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Systematic Review and Meta-Analysis

Background

Neural tube defects (NTDs) are congenital anomalies 
resulting from developmental malformation of the cen-
tral nervous system during the embryonic period. 
Anencephaly and spina bifida are the most frequent 
forms of NTDs.1 Since there is a paucity of data on the 
actual figure of NTDs globally, an estimated 260 100 
NTD cases were reported in 2015, which was equivalent 
to 1.9 per 1000 live births.2 Although the prevalence of 
NTDs is decreasing in developed countries, it has 
remained high in developing countries ranging from 1 to 
11 per 1000 live births,3 which is around 4 times higher.4 
The occurrence of NTDs in Ethiopia may be as high as 
13 per 1000 total births.5 This is 6 times more than the 
lowest rate in the United States where the NTD rate is 
0.5 per 1000 births.6

Neural tube defects are associated with multiple 
medical and socioeconomic consequences. They could 
lead to about 50% elective terminations of pregnancies 
fetal malformation or stillbirth. Out of the NTD-affected 
live births, approximately 75% resulted in under-5 death 

as well as disabilities globally.2,7 Besides, around 10% 
of neonatal mortality is also due to malformation of the 
nervous system in the embryonic period.8 The conse-
quences of NTDs are especially evident in resource-
limited countries where preventative measures and 
long-term quality care for surviving NTD patients are 
limited.9 Spinal bifida is the most common type of NTD 
and the patient typically has neurologic deficits, includ-
ing neurogenic bladder, impaired bowel habits, orthope-
dic impairments, and pressure ulcers.10
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Neural tube defects are associated with numerous 
factors that could be either genetic or environmental,11 
but folic acid deficiency is the predominant prevent-
able contributor of NTDs.12,13 The universal supple-
mentation of folic acid is expected to decrease the 
incidence of NTDs; however, “folate non-responsive” 
NTDs continue to occur globally.14 The magnitude is 
relatively high in Ethiopia where folic acid coverage 
among reproductive-age women is low and 1 in 3 
women have folic acid deficiency.15 Other risk factors 
such as dietary deficiency, poverty, obesity, diabetes, 
substance abuse, fever during the preconception period, 
and medicinal drugs also have contributed to the occur-
rence of NTDs.16-20 The activation of apoptosis signal-
regulating kinase 1 in hyperglycemic conditions, which 
could lead to activation of the apoptosis mediator cas-
pase 8 by stimulating the FoxO3a transcription factor, 
is found to have associated with NTDs.21 The recent 
study finding from Botswana also revealed that expo-
sure to dolutegravir is associated with the incidence of 
NTDs.22

In Ethiopia, the incidence of NTDs is increasing 
alarmingly in recent years. Primary studies that were 
done in different regions of Ethiopia revealed the num-
ber of children born with congenital anomalies is 
increasing in recent years. The burden of NTDs is rela-
tively high in northern Ethiopia as compared with the 
other regions. A recent finding in Tigray region showed 
the overall incidence of NTDs was as high as 13 per 
1000 births, and the highest burden was reported in the 
Southern Zone of Tigray, where the incidence was 30 
per 1000 births.23 The lowest prevalence was reported 
from a study conducted in 2 regions (Addis Ababa and 
Amhara region) with the incidence of 4 per 1000 births.24 
It is also stated in other primary surveys in Ethiopia that 
there are sizeable numbers of pregnancies associated 
with NTDs.20,25-32 These findings are inconsistent and 
inconclusive for policy makers and stakeholders. 
Therefore, the pooled prevalence, patterns, and risk fac-
tors for NTDs in Ethiopia were explored in this system-
atic review and meta-analysis.

