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ABSTRACT
Background and Aims: Neural tube defects (NTDs) are an important global health concern with high morbidity and mor-

tality. Enhancing access to healthcare for children born with NTDs is crucial for improving health systems and service delivery.

Methods: We conducted a systematic review to assess the global prevalence of NTDs and the accessibility of healthcare

services. Our search spanned databases like PubMed, EMBASE, and Scopus, focusing on NTD prevalence, healthcare service

mapping, and access barriers. We followed a standardized data extraction process, and the study is registered with PROSPERO

(CRD42023425843).

Results: From 3067 records, 65 studies met our inclusion criteria, mainly focusing on newborns. The study durations range

from 6 months to 40 years. The NTD prevalence was between 0.4 and 215.13 per 10,000 births, with Spina Bifida, Anencephaly,

and Encephalocele being the most common. The African region was the WHO region with the highest prevalence, while the

Western Pacific Region had the lowest prevalence. One study used geospatial mapping to identify healthcare access barriers.

Conclusion: Our study revealed wide disparities in the prevalence rates of NTDs with the African region having the highest

prevalence. Geospatial mapping was not used to assess access to healthcare services for children born with NTDs in almost all

the studies. This underscores the global challenge of access to surgical care for children born with NTDs and the need for

strengthening healthcare services in settings with high prevalences.

1 | Introduction

Neural tube defects (NTDs) represent a global public health
challenge, marked by significant morbidity and mortality rates
[1]. Nutritional deficiencies, including folic acid, vitamin B12,
and zinc deficiencies, are risk factors for NTDs, and addressing
them can help reduce the risk. The burden of NTDs extends
beyond individual health, impacting families, healthcare sys-
tems, and societies at large [2]. Early diagnosis and timely
access to specialized healthcare services are crucial for mana-
ging NTDs and improving outcomes [3]. Unfortunately, there is

a recognized lack of comprehensive data on the prevalence of
NTDs and the corresponding geographic distribution of health-
care services tailored to address the unique needs of infants with
NTDs [4, 5].

The complexities of NTDs extend beyond geographical consid-
erations, presenting a challenge that demands a multifaceted
approach to implementing effective interventions [6]. Children
affected by NTDs often face barriers to receiving adequate
healthcare services due to a myriad of factors, including insuf-
ficient infrastructure, resource limitations, and a shortage of
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skilled healthcare personnel [7, 8]. Especially prevalent in low‐
and middle‐income countries (LMICs), healthcare disparities
might further compound the difficulties in ensuring accessible
care for children with NTDs. Addressing the unique challenges
associated with NTDs becomes imperative. The prevalence of
NTDs and the barriers to healthcare access must be thoroughly
understood to implement targeted interventions that account
for social, economic, and cultural factors. This holistic approach
is essential for decision‐makers who seek to strategically allo-
cate resources and create a framework that guarantees equitable
access to healthcare services for children with NTDs, irrespec-
tive of their geographic location.

Geospatial mapping offers a comprehensive and data‐driven
approach to addressing the global public health challenge posed
by NTDs [5, 9–12]. It could empower policymakers and
healthcare professionals to make informed decisions, allocate
resources efficiently, and work toward reducing the burden of
NTDs, particularly in regions where healthcare inequalities are
most pronounced. However, there is a need to understand the
utilization of this tool in the evaluation of access to healthcare
facilities for children born with NTDs.

This study aimed to bridge this knowledge gap through a systematic
review determining the prevalence of children born with NTDs and
to assess access to healthcare through geospatial mapping.

2 | Methods

2.1 | Research Questions and Search Strategy

The study's primary research questions pertained to the global
prevalence of NTDs in children and access to surgical services
through geospatial mapping of associated neurological, neuro-
surgical, and physiotherapeutic services and the identification
of barriers to accessing these services. To address these ques-
tions, a comprehensive search strategy (see Appendix 1 for
details) was employed across electronic databases such as
PubMed, EMBASE, Scopus, Web of Science, CINAHL, and the
Cochrane Library. The search included relevant keywords and
Medical Subject Headings (MeSH) terms such as “neural tube
defects,” “spina bifida,” “anencephaly,” “encephalocele,”
“prevalence,” “geospatial mapping,” “neurological services,”
“neurosurgical services,” “physiotherapy services,” “access
barriers,” and “healthcare services,” “ground truthing,” “GIS.”

