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Abstract: Neural tube defects are
birth deformities of the brain,
spine, or spinal cord which occurs
when the neural tube does not
close properly. Significant link
between dietary folic acid defi-
ciency during pregnancy and the
development of neural tube de-
fects has been found, hence em-
phasis of nutritional supplements
for women in reproductive age for
almost half a century.
Google scholar, PubMed, PubMed
Central were systematically
searched for relevant community-
based and hospital-based studies
up to 30th April 2023. Search
terms used were “neural tube de-
fects”, “folic acid program”,
“Tanzania”, “antenatal care”.
The literature search yielded eight
eligible studies and three surveys
done in few regions of Tanzania.
A prevalence estimate ranging
from 9.9 to 30.2 per 10 000 was
demonstrated. In the studies in-
cluded, the largest sample size was
28 217 participants, and lowest
445 participants.
With the folic acid program, 0.7%
of women of reproductive age
were aware that folic acid intake
during pregnancy can prevent
NTDs. About28.5% of women 15-
49 years of age with children un-
der five years of age took an iron-
folic acid supplementation during
90 days or longer during preg-
nancy for past birth, which was
much lower in Zanzibar (12.8%).
Limited available data on NTD
inform the need for additional
primary, wide scope research that
would expose the true burden of
the defects and facilitate preven-
tive policies on preventive factors.
Efforts to increase intake of folic
acid supplements and fortified
flour among women of reproduc-

tive age and the general commu-
nity are needed to reduce occur-
rence of NTDs.
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Résumé: Les anomalies du tube
neural sont des malformations
congénitales du cerveau, de la
colonne vertébrale ou de la moelle
épinière qui surviennent lorsque le
tube neural ne se ferme pas correc-
tement. Un lien significatif entre
une carence alimentaire en acide
folique pendant la grossesse et le
développement d'anomalies du
tube neural a été découvert, d'où
l'accent mis sur les suppléments
nutritionnels destinés aux femmes
en âge de procréer depuis près
d'un demi-siècle.
Jusqu'au 30 avril 2023, Google
Scholar, PubMed et PubMed Cen-
tral ont fait l'objet d'une recherche
systématique d'études communau-
taires et hospitalières pertinentes.
Les termes de recherche utilisés
étaient « anomalies du tube neural
», « programme d'acide folique »,
« Tanzanie », « soins prénatals ». .
La recherche documentaire a don-
né lieu à huit études éligibles et
trois enquêtes réalisées dans quel-
ques régions de Tanzanie. Une
estimation de prévalence allant de
9,9 à 30,2 pour 10 000 a été dé-
montrée. Dans les études incluses,
la plus grande taille d’échantillon
était de 28 217 participants et la
plus petite, de 445 participants.
Grâce au programme d'acide foli-
que, 0,7 % des femmes en âge de
procréer savaient que la consom-
mation d'acide folique pendant la
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grossesse pouvait prévenir les mals-
die de tube neural (MTN). Environ
28,5 % des femmes âgées de 15 à 49
ans ayant des enfants de moins de
cinq ans ont pris une supplémenta-
tion en fer et en acide folique pen-
dant 90 jours ou plus pendant leur
grossesse pour un accouchement
antérieur, ce qui était beaucoup plus
faible à Zanzibar (12,8 %).
Les données limitées disponibles sur

les MTN soulignent la nécessité
de mener des recherches primaires
supplémentaires a grande echelles
qui exposeraient le véritable far-
deau des défauts et faciliteraient
les politiques préventives sur les
facteurs préventifs. Des efforts
visant à augmenter la consomma-
tion de suppléments d’acide foli-
que et de farine enrichie chez les
femmes en âge de procréer et dans

la communauté en général sont
nécessaires pour réduire l’appari-
tion des MTN.

Mots clés: Anomalies du tube
neural, Spina bifida, Anencépha-
lie, Encéphalocèle, Prévalence des
naissances, Soins prénatals, Sup-
plémentation en acide folique,
Enrichissement des aliments, Tan-
zanie
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Introduction

Neural tube defects (NTD) are birth deformities of the
brain, spine, or spinal cord which occurs when the neu-
ral tube does not close properly. They arise from a flaw
in the embryonic phase of neurulation that normally
takes place in the 3rd and 4th weeks of gestation. Since
rostral and caudal neuropore closure is the last phase of
neurulation, they are particularly vulnerable to defects.1

Anencephaly, encephalocele, craniorachischisis totalis,
and congenital dermal sinus are a few examples of cra-
nial forms of neural tube defects. Spinal form of neural
tube defects includes; Spina bifida, split-cord malforma-
tions, Diastematomyelia, Diplomyelia, Caudal agenesis
and lipomyelomeningocele.