Materials and Methods

Search Strategy

Two investigators ZWB (lecturer and researcher) and 
TW (assistant professor), who are trained in systematic 
searching methods and comprehensive systematic 
review and meta-analysis, performed the entire search 
independently. The searching was done with consulta-
tion of senior librarian at St. Paul’s Hospital Millennium 
Medical College. A systematic search was performed 

using both electronic and nonelectronic data sources. 
The electronic databases used were the following: 
EMBASE (Ovid), EMCare (Ovid), MEDLINE (Ovid), 
CINAHL (EBSCOhost), SCOPUS, PubMed, CAB 
Abstracts, Global Health, Web of Science, and Science 
Direct. Gray literature sources such as World Cat, 
Google Scholar, and Google were also used for search-
ing unpublished studies. Also, personal email commu-
nications with authors regarding unpublished articles 
and incomplete articles were utilized. Searching was 
conducted from inception to December 20, 2019. 
Searching was conducted using indexed terms, com-
bined key terms, text words, and search strings taken 
from the review questions. The searching terms were 
prevalence OR magnitude OR “neural tube defects” 
OR NTDs OR “congenital anomalies” AND neonates 
OR newborns OR children AND “associated factors” 
AND Ethiopia. The searching terms were checked for 
being indexed terms in each electronic database before 
proceeding to the actual search. The Boolean operators 
“AND” or “OR” were used accordingly (see Additional 
File 1, available online). The search was limited to 
studies conducted in the English language. The method 
of this systematic review and meta-analysis was devel-
oped based on Meta-analysis of Observational Studies 
in Epidemiology (MOOSE) reporting guideline (see 
Additional File 2, available online).

Study Selection Procedure

In this study, cross-sectional, cohort, and case-control 
studies were included in the final analysis. PICOS (par-
ticipants, interventions, comparison, outcome, and study 
setting) criteria were used to review the studies. The 
studies that reported the magnitude or prevalence of 
NTDs and associated factors that were done in different 
regions of Ethiopia were selected. First, articles extracted 
from different sources were exported to EndNote X8 
citation manager. Then, duplicate articles were removed. 
Three authors (ZWB, TW, and AA) screened the titles 
and abstracts of the studies with predefined inclusion 
criteria independently. Three authors (ZWB, AA, and 
AA) also independently collected full texts and evalu-
ated the eligibility for final inclusion by considering 
study subjects, language, study designs, quality, and out-
comes. Finally, 2 authors (ZWB and TW) reviewed the 
full texts of the selected studies. A total of 862 studies 
were obtained from the whole search and 120 duplicates 
were removed. After screening using titles and abstracts, 
27 studies were checked for eligibility through full-text 
assessment. Finally, 15 studies were included in the final 
analysis. The details are presented using the MOOSE 
flow diagram (Figure 1).
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Assessment of Methodological Quality (Risk 
of Bias Assessment)

Two authors (AA and ZWB) performed the quality assess-
ment (critical appraisal) of studies independently using 
Joanna Briggs Institute critical appraisal tool for observa-
tional studies (cohort, case-control, and cross-sectional 
studies).33 Tools have Yes/No questions and 1 is given for 
Yes and 0 for No. The scores were summed up and 
changed to percentages. Studies with >50% were 
included in the meta-analysis (see Additional File 3, 
available online). During critical appraisal and inclusion 
of the studies, the third author (TW) played a critical role 
in solving any discrepancies between the 2 authors who 

did full-text screening. The asymmetry of the funnel plot 
and/or statistical significance of Egger’s regression test (P 
< .05)34 was considered as a presence publication bias.

Data Extraction Process

The characteristics of included studies (author, publica-
tion year, study area, study period, study design, study 
population, sample size, the number of NTDs, types of 
NTDs, and risk factors with OR) were extracted and 
summarized in Microsoft Word 2016 (Tables 1 and 2). 
The quantitative data were extracted from the included 
studies and stored in Microsoft Excel 2016 by 2 authors 
(TW and ZWB) independently.