2.2 | Inclusion and Exclusion Criteria

The study's inclusion criteria encompassed studies reporting the
prevalence of NTDs in children, studies detailing the geospatial
mapping of healthcare services associated with NTDs, and
studies exploring barriers to accessing these services by children
born with NTDs. We focused exclusively on English‐language
studies published from the year 2000 to 2023. This date range
ensures that the review incorporates current and pertinent lit-
erature, minimizes language bias, and enhances the applica-
bility of findings to contemporary healthcare systems. Studies
not related to NTD prevalence, geospatial mapping of

healthcare services for infants with NTDs, or barriers to ac-
cessing these services were excluded from consideration.

2.3 | Data Extraction and Quality Assessment

Two authors (Y.Z. and D.U.D.) reviewed and screened titles and
abstracts for inclusion and exclusion criteria. A standardized
data extraction form was developed to extract relevant data
from the selected studies. The form included the following
information: first author, title of study, World Health Organi-
zation (WHO) region, country investigated, study type, data
source, location of data source, reported prevalence, prevalence
of subtypes of NTDs reported, geospatial mapping of services,
geospatial analysis of healthcare service location and patient
densities, and barriers to services (see Appendix 2 for details).

A modified Critical Appraisal Skills Program (CASP) tool was
used to assess the quality of the selected studies. The tool
comprised 10 questions that were used to assess the validity,
reliability, and applicability of the studies. Studies were graded
as low, moderate, or high quality based on their scores (see
Appendix 3 for details). The study findings were presented in
accordance with the PRISMA abstract checklist (refer to
Appendix 4) and the PRISMA checklist (refer to Appendix 5).

2.4 | Ethics Approval

The study was approved by the Department of Surgery Research
Committee (see Appendix 6) and The University of Cape
Town's Human Research Ethics Committee (see Appendix 7)
with reference number HREC Ref No: 471/2023.

2.5 | Data Synthesis and Study Registration

A narrative synthesis approach was employed to present study
findings, organizing data around the research questions and
utilizing tables, graphs, and maps to enhance clarity. The
study had been registered on PROSPERO under the ID
CRD42023425843, with the registration last updated on May 22,
2023 (see Appendix 8 for details).

3 | Results

3.1 | Studies Selection

The database search yielded 3067 results, of which 950 were
duplicates. The 2117 unique titles were screened for inclusion
and exclusion criteria. After the initial screening, 1902 articles
were excluded. A full‐text review of the remaining 215 articles
was done and 150 articles were excluded. We identified 65
unique studies that met our inclusion criteria in the final stage
of review (Figure 1).

When examining the distribution of studies by WHO regions, it
is noted that 18 (27.7%) studies originated from the European
Region (EUR), the Western Pacific Region (WPR) contributed
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15 (23.1%) studies, both the Region of Americas (AMR) and the
African Region (AFR) comprised 13 (20.0%) studies each while
the South East Asian Region (SEAR) accounted for 4 (6.2%)
studies, and the Eastern Mediterranean Region (EMR) had 2
(3.1%) studies (Figure 2).

3.2 | Characteristics and Data Extracted From
Included Studies

The data sources of the included 65 studies were as follows:
Patient records (n= 34, 52.3%), regional registry (n= 13, 20%),
national registry (n= 24, 36.9%), self‐administered question-
naires/questionnaires (n= 5, 7.69%), and Geographic Informa-
tion System (GIS) Data Sources (n= 1, 1.5%) (Supporting
Information S1: 1 [Appendix 9]).

Most (n= 12, 35.3%) studies using patient records were from the
AFR, while 75% (n= 18) of studies using national registries

were from the EUR (n= 10) and the AMR (n= 8). Up to 69.2%
(n= 9) of studies using regional registries were from the AMR
(n= 5) and EUR (n= 4). The only study that utilized GIS data
was from the AMR (Table 1).

The study with the longest duration lasted for 40 years while the
shortest study lasted for 6 months (see Supporting Information
S1: 1 for details). Regarding the study types, 21 (32.3%) studies
were cross‐sectional studies and 44 (67.7%) were longitudinal
studies. All the studies were descriptive studies, 36 (55.4%)
studies were retrospective and 7 (10.8%) were prospective
studies (see Supporting Information S1: 1 [Appendix 9] for
details).

In terms of the study population, 54 (83.1%) studies focused on
newborns (aged 0 to 28 days old), 9 (13.85%) studies centered on
children (aged 0 to < 18 years old), 3 (4.61%) studies involved
abortuses, 1 (0.15%) study examined infants (aged 0 to
< 5 years), 1 (0.15%) study explored stillbirths, and 13 (0.2%)

FIGURE 1 | Studies selection flowchart.