Several randomized controlled trials have revealed a
highly significant link between dietary folic acid defi-
ciency during pregnancy and the development of neural
tube abnormalities. Thus, the value of nutritional supple-
ments for women who are in reproductive age has been
emphasized for almost half a century.2,3

Other factors causing neural tube defects are genetic,
environmental and certain drugs or substance use during
pregnancy (e.g., valproic acid, if given during first four
weeks development as the neural folds are fusing) as
well as presence of chronic disease during pregnancy. [4]

Neural tube disorders further raise health care expenses
for survivors and significantly contribute to disability-
adjusted life years (DALYs), apart from causing still-
births, neonatal, infant, and under-five mortality.5

Globally, it is estimated that approximately 400,000
babies are born each year with neural tube defects and
contribute about 10% of total neonatal mortality.6,7

Among those born with NTDs, mortality is over 75%
before five years.8

Both the birth and total prevalence of NTD have de-
clined during the past three decades among high income
countries.8 Evidence suggests that the reduction in num-
ber is largely due to improvements in folic acid supple-
mentation and food fortification programmes. Addition-
ally, it has been contributed by termination of pregnancy
after the introduction of routine serum alpha-fetoprotein
measurements and advances in ultrasonography resolu-
tion for in utero early detection. 2,4

In Africa, neural tube defects are the most prevalent
birth disorders as it has been reported to affects about 1-
3/1000 babies each year.9

The pooled period prevalence of all neural tube defect

events in Eastern Africa was 33.30 per 10,000 observa-
tions, which is nearly five times that of the United
States.10 Ethiopia, followed by Eritrea, showed the high-
est birth frequency of NTDs, at 59.74. Malawi had the
lowest rate at 4.69.10

Tanzania is an east African low-income country with a
current population of approximately 64 million people.
We aimed to estimate the prevalence of NTD and assess
implementation of the folic acid program in antenatal
care (ANC) in Tanzania including challenges hindering
its effectiveness.

Methodology
We sought to include as many available data sources as
possible.

Review outcomes

The first outcome is the pooled birth prevalence of neu-
ral tube defects, defined as the number of neural tube
defect cases of live births and/or stillbirths at birth from
the total number of births during the study period.
The second outcome is the status of the implementation
of the folic acid program in antenatal clinics

Study eligibility criteria

The inclusion criteria for this review were published and
unpublished studies in any period, with no restriction.
Surveys and reports from Ministry of Health of Tanza-
nia were also included. Case reports, editorials, anony-
mous reports and conferences were excluded.

Searching strategies and information sources

Google scholar, PubMed, PubMed Central were system-
atically searched for relevant studies, both community-
based and hospital-based, up to 30th April 2023. Search
terms used were “neural tube defects”, “folic acid pro-
gram”, “Tanzania”, “antenatal care”

Study selection

After identification of studies through database search-
ing, they were screened by title and abstract. Irrelevant
studies that lacked outcome of interest were excluded.
Full texts for eligible studies were retrieved, and in-
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c l u d e d  i n  t h e  s y s t e m a t i c  r e v i e w .

Results

The literature search in this systematic review yielded
eight studies that met the inclusion criteria and were
done in few regions of the country (Mwanza, Dar es
Salaam, Arusha, Kilimanjaro, Morogoro and Kigoma).
All studies were cross-sectional studies, except one co-
hort study[11] done in Dar es Salaam in 2017. All of the
studies except one that was done by Kinasha et al,[12]

were done in health facilities. A total of 3 surveys/
guidelines were included, which were Tanzania National

Fortification Assessment Coverage Tool (FACT) Survey
in Tanzania (2015),[13]Tanzania National Nutrition Sur-
vey (2018) [14] and National Biofortification guidelines
(2020). [15]

Prevalence of neural tube defect in Tanzania

Great variability of prevalence estimate was demon-
strated, ranging from 9.9 to 30.2 per 10 000. The largest
sample size was from a study done in 2015 in Dar es
Salaam, with 28 217 participants, and the lowest from a
study conducted in Mwanza in 2014, with 445 partici-
pants. Prevalence of neural tube defect was not stated in
some of the studies.

