enough resource® cothmunity
which would otherwisdéelp them reach their full intellectual potentigssner & Holmbeck,
2010) The Genters foDiseaseControl and Prevention (2016) states that individwatk spina
bifida are affected in different times during the@velopmental growth.cBoolagedchildren
with spina bifida may have academic challenges when in the classroom with their peers, while
adolescents and adults living with spina bifida learn to adjust to life and live independently.

However, adolescents and adults with spina bifida faakertges in communities such as
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working and keeping a job, volunteering, finding and using transportation, living outside their
parentsO house and nurturing good social relationships (CDC, 2016).
Societal factors and consequences

Children whosuffer withspina bifida have a higher risk of experiencing social
discrimination from their peers and enduring social difficul{i2svineet al., 2012). Indeed,
from schoolagedchildren to adolescents #&mlults,NTDs and more specificallypina bifidanot
only impact the lives othose with the chronic diseadmut also those of thefiamilies and

communities

Review of literature

In the review of the current literature about neural tube defects, the follovaimg
themes arise: folic acid supplementatiedycaion, Sate wide surveillance systemprenatal
surgeryand the study afesistanfolic acid methylatiorin mice.
Folic acid implementation

One of the most promising discoveries in terms of NTDs is the link that was made
between insufficient folate andcreased risks. When the causal link was made, the
implementation of folic acid supplematipnwas developed in childbearing womenOs diet and
women wishing to become pregnant (Kannan et al., 2007). In 1998, the Food and Drug
Administration (FDA) approvetblate supplementation products, then fortified grain products
were produced with 16040 micrograms of folic acid (Kannan et al., 2007). The same year, the
Institute of Medicine (IOM) and the Public Health Service (PHS)meuended that women of
childbeaing ageand women who wished to become pregnant should consume a daily dose of

400 micrograms of folic acid in order to prevent NTDs (Kannan et al., 200ake of
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multivitamins containing the recommended 400 micrograififolic acid was the most utitd
method to reduce NTDO&rosse et al., 2016; Mills 201L.7The implementation alecommending
folic acid fortification forchildbearing women who intend to become pregnant has successfully
reduced the prevalence of NTDs in the United States (Hes2XEt;Leung et al., 2013).

A randomized study performed in 45 U.S. states and Washington DC, in reproductive
aged women befe and during pregnancy reportedt NTD rates plummeted from 37.8/100
000 live births prdortification, to 30.5/100,000 liveitihs after the mandatory Foaad Drug
Administration policy implementatioon folic acid fortification (Honein et al., 200T)he
component®f the study relied on the analysis of birth certificate reports for live births in such
areas between 10%nd D99 to evaluatéhe impact of folic acid food fortification on NFD
affectedbirth prevalence (Honein et al., 2000\verall,findings indicateda 19% decline in the
incidenceof NTDsfollowing folic acid fortification in the U.S., revealing a successful initiative
campaign (Honein et al., 2001; Mosley et al., 2009).

The graph below from the Centers for Disease Control and Preventidepscdon of
the success of the folic acid fibication initiative as it portrays the decline of NTDs in the U.S.

from 1995 to 2011.
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FIGURE. Prevalence of neural tube defects (NTDs) (anencephaly and spina bifida) before and after mandatory folic acid fortification, by
maternal race/ethnicity — 19 population-based birth defects surveillance programs,* United States, 1995-2011
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* Contributing programs are based in Arkansas, Arizona, California, Colorado, Georgia, Illinois, Iowa, Kentucky, Maryland, New Jersey, New York, North Carolina, Oklahoma,
Puerto Rico, South Carolina, Texas, Utah, West Virginia, and Wisconsin.

" 95% confidence interval.

Alternate Text: The figure above is a combination line and bar chart showing the prevalence of neural tube defects (NTDs) before and after mandatory folic
acid fortification, by maternal race/ethnicity, according to 19 population-based birth defects surveillance programs in the United States during 1995-2011. A
decline in NTDs was observed for all three of the racial/ethnic groups examined between the pre-fortification and post-fortification periods.

(Folic Acid for the Prevention of Neural Tube Defe2309).

Education and awareness

Another approach that has been used to reduce the prevalence of NTDs in the U.S. is the
education of women in communities about the benefits of food fortification on reducing NTDs.
Studies reveal that highisk regions of the U.Swith educational prograson the benefits of
folic acid supplemeitionhave beersuccessfuin reducing the prevalence of NTDs (Kannan et
al., 2007; Prue et al., 2010).