FIGURE 2 | Studies distribution according to WHO regions.
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studies investigated pregnant women as the study population.
Additionally, 2 (3.1%) studies concentrated on postpartum
women as the study population (Supporting Information S1: 1
[Appendix 9]).

Concerning the inclusion criteria, the most prevalent was the
age of participants (n= 53, 81.5%), followed by the diagnosis of
NTDs (n= 32, 49.2%), the birth outcome (n= 26, 40.0%), the
birth period (n= 20, 30.8%), the birthplace (n= 16, 24.6%), the
geographic location (n= 9, 13.8%), the diagnosis period (n= 7,
10.8%), the comorbidities (n= 2, 3.1%), the location of facility
(n= 1, 1.5%), and admission period (n= 1, 1.5%). Six (9.2%)
studies did not report their inclusion criteria (Supporting
Information S1: 1 [Appendix 9]).

The largest study in terms of population size was conducted in
the EUR. This was a 4‐year longitudinal study involving 15
million children. These participants were sourced from national
registries across 13 European countries: Austria, Belgium,
Croatia, Denmark, France, Germany, Ireland, Italy, Malta, the
Netherlands, Poland, Switzerland, and the United Kingdom. In
contrast, the study with the smallest population size was a
cross‐sectional study in India, located in the SEAR, involving
just 310 children (see Supporting Information S1: 1 [Appen-
dix 9] for details).

The lowest prevalence (0.4 per 10,000 births) was from a study
in the WPR, while the highest prevalence (215.13 per 10,000
births) was from a study in the AFR (Supporting Information
S1: 1 [Appendix 9]).

Most (n= 58, 89.2%) studies reported NTDs subtypes with 47
(72.3%) studies reporting Spina Bifida, 45 (69.2%) studies re-
porting Anencephaly, 36 (55.3%) studies reporting En-
cephalocele, 8 (12.3%) studies reporting Myelomeningocele, 3
(4.6%) studies reporting Meningocele, 1 (1.5%) study reporting
Cephalocele, and 1 (1.5%) study reporting Craniorachischisis.
Only 7 (10.8%) studies did not report NTDs subtypes
(Supporting Information S1: 1 [Appendix 9]).

The AFR had the widest prevalence range, followed by the EUR
and the SEAR. The EMR had the smallest prevalence range
(Table 2).

Only 1 (1.5%) study (Delmelle et al.) reported geospatial
mapping and geospatial analysis of services for babies born
with NTDs. The study is a cross‐sectional observational
study from the AMR published in 2013. The authors utilized
GIS for the geospatial mapping of services and geospatial
analysis of services. The results of the geospatial analysis of
service location and patient density found that the average
one‐way travel time for families and infants during an
infant's first year of life was approximately 45 min, covering
an estimated distance of 34 miles. The study also uncovered
various barriers, such as geographical constraints, that
hindered families and infants from accessing healthcare
services for infants with NTDs. Moreover, factors like longer
travel distances and transportation availability contributed
to these barriers to services for families and infants with
NTDs (see Supporting Information S1: 1 [Appendix 9]
for details).T
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3.3 | Results of Syntheses

Only 1 (1.5%) study reported factors contributing to gaps and
disparities in care delivery to babies born with NTDs. This
cross‐sectional observational study by Delmelle et al. from the
United States of America was published in 2013. The reported
factors contributing to gaps and disparities in care delivery to
babies born with NTDs are geographic location, availability
of specialized hospitals, transportation options, and socio-
economic status (see Supporting Information S1: 2 [Appendix 9]
for details). None of the studies mentioned the gaps or dispar-
ities in care delivery, interventions aimed at addressing these
issues, shortages in skilled providers, or the impact of cost on
access to care delivery (see Supporting Information S1: 2
[Appendix 9] for details).

3.4 | Risk of Bias and Certainty of Evidence

Out of the studies reviewed, 63 (96.9%) studies showed a
moderate risk of bias, while 2 (3.1%) studies had a low risk, with
both low‐risk studies conducted in the Americas. These studies
are important for guiding future research and policies to
improve healthcare for infants with NTDs (see Supporting
Information S1: 3 [Appendix 9] for details).