Table 1: Characteristics of the studies included in the systematic review
First author Region Year of publi-

cation
Study design Sample size Duration/

months
Prevalence per 10
000 livebirths

Mashuda et al [16] Mwanza 2014 Cross-sectional 445 4 -
Kishimba et al [17] Dar es Salaam 2015 Cross-sectional 28 217 5 9.9
Kinasha et al [12] Dar es Salaam 2003 Cross-sectional 11 500 24 30.2
Magwesela et al [18] Arusha 2022 Cross-sectional 822 120 -

Folic acid program in Tanzania

In the Tanzania National Nutrition Survey (2018),
28.5% of pregnant women 15-49 years of age with chil-
dren under five years of age took iron-folic acid supple-
mentation for 90 days or longer after the preceding birth.
The rate was much lower in Zanzibar, at 12.8%.

Different uptake rates of the folic acid program were
observed. The largest sample size was observed in a
study done by Ogundipe et al19 with a sample size of 21
889 which showed a prenatal folic intake of 17.2%.
Awareness that folic acid intake during pregnancy can
prevent NTDs among women of reproductive age was
0.7%, as observed by Mwandelile et al.20

Table 2: Outcome of implementation of the folic acid program

First author Region Year of
publication

Study design Sample size Duration/
months

Outcome

Ogundipe et al
[19]

Kilimanjaro 2012 Cross-sectional 21 889 120 Prenatal folic acid intake –
17.2%

Mwandelile et
al [20]

Morogoro 2019 Cross-sectional 698 1 Folic acid fortified flour con-
sumption – 63.3%
Awareness of folic acid fortified
flour – 6.9%

Lyoba et al[21] Kigoma 2020 Cross-sectional 320 1 Adherence to Iron/Folic acid
supplementation – 20.3%

Noor et al [11] Dar es Sa-
laam

2017 Cohort 600 12 Mean plasma folate concentra-
tion doubled 6 months after for-
tification

Discussion

Studies showing the overall prevalence and pattern of
distribution of NTDs in Tanzania remains scarce in the
literature. Prevalence rates ranging from 9.9 to 30.2 per
10 000 live births were noted in this systematic review.
Iron and folic acid supplementation has been instituted
as a key component of antenatal services since the estab-
lishment of maternal and child health services in the
1960s 15 Tanzania passed a policy for mandatory fortifi-
cation of commercial wheat and maize flour with micro-
nutrients, including folic acid in 2011.13 To our knowl-
edge, this is the first systematic review that explored the

prevalence and implementation of the folic acid program
in Tanzania.

The two studies that reported NTD prevalence in our
systematic review were done in the same region but dif-
ferent levels of hospitals, more than ten years apart. The
prevalence of 30.2 per 10 000 live births was reported
from a single tertiary hospital, which receives referrals
from the whole country hence having a higher pooled
prevalence as compared to the other study. Prevalence
rates of NTDs seen in developed countries ranging from
2.2 to 6.9 per 10 000 live births are far lower than found
in the current review.22,23,24,25 These variations might be
explained by the influence of racial, geographical, nutri-
tional, socioeconomic and biological differences. Elec-
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tive termination of pregnancy after prenatal NTDs diag-
nosis in the developed countries may also have affected
the prevalence.

Tanzania adopted the WHO recommendation requiring
all pregnant women to take 400 micrograms of folic acid
daily starting early at first antenatal visit. Since adop-
tion, the Ministry of Health has worked closely with
important stakeholders to make sure that the folic acid
supplementation program is sustained in all health facili-
ties, both in urban and rural areas. Folic acid supplemen-
tation is also reflected in the current national antenatal
care guideline, in support of sustainability plan, and is
offered for free as part of the antenatal package in com-
bination with Iron.26 According to the 2018 Tanzania
National Nutrition Survey (TNNS)14, the proportion of
pregnant women taking iron-folic acid supplements had
increased over time form 3.5% in Tanzania Demo-
graphic Health Survey (TDHS) 2010 to 17.5% in the
TNNS 2014, to 21.4% in the TDHS 2015-16, and fur-
ther to 28.5% in 2018. This proportion was however not
stated in the TDHS 2022 key indicators report.27