Because Latina women have the highest rate of giving tarchildren with NTDs, a
surveywas conducted indith Michigan in order tassess awarenesithe importance ofolic
acidsupplementatioandeducate Latina mothers specifically about the benefits of folate

supplement (Kanan et al., 2007A previously conducted survey admet Latina population in a
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different stateeported thabnly 17% of 471 Latina resahts had heard of NTD%1% were
aware that folic acid supplements pneteel NTDs, and 80% were unawarfdolate food
sources (Kannan et al., 2007). This information served as a guide for thgisudeeith
Michiganas they aimed fatzustomer awarenesbwenty bilingual healthcare workers conducted
health edud#on sessions about folate acidpplementation in supermarkets and community
centers assisting Latina womeBnglish and Spanish brochuras recipes including folate
supplement, posters and folicié curriculum were distributed he goal for the educational
events was to teach Latindsoait the benefits of folic acid preventing NTDs, the required time
period for taking folic acid, soues of folic acid, and identification of folic acid on food labels
and multivitamin bottles (Kannan et al., 200X) the end othe educational sessior®% of
participantsstated that theliad becomawarethat folic acid reduces the risk for NTDs ahedt
theyplanned to consume more products containing folate supplements based on the information
they got from the sessiofisannan et al., 2007).
Statewide surveillance systems

Statewide surveillance systems to trawc#tividualswho areat ahigher risk of NTD
pregnancies and initiate peonceptional treatments have proven successful in reducing the
incidence of neural tube defects in higisk areas in the natiqi$tevenson et al., 2000; Collins
et al.,2011). For instance, a-gi@ar study conducted between 1992 and 1998 in South Carolina,
a state with high prevalence of NTDs, used patient genetic counselingptietéedthrough
surveillance systems to reduce grevalencef spina bifida in that region (Stevenson et al.,
2000). Before the study, the National Center for Health Statistics classified South Carolina as a
region with high risk of NTDs due to its high prevalence of NTDs that was about twice the

natioral prevalence rate (Stevenson et al., 2000).
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Furthermore, active and passive surveillance systems were used to menstor at
pregnancies, in which active methods incluttezluse omaternal serum alpHatoprotein
(MSAFP), a blood test that checks theel of protein AFP in pregnant women to determine
risks for spina bifida and anencephaly (Dashe et al., 2006). Further active surveillance methods
included prenatal diagnosis monitoring programs and pregnancy ultrasonography (Stevenson et
al., 2000). Pasve surveillance systems included medical records, physician reports, vital records
review, and Center for Disease Control and Prevention (CDC) confirmation of cesenédn
et al., 2000). Participantonsisted of 278,122 cases of NTDs for both livenb and fetal deaths
between 1992998 in South Carolina. Because at risk patients were examined and given
appropriate doses of folacid before and during pregnancy, the rate of NTDs declined from 1.89
to 0.95 cases per 1000 live births (Stevensoih,e2@00).

Additionally, cases of premception folic acid supplementatiorcreased from 8% (prior
to the study)to 35% (after the studyPverall, this study shows that tracking high risk NTD
pregnancies statewide thrdugurveillance systems ssiccesful in preventing the occurrence
and recurrence of NTDs, due to immediate folic acid interventions in such regions (Collins et al.,
2011; Dashe et al., 2006; Mosley et al., 2009; Stevenson et al.,2000).
Folic acid implementation: Correcting misinformation about its use

Since the national implementation of folic acid supplesienthildbearing women

and women wishing to get pregnant by the U.S. Preventive Services TaskFSRETF) in
1996,NTDs have been declining in the U.@Volff, 2009). Althoughreports have emerged on
the dangers of high level of folate in the body, studies have been done to disctedit suc
information(Mills, 2017). Indeed, a study bylills (2017) raises the issue of the continuing rise

of NTDs in Europea countries due to their lack ahyfolate initiative from 1991 to 2011. Mills
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(2017) explains that European countries are reluctant to implement a campaign similar to the one
in the U.S. due to concerns abagide effects such as cancer, asthma, twigrmaecies and
anemia, as a result of consuming too much folate. Mills (2017) supports his argument for the
implementation of folic acid supplementation through extensive studies that folate causes more
benefits to pregnant women and their babies than h&unthermore, a study By/olff (2009)
ascertains through observational studies from 1995 (before the folate implementation) to 2008
that more evidence supports the USPSTF theory that folate supplement provides more benefits to
pregnant women and their babies by reducing the risk of NTDs.
Prenatal surgety

Until recently, the majority of NTDs werenly repaired after birthout innovative
progressn medicine permitted the disease to be treated prenatally, although disabilities such as
neurological defects and hydrocephalus remain (Werner et al., 202&¢ver,when comparing
both prenatal and postnatal surgical procediorésat spina bifidahe literaturegpresents
benefits andirawbacksf both methodsAlthoughthefirst is beneficial for he baby as he/she
will have fewer lifelong consequencesmpared to the latter, it presents safety issuethéo
mother(Werner et al., 20125uch issues include matermesk of not having more children, but
eventuallythe literature ascertains tHatther researcis needed to find safety techniques
reducesuch riskduring the prenatal surgery proced(Mé¢erner et al., 2012).
Studies onresistant folic acid methylation a1 mice