4 | Discussion

Central to our findings is the range of NTD prevalence, from 0.4
per 10,000 births in the WPR to 215.13 per 10,000 births in the
AFR, which underscores the heterogeneity in NTD burden
globally. Our findings are different from those observed in a
systematic review published in 2016 by Zaganjor et al. [13],
where the prevalence ranged from 0.3 to 199.4 per 10,000 births
with the lowest and highest prevalence being from studies in
the WPR [13]. This is probably due to variations in data col-
lection methodology between their study and our study. Our
study had a more comprehensive data collection not excluding
studies based on their population sizes while the Zaganjor et al.
excluded studies with population sizes less than 5000 total
births, which surely excluded a lot of studies from the AFR
where there is a known lack of well‐structured databases
including databases with over 5000 total births [14, 15]. Un-
derstanding these disparities in prevalence between regions is
crucial for tailoring public health strategies and resource allo-
cation to address the specific needs of each region and our

findings reveal the need for tailored interventions in developing
countries. Additionally, in our review Spina Bifida, Anenceph-
aly, and Encephalocele emerged as the most frequently reported
subtypes, emphasizing their significance in the epidemiology of
NTDs. The order of occurrence of NTDs is similar to that re-
ported by a 2018 study estimating the global and regional
prevalence of NTDs [1]. The identification of these subtypes
allows for targeted preventive measures and intervention
strategies, considering the distinct characteristics and risk
factors associated with each subtype.

Our comprehensive analysis of the 65 studies included in this
study provides valuable insights into the source of data on
NTDs across diverse populations and settings. The utilization of
various data sources reflects the multifaceted nature of NTDs
research, with patient records being the predominant source in
more than half of the studies. The inclusion of various sources
of data is similar to that observed in a study published in 2018
by Blencowe et al. [1], underscoring the importance of lever-
aging diverse methodologies to enhance the robustness of
findings and capture a holistic picture of NTDs prevalence.
However, our study also reveals the fact that registries on NTDs
are not adequately present in most WHO regions with most
registries (national and regional registries) found in the EUR
and the AMR similar to what was observed by in 2016 by
Zaganjor et al. [13]. Ensuring that all if not most countries (and
WHO regions) have well‐established and maintained NTDs
registries can help effectively curb the burden of NTDs. This is
because registries will lead to a better measurement of the real
burden of NTDs and facilitate the development of informed
strategies aimed at reducing the observed burden of NTDs in
areas with observed high prevalences of NTDs [16].

The observed significant variation in study durations highlights
the necessity for extended research to understand the changing
trends and patterns of NTDs [17]. It is noteworthy that we
observed that studies with longer durations predominantly oc-
curred in high‐income countries, likely due to more substantial
research funding available in these regions. This highlights the
need for more investment in NTD research in LMICs, aligning
with global health goals to reduce NTD prevalence in LMICs.
Our analysis found a predominance of longitudinal studies
(67.7%), highlighting the importance of long‐term data for un-
derstanding NTD risk factors and effective intervention strate-
gies. However, the reliance on descriptive studies, mainly
retrospective, indicates a lack of experimental research, such as
randomized controlled trials, which are vital for establishing
causal links and validating interventions like folic acid

TABLE 2 | Prevalence interval and range per WHO region.

WHO region Prevalence interval Prevalence range

African Region 2.02–215.13 per 10,000 births 213.11 per 10,000 births

Eastern Mediterranean Region (EMR) 28–28.7 per 10,000 births 0.7 per 10,000 births

European Region (EUR) 0.94–69.6 per 10,000 births 68.66 per 10,000 births

Region of the Americas (AMR) 3.2–14.01 per 10,000 births 10.81 per 10,000 births

South East Asia Region (SEAR) 4–57 per 10,000 births 53 per 10,000 births

Western Pacific Region (WPR) 0.4–20.1 per 10,000 births 19.7 per 10,000 births
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supplementation. Integrating experimental methods with lon-
gitudinal research is essential for a comprehensive and effective
approach to NTD management in LMICs [18, 19].

Our review reveals a notable gap in the use of geospatial
mapping in studies on NTDs, with only one study (Delmelle
et al.) [20] employing this method. The observed limited utili-
zation of geospatial mapping, despite its importance for un-
derstanding access to specialized healthcare services for infants
with NTDs, highlights the need for its wider integration in
future research. Insights from Delmelle et al. [20] reveal the
profound potential of geospatial analysis in uncovering crucial
insights into healthcare accessibility for infants with NTDs.
Geospatial analysis not only provides insights into accessibility
challenges, such as long travel times and transportation barriers
for families of children with NTDs, but also aids in strategic
healthcare planning. It can guide the placement of specialized
clinics, improvement of transport infrastructure, and efficient
allocation of resources, ensuring equitable access for all affected
infants, especially in geographically constrained areas [21, 22].