Figure 1. The MOOSE flow diagram showing study selection process.
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Data Analysis and Assessment of the 
Certainty of the Findings

The extracted data were exported to STATA Version 15 
and Review Manager Software (version 5.3) for analy-
sis of the pooled estimates of NTD prevalence in 
Ethiopia and to assess the factors associated with NTDs. 
The meta-analyses results were presented using the for-
est plot. Heterogeneity among studies was examined by 
using forest plot and I2 heterogeneity tests. The I2 val-
ues of 25%, 50%, and 75% were interpreted as the pres-
ence of low, medium, and high heterogeneity, 
respectively. In this meta-analysis, heterogeneity was 
declared and justified for I2 ≥50% and a P value of 
<.05. Also, random-effect and fixed-effect models 
were used interchangeably in the analysis. Since there 
is no significant difference in the heterogeneity between 
the 2 models, the DerSimonian and Laird random-effect 
model35 was employed in the final analysis. The pooled 
prevalence of NTDs with 95% confidence interval (CI) 
and the risk factors based on the odds ratio (OR) with 
95% CI was determined by assuming that the true effect 
size varies between studies. There was remarkable het-
erogeneity among included studies since the I2 test sta-
tistic of the pooled estimates were >75%. Hence, the 
meta-analyses results of most pooled estimates were 

presented based on the DerSimonian and Laird random-
effect model.

Ethical Approval and Informed Consent

This study is a systematic review and meta-analysis from 
the original studies, which were conducted in various 
parts of the country. Ethical approval and informed con-
sent were not applicable to this study since the data were 
generated from computed pooled estimates. In Ethiopia, 
most of the research institutions have institutional review 
boards and therefore the respective studies had prior 
approval before the actual data collection period.

Results

Study Characteristics

In the final analysis, 10 studies that were done in 
Tigray region, Amhara region, Addis Ababa, and 
Oromia regions23,24,26,27,29,31,36-39 were included to esti-
mate the pooled prevalence of NTDs in Ethiopia. Most 
of the studies were conducted in the central and north-
ern part of the country. All studies were cross-sectional 
studies23,24,26,27,29,31,37-39 except a cohort study con-
ducted in Tigray.36 All of the studies were conducted 

Table 1. Detailed Description of the Included Studies for Computing the Magnitude of Neural Tube Defects (NTDs) in 
Ethiopia.

Author, year Study area
Study 
design

Study 
population

Sample 
size

NTDs/10 
000 children

Patterns of NTDs

Quality 
score

Anencephaly/10 
000 children

Spinal bifida/10 
000 children

Encephalocele/10 
000 children

Berihu et al,23 
2018

Tigray Cross-
sectional

Newborns 14 903 130.8 66.4 64.4 — Medium

Seyoum and 
Adane,31 2018

Amhara Cross-
sectional

Newborns 19 650 35.6 5.1 30.5 — Medium

Gedefaw et al,26 
2018

Addis Ababa Cross-
sectional

Newborns 8677 127.9 69.1 51.9 6.91 High

Sorri and 
Mesfin,27 2015

Addis Ababa Cross-
sectional

Newborns 28 961 61.1 26.6 32.8 1.73 Medium

Taye et al,24 2019 Addis 
Ababa and 
Amhara

Cross-
sectional

0-17 years 76 201 47.5 4.7 42.8 High

Taye et al,29 2016 Addis 
Ababa and 
Amhara

Cross-
sectional

0-17 years 319 776 37.6 5.7 31.1 0.78 Medium

Mekonen et al,36 
2015

Tigray Cohort Newborns 1516 131.9 6.6 125.3 — Medium

Abdu and 
Seyoum,37 2019

Amhara Cross-
sectional

Newborns 22 624 53.5 — 53.5 — Medium

Abebe et al,38 
2019

Oromia Cross-
sectional

Newborns 45 951 25.7 13.7 11.1 0.87 Medium

Mitiku,39 2017 Addis Ababa Cross-
sectional

Newborns 84 281.1 238.1 — — Medium
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in health facilities. In most of the studies, the study 
populations were newborns.23,26,27,31,36-39 However, 2 
studies24,29 assessed NTD prevalence among children 
0 to 17 years of age. The study period for 9 of the 10 
studies23,24,26,29,31,36-39 was in the past 10 years. The 
remaining study27 was from 2009 to August 2012 
(Tables 1 and 2).