Another approach that resehers have looked tt prevent the development of NTDs is
by studying the genetic role of resistant folic acid methylation. Researchers looked to explain
why some women give birth to children with NTDs despite the fact that they are on folate

supplement diets before and dgripregnancyAs previously mentioned, the MTHFR gene
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mutation is the cause and it ultimately leads to resiébéintacid methylation (Blom et al., 2006;
Imbard et al., 2013)An attempt to repaithis geneticmalfunctionin humans is done through
studieson mice in which the direct supplementation of folate to nucleotides may have a positive
impact of successfully closing neural tubes of the fetus (Leualg, @013). Such studies are
successful  mice experimentation and the findings reveal a stepafohim investigating direct
folate supplement to nucledes in order to prevent NTDs humans.

Despite public health approaches to reduce thegbupfiNTDs in the U.S., there astll
limitations on how to successfully eliminate agenetic risk factors and improve quality of life
of the patient (Valdez et al., 2016). Such limitations may be due to the fact that NTDs are rare
diseases (affects less than 200,000 individuals ikli8€), and that people affected with NTDs
are scattered across the U.S. population (Valdez et al., 2016). These two factors may be the
reason why public health approachesackle NTDs may be different from interventions used to
control disease outbreakgaldez et al., 2016)Continuougesearch that highlights the
limitations of public health methods on steps to further reduce the prevalence of the disease
would be valuable to the population at riBecommendations that addresgial and health
dispaities, improve quality of life for those with NTDs, emphasize family supgaitadvocate
for moreresearch aredalitional steps that wouliirther reduce the burden of NTDs in the U.S.

Recommendations and solutions

The followingrecommendation&ould not only help the general population to acquire
knowledge about the disease, but would also educate and possibly incite policymakers to develop
steps necessary to prevent NTDs.

Address social disparities
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Since it is noted that individuals who live low socieeconomic neighborhoods and
those who work jobs that hardthemicals are at greater riskhaiving children with NTDs,
recommendatiagifocus onaddressingocialdisparities amongueh demographic grougéu et
al., 2010; Lupo et al., 2012k xamining physicahspectsn relation to housing quality, degree of
overcrowding, environmental chemical exposures, violesicgollution,green space and park
availability, healthy food availabilityandside walk access are crucial to understémsdch
physical states increadeetrisk factors for NTDs idisadvantagedeighborhoodsAddressing
sweh issues wdd be one of severakers in educatingand convincing policymakers to invest in
developing better living conditions in such neighborhoétisvever, in ordeto ensurehat
stakeholders are aware of the needs of individuals living in these emeasunity leaders
should remain proactive by communicating such informationeturn,if improved living
conditions decrease the prestate of NTDsn such areasjon-genetics risk factors could
significantly decreasédssessingimplemerting, andevaluatingpublic healthapproacheand
developing resourcds assist parents in such areasldcertainly contribute toeducing the
prevalence of NTDs in such places.
Address health disparities: Monitor healthcare access itow income populatiors
In order to decrease the prevalence of NTDs in underprivileged commumetidthcare
access is needed such communitie€Community leaders along with thegulation should
monitorand evaluate the healthcare need of the entire community. They should present such
findings to public health organizations and stakeholders s@dogie in the community would
get the help theyeed It is important to collect data to better identify and address disparities in
such communities. This can be done bgveying the number of mothers who have access to

prenatal care and those who have access to educational resources on healthyiggegmanc
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survey would be a good starting point to evaluate the medical and educational needs in such
communitieslf women havenoreaccess to prenatal care and receive educational resources to
prevent NTDs, theerall rate of the disease could poteryialecrease in such communities.
Improving quality of life for children living with neural tube defects: school integration
systems

Specialzed programs for childremith NTDs toimprove their learning skills would fze
great tool inhelping such children as they would be allowed to learn at their own$uacke.
programs may be tailored &aldress the learnirdgvelopmenbf each childParents and
teachers would need to collaborate on educati@salurces that work best for eachla@hlhese
initiatives can be integrateih existing school programBesides specialized programs, it would
beimportant to havehildren with NTDsinteract with one another in the same classroom.
Currently there are special education programs which involve inclustarother children
however inclusion with childrenwho also have the same diagnassld helpget a sense of
comfort. This may be done by designating a few schools withih dastrict wherehis program
would be implemented and childriwving in theareas could be agsied to such school$his
option comparedb buildingnew specialized schools for affectguldren is not only budget
friendly for policymakers, but it would also prove quality of life amonghildrenwith NTDs.