Another important observation emanating from our review is
the marked absence of interventions specifically aimed at
addressing the identified access barriers (Supporting Informa-
tion S1: 2). There is a noticeable dearth of strategies designed to
alleviate these barriers, whether they pertain to geographic
disparities, shortages in skilled healthcare providers, or the
financial burdens associated with accessing care. Whilst there is
a high number of studies on prevalence to understand the
burden of disease (outcome), our review highlights the gap in
studies on process and structural barriers.

4.1 | Limitations

Our systematic review faces several design‐related limitations,
primarily due to its restriction to English‐language studies post‐
2000, which potentially excludes non‐English research and
historical data on NTDs. Moreover, this reliance on published
studies introduces a potential publication bias, as it may over-
look unpublished or less accessible studies, thereby skewing the
representation of research findings. Furthermore, the variability
in the designs of the included studies complicates the synthesis
and interpretation of data.

4.2 | Recommendations

Research: Prolong and experiment—researchers should extend
prevalence studies, use randomized controlled trials, and focus
on geospatial mapping to understand and improve accessibility.

Practice: Tailor and optimize—healthcare practice for children
with NTDs should target interventions for common NTD sub-
types, enhance data collection methods, and strategically posi-
tion clinics using geospatial analysis.

Policy: Reform, invest, and learn—there is a need to address
NTD care disparities through policy reforms, encourage
research investments, and gain insights from unbiased studies
for effective global management strategies.

5 | Conclusion

The review shows uneven NTDs prevalence across WHO regions,
highest in Africa and lowest in the Western Pacific. It notes the
underuse of geospatial mapping in evaluating NTDs healthcare
accessibility and the need for more studies on process and structure
barriers to accessing care for children born with NTDs. Policy-
makers and healthcare providers are urged to develop innovative
solutions, including policy reforms and awareness campaigns, to
improve care for NTD‐affected infants and address disparities.
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Appendix 1

Search Strategy

Here is an elaborate search strategy for this systematic review:

1. Relevant keywords and search terms related to the topic of the
review:
• Neural tube defects
• Spina bifida
• Anencephaly
• Encephalocele
• Prevalence
• Epidemiology
• Geospatial location
• Geographical information systems
• Ground truthing
• Neurological services
• Neurosurgical services
• Physiotherapy services

2. Databases that will be searched:
• MEDLINE and PubMed
• Embase
• Cochrane Library
• CINAHL
• Scopus
• Web of Science

3. Search strategy using the identified keywords and search terms:
a. PubMed:

(“neural tube defects” [MeSH Terms] OR “spina bifida”
[MeSH Terms] OR “anencephaly” [MeSH Terms] OR “en-
cephalocele” [MeSH Terms]) AND (“prevalence” [MeSH
Terms] OR “epidemiology” [MeSH Terms])

(“neural tube defects” [MeSH Terms] OR “spina bifida” [MeSH
Terms] OR “anencephaly” [MeSH Terms] OR “encephalocele”
[MeSH Terms]) AND (“geographic mapping” [MeSH Terms] OR
“geographic information systems” [MeSH Terms])

(“neurological services” [MeSH Terms] OR “neurosurgical
services” [MeSH Terms] OR “physiotherapy” [MeSH Terms])
AND (“neural tube defects” [MeSH Terms] OR “spina bifida”
[MeSH Terms] OR “anencephaly” [MeSH Terms] OR “en-
cephalocele” [MeSH Terms])

b. Embase:

(“neural tube defect”/exp OR “spina bifida”/exp OR “anen-
cephaly”/exp OR “encephalocele”/exp) AND (“prevalence”/
exp OR “epidemiology”/exp)

(“neural tube defect”/exp OR “spina bifida”/exp OR “anen-
cephaly”/exp OR “encephalocele”/exp) AND (“geographic
information system”/exp OR “geospatial mapping”/exp)

(“neurological service”/exp OR “neurosurgical service”/exp OR
“physiotherapy”/exp) AND (“neural tube defect”/exp OR “spina
bifida”/exp OR “anencephaly”/exp OR “encephalocele”/exp)

c. Cochrane Library:

(neural tube defect OR spina bifida OR anencephaly OR en-
cephalocele) AND (prevalence OR epidemiology)

(neural tube defect OR spina bifida OR anencephaly OR en-
cephalocele) AND (geospatial mapping OR geographical
information systems)
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(neurological services OR neurosurgical services OR physio-
therapy) AND (neural tube defect OR spina bifida OR anen-
cephaly OR encephalocele)

d. Scopus:

(TITLE‐ABS‐KEY (“neural tube defects” OR “spina bifida”
OR “anencephaly” OR “encephalocele”) AND TITLE‐ABS‐
KEY (“prevalence” OR “epidemiology”) AND TITLE‐ABS‐
KEY (“geospatial” OR “geographical information systems”)
AND TITLE‐ABS‐KEY (“neurological services” OR “neuro-
surgical services” OR “physiotherapy services”))

e. Web of Science:

TS= ((((“Neural Tube Defects”) OR “Spina Bifida”) OR “Anen-
cephaly”) OR “Encephalocele”) AND (Prevalence OR Epide-
miology) AND ((((((“Geography”) OR “Geographic Information
Systems”) OR “Geospatial”) OR “Geographical”) AND ((“Neu-
rology”) OR “Neurosurgery” OR “Physical Therapy Modalities”)))

f. CINAHL:

(MH “Neural Tube Defects+” OR MH “Spinal Dysraphism+”
OR MH “Anencephaly+” OR MH “Encephalocele+”) AND
(MH “Prevalence+” OR MH “Epidemiology+”)

(MH “Neural Tube Defects+” ORMH “Spinal Dysraphism+” OR
MH “Anencephaly+” OR MH “Encephalocele+”) AND (MH
“Geographic Mapping+” OR MH “Geographic Information Sys-
tems+”)

(MH “Neurological Services+” OR MH “Neurosurgical Ser-
vices+” OR MH “Physiotherapy+”) AND (MH “Neural Tube
Defects+” OR MH “Spinal Dysraphism+” OR MH “Anen-
cephaly+” OR MH “Encephalocele+”)

4. After applying the filters, we shall including date, language, and
publication type, as necessary we shall conduct a search in each
identified database using the developed search strategy and
record the number of results for each database.

5. We (the student investigator and a global surgery fellow at the
division of global surgery, UCT) shall screen the resulting studies
for eligibility, based on inclusion and exclusion criteria estab-
lished for the scoping review using the software called Rayyan.

6. Extraction of relevant data from eligible studies using a stan-
dardized form and analysis of the findings to address the research
objectives of the systematic review will be done.

Appendix 2

Data Extraction Tool

Study Information

a. Author(s):

b. Title:

c. Journal:

d. Year of publication:

Study Design

a. Type of study:

b. Study population:

c. Inclusion criteria:

d. Exclusion criteria:

e. Study location:

f. Study period:

Prevalence of Neural Tube Defects

a. What is the reported prevalence of neural tube defects in the study
population?

b. What are the most common types of neural tube defects reported
in the study?

c. Are there any variations in the prevalence of neural tube defects
across different regions or countries?

Availability and Accessibility of Neurosurgical Care

a. What is the reported availability of neurological, neurosurgical, and
physiotherapeutic services for infants born with neural tube defects?

b. What is the definition of neurological, neurosurgical, and phy-
siotherapeutic services used in the study?

c. What types of neurological, neurosurgical, and physiotherapeutic
interventions are reported in the study?

d. Are there any variations in the availability of neurological, neurosurgical,
and physiotherapeutic services across different regions or countries?

e. What are the reported barriers to accessing neurological, neurosurgical,
and physiotherapeutic services for infants with neural tube defects?

f. Are there any reported innovative approaches to delivering neuro-
logical, neurosurgical, and physiotherapeutic services, such as tele-
medicine or task‐shifting?

Geospatial Mapping of Services and Geospatial Analysis

Describe results

Geospatial Analysis of Service Location and Patient Densities

Describe results

Barriers to Services

Describe results

Gaps and Disparities in Care Delivery

a. Are there any reported innovative approaches to delivering neuro-
logical, neurosurgical, and physiotherapeutic services, such as tele-
medicine or task‐shifting?

b. What are the reported factors contributing to these gaps or
disparities?

c. Are there any reported interventions to address these gaps or
disparities?

Quality of Care

a. What is the reported quality of neurological, neurosurgical, and phy-
siotherapeutic care delivered to infants born with neural tube defects?

b. Are there any reported shortages of skilled healthcare providers or
other resources necessary for comprehensive care?
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c. What is the reported impact of cost on access to care?

Study Limitations

a. What are the reported limitations of the study?

b. Are there any factors that may have affected the accuracy or reli-
ability of the study's findings?

Conclusion

a. What are the main findings of the study?

b. How do these findings contribute to our understanding of the prev-
alence of neural tube defects and the availability and accessibility of
neurological, neurosurgical, and physiotherapeutic services globally?

c. What are the implications of these findings for future research and
policy development?