Pooled Prevalence of Neural Tube Defects in 
Ethiopia

The largest sample size was from a study performed in 2 
regions of the country (Addis Ababa and Amhara 
region),29 using 319 776 children below 17 years of age in 
selected health facilities. Likewise, the smallest sample 
size was noted from a study conducted in Addis Ababa 
using 84 newborns.39 In this study, the prevalence of 
NTDs was computed per 10 000 children, and 40.5 to 238 
NTD cases per 10 000 children were reported in the pri-
mary studies.23,24,26,27,29,31,36-39 The largest magnitude was 
reported from a study done in Addis Ababa39 where 2 out 
of 84 newborns had NTDs (238 NTDs per 10 000 new-
borns). The second (145 NTDs per 10 000 newborns) and 

third (131 NTDs per 10 000) highest rates were reported 
from studies conducted in the Tigray region.23,36 The 
prevalence of NTDs was found to be as high as 304 cases 
per 10 000 newborns in the Southern Zone of Tigray.23 In 
this systematic review and meta-analysis, the lowest NTD 
prevalence was reported from a study conducted in 
Southwest Ethiopia where the rate of NTDs was 40.5 per 
10 000 newborns.38

To estimate the pooled prevalence of NTDs per 10 000 
populations in Ethiopia, a total of 538 343 newborns and 
children below 17 years of age were included from the 
selected studies.23,24,26,27,29,31,36-39 The NTD prevalence 
based on the pooled estimate was computed from the 
regions of the country where the studies were conducted. 
The majority were accounted for by a study done in 
Amhara region (24.74%)31,37 followed by the studies con-
ducted in Tigray region (14%)23,36 and Oromia region 
(13.02%).38 Accordingly, the estimated pooled prevalence 
of NTDs among children below 17 years of age was 63.3 
cases per 10 000 children (95% CI = 50.93-75.67) using 
a random-effect model (I2 = 96.3%, P < .001; Figure 2). 
Publication bias was not detected, as it was substantiated 
by Egger’s regression test result (P = .168; Figure 3).

Figure 2. Forest plot showing the pooled prevalence of neural tube defects in Ethiopia.
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Pooled Prevalence of Spinal Bifida, 
Anencephaly, and Encephalocele

Nine studies included the prevalence of spinal bifida in 
their report23,24,26,27,29,31,36-38 except one study that was 
conducted in Addis Ababa.39 The highest prevalence of 
spinal bifida, which was 125.33 cases per 10 000 new-
borns, was reported from a study conducted in Tigray 
region,36 whereas the lowest prevalence reported was 
11.10 cases per 10 000 stillbirths and live births.38 A total 
of 537 449 children was used to compute the pooled esti-
mate of spinal bifida with an estimated pooled preva-
lence of 41.09 cases per 10 000 children below 17 years 
of age (95% CI = 30.89-51.29) using the DerSimonian 
and Laird random-effect model (I2 = 96.8%, P < .001; 
Figure 4). Similarly, the prevalence of anencephaly was 
computed using 9 studies.23,24,26,27,29,31,36,38,39 The pooled 
prevalence of anencephaly among children was 18.90 
cases per 10 000 children (95% CI = 13.30-24.49) with 
DerSimonian and Laird random-effect model (Figure 5). 
Likewise, the pooled prevalence of encephalocele was 
computed using 4 eligible articles.26,27,29,38 In the original 
studies, a total of 40 encephalocele cases were reported, 
and most of the studies were conducted in Addis Ababa. 
The pooled prevalence of encephalocele was 1.07 per 10 
000 children (95% CI = 0.34-1.81; I2 = 51%; P = .106) 
using the random-effect model (Figure 6).

Risk Factors of Neural Tube Defects in 
Ethiopia

Risk factors for NTDs were reported by 6 case-control 
studies,20,25,26,32,40,41 which were done in different regions 
of the country. In the 6 studies, a total of 476 cases 

(NTDs) and 1472 controls were analyzed. This review 
assessed socio-demographic and maternal-related fac-
tors that were associated with the incidence of NTDs. 
From these studies, one study from the Tigray region 
revealed that the incidence of NTDs was related to 
dietary diversity scores.20 The other case-control study 
done41 at selected hospitals of East and West Gojjam 
zones of the Amhara region found 58 NTDs from a total 
of 100 cases (all forms of congenital anomalies). This 
study revealed that folic acid supplementation, being 
alcoholic, and the use of herbal medicine was associated 
with all forms of congenital malformations. By assess-
ing risk factors using the random-effect model, sex of 
the child, maternal age during pregnancy, parity >3, and 
history of stillbirth were found to not be associated risk 
factors with NTDs (Figure 7).