Because children with NTDs, especially those with spina bifida often find themselves
isolated and unable to interact with their ige& would be interesting to have them interact in
their own environmenwithin the classroomReaching out to peers who understand them at
school ould probably lead to thgevelopment ofhigher selfesteem at school, home andhe
community. If thesénitiativesend up being successful, it would mean that communities will

witness more people with NTDs develapiselfconfidence at their jobs. As a result,
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communities coulélso experience better productivityraing from individuals affected by
NTDs.
Family support
Another approach to reduce the burden of NTDs in ouom& to create health
programdgo counsel affected families on how to live with a child with disabilities. Quite often,
we forget that parents with a disabled child may occasionally suffer from mental distress due to
the stress associatadgth taking care of theichild (Essner & Holmbek, 2010) Mental health
support for these families should be included in any healthcare b&dgents of children with
NTDs should be offered incentives and free counseling sessions in order to recharge their energy
and keep a healthy faljenvironment In some other instances, siblings o #ffected child
should also receiveounseling in order to understand what the affected child is going thasugh
well as peer support groupgsnderstanding the different changes thiit happen during the life
cycle of the affected child cgmrevent any frustrations that may occur and emotionally prepare
everyone in the family circle. Similarly, offering mental health support through funding for those

living with NTDs is a great approach to help them interact thigtir peers.

Funding and research

More funding in research is needed to sttityfolic acid methylatioprocessn humans.
If this procedures made possible and successfuhumans, genetic rislactors for NTDs ould
tremendously declindzurthermore,ncreased funding would allow researchers to find better
methods to pdéorm prenatal surgeries so thmbtherswould experiencdewercomplications

later in life. If such methas are discovered througbseach, babies treated prenatallyutd
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suffer less health outcomes and thsteelated to hospitalizationsuld be tremendously
reducedOverall, funding is always needed for research on NTDs.
Successful evidencbased initiatives that mgy serve as examples to the afongentioned
recommerdations

Having some evidendeased initiatives to reduce disparities in underpgged
communities could be useftdols to implement in order to reduce the prevalence of NTDs in
such communitied-or instance, a study thétcused on smoking cessatiprogramsn an ethnic
minority populatiorowed its successn the entire comunity commitmenandthe involvement
with stakeholdergCooper et al., 2002Researchers from tlstudycreate anadvisory
committeethat included community leaders, government agenaretadvocacy, educational
and consumer groups (Cooper et al., 2008pether, members from the advisory committee
provided feedback on the progressaidrihe studyand evaluatgoutcomesThey assesdeand
interpreted findingand guided researcharsdecision makingOverall,creating an advisory
committeein underprivileged communities waffective in narrowing the gap health
disparities (Cooper et al., 2002). This evidebased initiative cabe applied to disadntaged
communities that have individuals with NTDs and experiesoéal and health disparities
The success of such initiativeould noticethe decline of NTDs among such populations.

Additionally, a study that focused on mental health for siblings of childrgncancer
highlights that thessiblings suffer high levels of psychological stress and adaptation (Sidhu et
al., 2006).Thestudy performed a therapeutic peer support camghéosiblings of children
affected by canceand the goal was to reduce stress level, improve social abgitidscrease
knowledge on the impact of cancer and its treatment (Sidhu et al., 2006¢. end of the

therapeutic interventiorit, was notedhat siblings who attended the camp session displayed
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improved mental healtfSidhu et al., 2006). Such siblings also attended follow up sessions to
maintain healthy mental health (Sidhu et al., 2006). This evidence based intervention can be
applied when improving quality of life and family support of individuals who live with NTDs
and their family members.
Conclusion

Neural tube defects aegpreventable public health burden that aediout 3000
children in the United States of America. The most prominent form of NTDs is spina bifida and
it is a condition that affects mostly Hispanic babies compared tédispanic white and black
(Kannan et al., 20Q7Although research states that Dg'is a multifactorial ease, there is
evidence that both genetic and rgemetic factors contribute to the development of NTDs.
Genetic factors include the MTHFR gene mutationilewion-genetic factors include obesity,
diabetes|ow socieeconomic stats, insufficient folic acid supplement, both paternal and
maternaloccupations, maternal agavironmergl factors and folic acid antagonist medications
(Levin & Varga, 2016].upo et al., 2012Rasmusse et al., 2008)Thoughcurrent iterventions
focus onfolic acid implementationeducation and awareness of the disease disease
surveillance systemshere arestill limitationsthat need to be addressedcB limitations
includeaddressingocial anchealth disparities in disadvantaged neighborhpagd& of
resoures to assist families and those affected with N&b the need for continuous research
Using evidencebased public health interventionscisicialin reducing the burden of NTDis

our nation
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