Appendix 3

Critical Appraisal Tool

Here is the critical appraisal tool to be used to assess the quality of
articles to be included in our systematic review. It is adapted from the
“JBI CRITICAL APPRAISAL CHECKLIST FOR STUDIES REPORTING
PREVALENCE DATA”:

1. Study design: What was the study design used in the article? Was
it appropriate for the research question?

2. Sampling: Was the sampling strategy clearly described and appro-
priate for the research question? Was there a risk of selection bias?

3. Data collection: Was the data collection method clearly described
and appropriate for the research question? Was there a risk of
measurement bias?

4. Data analysis: Was the data analysis method clearly described and
appropriate for the research question? Was there a risk of
confounding?

5. Results: Were the results presented clearly and accurately? Were
the conclusions supported by the results?

6. Generalizability: Are the findings of the study generalizable to the
population of interest? Were there any limitations to the study
that affect generalizability?

7. Bias: Were there any sources of bias in the study that may affect
the validity of the results?

8. Funding: Was the study funded by any organizations that may
have influenced the results or conclusions?

Each question will be answered on a scale of 0−2, with 0 indicating a low
risk of bias and 2 indicating a high risk of bias. The total score should be
tallied up, with a higher score indicating a higher risk of bias. Articles with
a score of 6 or higher may be excluded from the systematic review, while
articles with a score of 4 or lower may be included. Articles with a score of
5 may be included but should be examined more closely.

Appendix 4

PRISMA Abstract Checklist

Appendix 5

PRISMA Checklist
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Section and topic Item number Checklist item
Location where item is

reported

Title

Title 1 Identify the report as a systematic review. Page 1

Abstract Page 1

Abstract 2 See the PRISMA 2020 for abstracts checklist. Page 1

Introduction Page 3

Rationale 3 Describe the rationale for the review in the context of existing knowledge. Page 3

Objectives 4 Provide an explicit statement of the objective(s) or question(s) the review addresses. Page 3−4

Methods Page 4−5

Eligibility criteria 5 Specify the inclusion and exclusion criteria for the review and how studies were

grouped for the syntheses.

Page 4−5

Information sources 6 Specify all databases, registers, websites, organizations, reference lists, and other

sources searched or consulted to identify studies. Specify the date when each source

was last searched or consulted.

Page 4−5

Search strategy 7 Present the full search strategies for all databases, registers, and websites, including

any filters and limits used.

Page 4−5

Selection process 8 Specify the methods used to decide whether a study met the inclusion criteria of the

review, including how many reviewers screened each record and each report

retrieved, whether they worked independently, and, if applicable, details of

automation tools used in the process.

Page 4−5

Data collection process 9 Specify the methods used to collect data from reports, including how many reviewers

collected data from each report, whether they worked independently, any processes

for obtaining or confirming data from study investigators, and, if applicable, details

of automation tools used in the process.

Page 4−5

Data items 10a List and define all outcomes for which data were sought. Specify whether all results

that were compatible with each outcome domain in each study were sought (e.g., for

all measures, time points, analyses), and if not, the methods used to decide which

results to collect.

Appendix 2

10b List and define all other variables for which data were sought (e.g., participant and

intervention characteristics, funding sources). Describe any assumptions made about any

missing or unclear information.

Appendix 2

Study risk of bias

assessment

11 Specify the methods used to assess risk of bias in the included studies, including

details of the tool(s) used, how many reviewers assessed each study and whether they

worked independently, and if applicable, details of automation tools used in the

process.

Appendix 3

Effect measures 12 Specify for each outcome the effect measure(s) (e.g., risk ratio, mean difference) used

in the synthesis or presentation of results.

Not applicable

Synthesis methods 13a Describe the processes used to decide which studies were eligible for each synthesis

(e.g., tabulating the study intervention characteristics and comparing against the

planned groups for each synthesis [item #5]).

Not applicable

13b Describe any methods required to prepare the data for presentation or synthesis,

such as handling of missing summary statistics, or data conversions.

Page 4−5

13c Describe any methods used to tabulate or visually display results of individual studies

and syntheses.

Page 4−5

13d Describe any methods used to synthesize results and provide a rationale for the

choice(s). If meta‐analysis was performed, describe the model(s), method(s) to

identify the presence and extent of statistical heterogeneity, and software package

(s) used.

Page 4−5

13e Describe any methods used to explore possible causes of heterogeneity among study

results (e.g., subgroup analysis, meta‐regression).
Page 4−5

13f Describe any sensitivity analyses conducted to assess robustness of the synthesized

results.