Mothers who took folic acid during the first trimester 
of pregnancy had a 68% reduced risk of giving birth to a 
child with NTDs (OR = 0.32, 95% CI = 0.17-0.060, I2 = 
36%; Figure 8). Likewise, based on 2 studies,32,40 children 
from a family with previous history of NTDs had 5.29 
times the odds of developing NTDs as compared with 
children from a family without a previous history of 
NTDs (OR = 5.29, 95% CI = 1.02-27.48, I2 = 69%). 
Similarly, from the 2 studies,25,26 children who were born 
from women with unplanned pregnancies had 1.88 times 
the odds of developing NTDs as compared with children 
born from women who had planned pregnancies (OR = 
1.88, 95% CI = 1.39-2.54, I2 = 0%; Figure 9).

Discussion

In this systematic review and meta-analysis, the preva-
lence and possible risk factors of NTDs in Ethiopia were 

Figure 3. Funnel plot showing the distribution of included studies for prevalence of neural tube defects.
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Figure 4. Forest plot showing the prevalence of spinal bifida per 10 000 children in Ethiopia.

explored and analyzed. To our knowledge, the current 
work is the first systematic review and meta-analysis 
that explored the prevalence of NTDs and associated 
factors among children in Ethiopia. After intense search-
ing, data were explored and analyzed from a total of 15 
studies20,23-27,29,31,32,36-41 conducted in different regions of 
the country. From these studies, 10 studies23,24,26,27,29,31,36-39 
were used to compute the pooled prevalence of NTDs 
and 6 studies20,25,26,32,40,41 were used for identifying the 
risk factor of NTDs. The studies were done in 4 regions 
of the country, namely, Tigray, Amhara, Oromia, and 
Addis Ababa.

The pooled prevalence of NTDs in Ethiopia, which 
was computed from a total of 538 343 newborns and 
children below 17 years of age, was found to be 63.3 
cases per 10 000 children. Both fixed- and random-
effect models were employed to compute the pooled 
prevalence and the random-effect model was used due 
to high heterogeneity among the included studies (I2 = 
96.3%, P < .001). The final pooled prevalence of NTDs 
in Ethiopia was reported based on the random-effect 
model, and a sensitivity analysis was done to explore 
potential sources of heterogeneity. However, no publica-
tion bias was found based on the funnel plot and Egger’s 

regression test results (P = .168). The current finding 
implies that the prevalence of NTDs is much higher in 
Ethiopia as compared with the global estimates where 
the prevalence is 19 cases per 10 000 children.2 This 
finding is also much higher than the overall prevalence 
in Africa (5.2-75.4; 11.7 per 10 000 births)42 and from 
individual reports from African countries such as Nigeria 
(27.5 per 10 000 live births)43 and South Africa (25 cases 
per 10 000 births).44 Similarly, the findings of a review 
from sub-Saharan Africa were lower compared with the 
current findings with the pooled prevalence of 15.27 
cases per 10 000 births in folic acid non-fortifying coun-
tries.2 This could be attributed to the scant reports about 
the issue and only 17% of African countries have com-
plete reporting on NTDs.42 The pooled prevalence in 
this study is also higher than the findings of systematic 
reviews from India (45 NTDs per 10 000 live births)45 
and Iran (32 per 10 000 total births).46 An individual 
study23 conducted in Ethiopia found as high as 304 NTD 
cases per 10 000 children implying there is much work 
to be done in this country to decrease this to an accept-
able range.

From studies included in this systematic and meta-anal-
ysis, spinal bifida and anencephaly were the most common 
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Figure 5. Forest plot showing the prevalence of anencephaly per 10 000 children in Ethiopia.