Mandatory fortification policy of commercial wheat and
maize flour with folic acid was passed in Tanzania in
2011.13 In developed countries, folic acid fortification of
staple foods has been in place for over two decades after
several studies demonstrated that it can help to prevent
neural tube defects.7 Risk of NTDs is high during the
first few weeks post conception during embryology. In
our setting, most often pregnancies are unplanned thus
missed in the early stages, hindering target interventions
to prevent this risk, especially during peri-conception
period. Fortification of staple foods with folic acid al-
lows all women to access this nutrient throughout their
reproductive years and thus reduce the risk of NTDs
without active behavioral change.7

Challenges with micronutrient supplementation such as
folic acid in Tanzania has been linked to unsustainable
supply of commodities due to dependence on donor
funds.15 Another challenge identified by Mwandelile et
al20 was the low awareness of the preventive role of folic
acid among women of reproductive age. The observed
awareness rate of 0.7% was far lower than 16.3%, 17%,
and 24% reported from Nepal, Europe and USA, respec-
tively.28,29,30 The reason for this disparity could be due to
the fact that during antenatal clinic visits, folic acid is
provided in combination with iron in a formulation
known as FEFO with health education on prevention of
anaemia alone, therefore awareness of folic acid in the
formulation prevents NTDs remains poor. Challenges to
sustain food fortification include dependence on im-
ported food fortifiers, high price of fortified food and
underutilization of fortified food especially in the rural
areas where locally made food is preferred.15

The results of this systematic review contribute to litera-
ture and necessitate call for action to reduce the burden
of NTDs in Tanzania. Public health interventions can be
conceptualized to increase awareness in the community

and among health care providers at the antenatal clinic.
Internationally recommended daily intake of 400 micro-
grams folic acid for primary prevention among low-risk
women preconceptionally should be advocated.31 Inter-
ventions for fortifying dietary foods with folic acid in
local-level context should be sought, matching the uni-
versal iodization experience which has now proven to be
efficient and successful to prevent acquired cause of
intellectual disability.32

The main limitation of this review is the limited number
of published studies. We did not find data from all the
regions of the country, and no availability of sources of
nationwide data showing the burden of NTDs. Most
studies looked at the prevalence of birth defects as a
whole, not showing the prevalence of NTDs. Most stud-
ies obtained were done in health facilities, not capturing
community involvement which may lead to an underes-
timation of the burden of neural tube defects due to un-
derreporting (home births). The TDHS 2022 key indica-
tors report27 showed that 81% of live births and 93% of
still births in the two years preceding the survey were
born in a health facility. These high percentages imply
that institutional data may reflect population figures
because most of the NTDs can still be picked in health
facilities. Estimation of the prevalence may also be af-
fected by miscarried pregnancies due to NTDs.

Conclusion

Although few studies have been conducted to determine
the prevalence of NTD in Tanzania, the reported preva-
lence is noted to be high compared to other countries.
Also, the use of folic acid supplementation for pregnant
women is low and does not meet WHO recommenda-
tions for the prevention of NTD and anaemia during
pregnancy. Low awareness of existence of fortified flour
underscores the efforts and importance of mandatory
fortification.
Therefore, to reduce the burden of NTD and to prevent
folic acid deficiency, government should strengthen the
folic acid program to create community awareness,
health promotion and counseling; education programs
among health care providers and pregnant women at
ANC. Moreover, efforts to increase intake of folic acid-
fortified flour among women and the general commu-
nity are needed. We recommend ensuring availability of
folic acid fortified flour by scaling up fortification pro-
grams to all selected food vehicles especially maize
flour fortification including small-scale mills in our set-
tings.

Limited available data on neural tube defects inform the
need for additional primary, wide scope research that
would improve the true burden of the defects and facili-
tate preventive policies on preventive factors. This can
be achieved by establishing a population-based birth
defects surveillance program, and large community-
based studies in different geographical, environmental
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and socio-economic settings should be conducted to
provide accurate and reliable estimates of the prevalence
and risk factors for NTDs in Tanzania.
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