Page 4−5

(Continues)
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Section and topic Item number Checklist item
Location where item is

reported

Reporting bias

assessment

14 Describe any methods used to assess risk of bias due to missing results in a synthesis

(arising from reporting biases).

Page 4−5

Certainty assessment 15 Describe any methods used to assess certainty (or confidence) in the body of evidence

for an outcome.

Appendix 3

Results Page 5

Study selection 16a Describe the results of the search and selection process, from the number of records

identified in the search to the number of studies included in the review, ideally using

a flow diagram.

Page 5

16b Cite studies that might appear to meet the inclusion criteria, but which were

excluded, and explain why they were excluded.

/

Study characteristics 17 Cite each included study and present its characteristics. Supporting Information

S1: 1

Risk of bias in studies 18 Present assessments of risk of bias for each included study. Supporting Information

S1: 3

Results of individual

studies

19 For all outcomes, present, for each study: (a) summary statistics for each group

(where appropriate) and (b) an effect estimate and its precision (e.g., confidence/

credible interval), ideally using structured tables or plots.

Supporting Information

S1: 1 to 3

Results of syntheses 20a For each synthesis, briefly summarize the characteristics and risk of bias among

contributing studies.

Supporting Information

S1: 3

20b Present results of all statistical syntheses conducted. If meta‐analysis was done,
present for each the summary estimate and its precision (e.g., confidence/credible

interval) and measures of statistical heterogeneity. If comparing groups, describe the

direction of the effect.

Not applicable

20c Present results of all investigations of possible causes of heterogeneity among study

results.

Not applicable

20d Present results of all sensitivity analyses conducted to assess the robustness of the

synthesized results.

Not applicable

Reporting biases 21 Present assessments of risk of bias due to missing results (arising from reporting

biases) for each synthesis assessed.

Supporting Information

S1: 3

Certainty of evidence 22 Present assessments of certainty (or confidence) in the body of evidence for each

outcome assessed.

Supporting Information

S1: 3

Discussion Page 10

Discussion 23a Provide a general interpretation of the results in the context of other evidence. Page 10−12

23b Discuss any limitations of the evidence included in the review. Page 12

23c Discuss any limitations of the review processes used. Page 12

23d Discuss implications of the results for practice, policy, and future research. Page 13

Other information

Registration and

protocol

24a Provide registration information for the review, including register name and registration

number, or state that the review was not registered.

Appendix 8

24b Indicate where the review protocol can be accessed, or state that a protocol was not

prepared.

Protocol available on

request

24c Describe and explain any amendments to information provided at registration or in

the protocol.

Not applicable

Support 25 Describe sources of financial or nonfinancial support for the review, and the role of

the funders or sponsors in the review.

Page 13

Competing interests 26 Declare any competing interests of review authors. Page 13

Availability of data,

code, and other

materials

27 Report which of the following are publicly available and where they can be found:

template data collection forms; data extracted from included studies; data used for all

analyses; analytic code; any other materials used in the review.

Not applicable

11 of 14



Appendix 6

Departmental Research Committee Approval Letter

12 of 14 Health Science Reports, 2025



Appendix 7

Human Research Ethics Committee Approval Letter

13 of 14



Appendix 8

Study Registration on PROSPERO

14 of 14 Health Science Reports, 2025


	Prevalence of Babies Born With Neural Tube Defects and Geospatial Mapping of Therapeutic Services: A Systematic Review
	1 Introduction
	2 Methods
	2.1 Research Questions and Search Strategy
	2.2 Inclusion and Exclusion Criteria
	2.3 Data Extraction and Quality Assessment
	2.4 Ethics Approval
	2.5 Data Synthesis and Study Registration

	3 Results
	3.1 Studies Selection
	3.2 Characteristics and Data Extracted From Included Studies
	3.3 Results of Syntheses
	3.4 Risk of Bias and Certainty of Evidence

	4 Discussion
	4.1 Limitations
	4.2 Recommendations

	5 Conclusion
	Author Contributions
	Conflicts of Interest
	Data Availability Statement
	Transparency Statement
	References
	Supporting Information
	Appendix
	Search Strategy
	Appendix
	Data Extraction Tool
	Appendix
	Critical Appraisal Tool
	Appendix
	PRISMA Abstract Checklist
	Appendix
	PRISMA Checklist
	Appendix
	Departmental Research Committee Approval Letter
	Appendix
	Human Research Ethics Committee Approval Letter
	Appendix
	Study Registration on PROSPERO