Figure 6. Forest plot showing the prevalence of encephalocele per 10 000 children in Ethiopia.
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reported congenital abnormalities among children with 
NTDs. However, encephalocele was the most uncommon 
type of NTD found in Ethiopia with only 1.07 per 10 000 
cases. The prevalence of spinal bifida ranged from 11.1038 
to 125.33 cases36 per 10 000 children and the pooled preva-
lence is 41.09 (95% CI = 30.89-51.29) cases per 10 000 
children. This finding is significantly higher as compared 
with the global prevalence of 3.52 (95% CI = 3.22-3.86) 

per 10 000 births as well as the prevalence in Africa show-
ing 5.43 (95% CI = 3.67-8.04) per 10 000 births ended up 
with spinal bifida.47 Even the 11.10 cases per 10 000 chil-
dren observed as a lower prevalence in an individual study 
included in this meta-analysis is higher than the prevalence 
of spinal bifida in areas where folic acid fortification is 
mandatory.47 Globally, only 59 countries have adopted the 
mandatory rule of folic acid fortification to prevent this 

Figure 7. Socio-demographic factors: (A) sex of the child; (B) age of the mother during pregnancy (age <24 years); (C) age of 
the mother during pregnancy (age ≥30); and (D) parity.

Figure 8. Forest plot showing the effect folic acid supplementation during pregnancy.
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problem, with only 18% of the goal achieved by 2017.48 
This implies that the problem is remarkably high in the 
world and it is worse in Ethiopia where mandatory folic 
acid fortification is not currently part of the feeding system. 
Much work is to be done in the future to mitigate the inci-
dence of this preventative public health issue. Likewise, 
anencephaly is a significant congenital abnormality 
observed among children in Ethiopia with a pooled preva-
lence of 18.90 anencephaly cases per 10 000 children. The 
current finding is significantly lower than the prevalence of 
spinal bifida, which could be the result of the under-report-
ing of anencephaly in Ethiopia. This finding is higher than 
the review finding from the United States where the preva-
lence of anencephaly was 9.5 per 10 000 live births.49 The 
study reported from China (4.92/10 000 live births) also 
revealed lower rates of cases as compared with this find-
ing.50 However, the current finding is lower than the sys-
tematic review reported from India with 21.1 cases (95% 
CI = 16.91-25.29) per 10 000 births.51 As shown with the 
included studies, the number of encephalocele cases is very 
limited in Ethiopia. This could be associated with limited 
access to ultrasound screening during pregnancy, which 
could lead to under-reporting of these cases.

In the current systematic review and meta-analysis, 
the reporting of encephalocele was limited with few 

cases reported by the original studies and only 40 cases 
were reported from 4 articles,26,27,29,38 mostly all con-
ducted in Addis Ababa. This could be because there 
could be an improved reporting system of the cases in 
Addis Ababa since most women give birth in the health 
institutions. Only 1.07 per 10 000 children found to have 
encephalocele. This finding is in line with the preva-
lence of encephalocele in most parts of the world where 
0.8 to 5 cases per 10 00052 were born with encephalo-
cele. However, the current finding was significantly 
lower than a study conducted in Nigeria (66.9 encepha-
loceles per 10 000 births).53 The disparity could be asso-
ciated with improved reporting systems in Nigeria as 
well as the absence of pregnancy scanning services 
especially in areas outside Addis Ababa that could lead 
to underreporting of cases. Improving ultrasound screen-
ing during pregnancy and institutional deliveries in 
Ethiopia would likely result in an increasing number of 
reported encephalocele cases.

In the present meta-analysis, spinal bifida cases were 
remarkably higher than both anencephaly and encepha-
locele cases. This could be associated with poor report-
ing systems by health care providers and some birth 
attendants may hesitate to report anencephaly and 
encephalocele due to the normo-centric nature of most 

Figure 9. Maternal-related factors: (A) history of neural tube defects; (B) family history of neural tube defects; and (C) type 
of pregnancy.
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Ethiopians. In Ethiopia, only a small number of women 
have antenatal care follow-up and around 43% of births 
take place in health institutions.54 Besides, there is very 
limited access to pregnancy scanning (ultrasound imag-
ing) and no concrete data exists on how many pregnant 
women have access to pregnancy scanning. In rural 
areas, most Ethiopian women give birth at health centers 
where there are no ultrasound machines and there are no 
current existing national standards for ultrasound screen-
ing during pregnancy.55 This is likely a contributing fac-
tor to the under-reporting of anencephaly and 
encephalocele cases in Ethiopia. These findings may 
imply that pregnancy imaging could help determine the 
actual figures of NTDs and could provide vital informa-
tion for policy change for a largely preventable disease.

In this study, we explored data from 6 stud-
ies20,25,26,32,40,41 to identify the risk and protective factors 
associated with NTDs among children by reviewing 476 
cases and 1472 controls. Accordingly, sex of the child, 
age of the mother during pregnancy, parity >3, and a his-
tory of stillbirth were found to not be associated with 
NTDs using random-effect model. In contrast, not taking 
folic acid supplementation in the first trimester of preg-
nancy, previous family history of NTDs, and unplanned 
pregnancy were identified as the risk factors contributing 
to the occurrence of NTDs among children.

Based on the random-effect model, women who took 
folic acid during the first trimester of pregnancy were 
found to have a 68% reduced risk of having a child with 
NTDs. This is supported by the scientific fact that taking 
folic acid during pregnancy prevents the occurrence of 
NTDs by enhancing the closure of neural tubes during the 
embryogenesis period, which could prevent an estimated 
230 000 children from unnecessarily developing folic 
acid preventable spinal bifida globally.48 The higher prev-
alence of NTDs observed in Ethiopia could be due to 
lower folic acid supplementation, as Ethiopia is among 
the countries with the highest burden of folate deficiency 
with two thirds of women aged 15 to 49 years exhibiting 
this nutritional deficit.15 However, increasing periconcep-
tional intake of folic acid through fortification of wheat, 
flours, and salts appears to have prevented an estimated 
41 610 folic acid preventable NTDs.5 The current study 
revealed that children with a family history of NTDs have 
a higher risk of developing NTDs compared with their 
counterparts. This could be associated with a genetic 
basis for NTDs.56,57 Besides, unplanned pregnancy is one 
risk factor that contributes to the development of NTDs 
and could be due to inadequate intake of folic acid sec-
ondary to lack of follow-up in an antenatal program in 
Ethiopia where iron and folate is supplemented. Moreover, 
one study20 reported that lower dietary diversity score in 
the mother was a risk factor for the development of NTDs. 

The evidence for this could be elucidated as folic acid is 
primarily obtained from diets, and if the dietary diversity 
of the mother was decreased, there is less chance of 
obtaining folic acid through dietary intake and thus 
increased probability of NTDs. Finally, a study done at 
selected hospitals of the Amhara region reported that 
being alcoholic and the use of herbal medicine were 
found to have an association with all forms of congenital 
malformations.41 This could be due to alcohol-induced 
abnormal embryogenesis and the teratogenic effect of 
alcohol, which may cause the abnormal formation of the 
nervous system.58

Conclusion

Neural tube defects are a neglected public health prob-
lem in Ethiopia and widespread throughout the country. 
Spinal bifida and anencephaly are the most common 
forms of NTDs. Folic acid intake during pregnancy was 
found to be the main preventive factor causing NTDs in 
Ethiopia. The association of family history on the inci-
dence of these anomalies affirms the genetic origins of 
NTDs. Unplanned pregnancy is a risk for NTDs. In 
Ethiopia, periconceptional folate supplementation needs 
to be considered for women during the reproductive age. 
Food fortification with folic acid could also decrease the 
prevalence of these preventable malformations. A 
national surveillance system of congenital anomalies 
along with prospective longitudinal studies assessing 
folic acid and NTDs should be considered to identify all 
the possible factors associated with NTDs.

Strengths and Limitations

The main strength of this systematic review and meta-
analysis was that all efforts were made to obtain findings 
from both electronic and gray literature sources. 
However, a scarcity of primary studies was the main 
limitation of this study. Although there were some stud-
ies from various regions of the country, we did not find 
data from all regions of the country, which prohibited us 
from estimating the geospatial distribution of NTDs in 
Ethiopia.
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