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Abstract
Background: Neural tube defects have a considerable importance because they can be prevented
by supplementing Folic acid & Vitamin B12 during periconceptional period and fortification of
staple foods. In Morocco, the Ministry of Health launched a national program for fortification of
flour with folic acid. Our goal should be to evaluate the prevalence of neural tube defects after fortification. Description: This is a retrospective descriptive at the National Reference Centre for Nutrition and Neonatology of the Children’s Hospital of Rabat over 4 years. Data were identified from
the registry of congenital malformations held at the perinatology unit. Results: During the 4 years,
674 congenital malformations were identified. The neural tube defects NTDs account for 11.9%.
Their annual prevalence decreased significantly from 21.78 in 2008 to 12.1 per 10,000 total births
in 2011. The most common form was anencephaly (60%). Neural tube defects were isolated in
85% of cases and associated with other malformations in 15% of cases. 49.4% of infants with
neural tube defects were female and 50.6% were male. Perinatal mortality in newborns with
neural tube defects was 63.8% versus 25.2% in malformed newborns without neural tube defects.
Conclusions: The neural tube defects seem to be common in our context. Permanent epidemiological surveillance is needed to determine the true prevalence at the national as well as its temporal
trends level.
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1. Background

The term “Neural tube defects” means a group of birth defects resulting from defective closure of the neural
tube during embryogenesis, about 25 - 27 days after conception [1]. This accident can occur at any level of the
neural plate, the cephalic end to the caudal end, and to a variable extent. This results in abnormalities of the meninges, the bony structures (vertebrae or skull), and integument compared with a variable impact on the nervous
tissue [2]. These malformations are usually divided into cephalic and spinal forms. They include anencephaly,
spina bifida and encephalocele [3]. The importance of this type of malformations due to both morbidity and
mortality they cause and the opportunities that exist to control the appearance by means of primary prevention.
There are two possibilities for this prevention: systematic drug supplementation and fortification of staple foods.
Means neither is sufficient in itself and it is probably a combination of the two that will prevent the neural tube
defects [4].
Reddi Rani, Manjula in their clinical and USG study of evaluation of 100 cases of polyhydramnios observed
40 babies with congenital anomalies, and 21 cases had craniospinal CNS anomalies [52.5%]. NTDs were 14 3
[14%] [5]. Balakumar K. studied 30,030 singleton 9 41 weeks gestation, ultrasonography done and the analysis
reported as 2.59% had major foetal anomalies, 336 cases [39.20%] had CNS anomalies, NTDs were 250 [0.83%]
[6]. Sania Tanveer et al. reported study of 3310 deliveries and 46 cases with NTDs giving incidence of 1.39%.
Ghanashyam Das et al. [7] reported a rare occurence of a case of Dizygotic twin with meningomyelocele in both
the 7 babies.
Ministry of Health in Morrocco, with the support of its partners, has launched a national flour fortification
with folic acid and conducted a pilot experience at 20 public health centers and 4 hospital departments. The results reported an estimated 33.6 per 10,000 live births before starting the fortification program in Morocco [4].
The purpose of this study was to evaluate the prevalence of NTDs changes at the National Reference Centre
for Nutrition and Neonatology of the Children’s Hospital of Rabat during the years 2008, 2009, 2010 and 2011,
during which the fortified flour with folic acid is on the Moroccan market.

2. Construction and Content
2.1. Data Source
This is a unicentric retrospective descriptive study at the National Reference Centre for Nutrition and Neonatology of the Children’s Hospital of Rabat over a period of 4 years between 1 January 2008 and 31 December
2011 data were recorded from the register of Congenital Malformations held at the perinatology unit. The sex of
the newborn, its viability at birth and the type of malformation.
Case definition: All defects were taken into account whether single or multiple. Malformations were classified
according to the categories proposed by the standardized classification of European surveillance of congenital
anomalies. These categories are: nervous system, eye, ear, face, neck, heart, respiratory system, oral facial clefts,
the digestive system, abdominal wall, the urogenital system, members and anomalies chromosome (EUROCAT:
www.eurocat-network.eu).
Newborn with malformation syndromes were classified polymalformation. Newborns whose specific type of
malformation was not mentioned on the record or having a defect that is not part of the categories listed above
were classified in the category unspecified malformation or other. NTDs are classified in the category of malformations of the nervous system and include cases of anencephaly, spina bifida and isolated or associated with
other malformations of the nervous system malformations classified in other categories encephalocele.
The prevalence of congenital malformations of all types refers to the number of newborns with malformations
among births (live births and stillbirths), divided by the total number of births. The prevalence of NTDs in turn
refers to the number of newborns with NTDs among births (live births and stillbirths), divided by the total number of births.
Immediate perinatal mortality in infants malformed corresponds to the number of stillbirths and deaths in the
delivery room with a malformation based on the total number of malformed newborns.

2.2. Statistical Analysis
The statistical study was performed using SPSS Version 17.0 software. Data were expressed as percentages and
comparisons were performed by the Chi2 test (χ2) of Pearson. A p value less than 0.05 was used as the threshold
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for statistical significance.

3. Results
 Birth defects of all types
The number of total births registered during the 4 years was 60,017: 13,768 in 2008, 14,569 in 2009, 15,152
in 2010 and 16,528 in 2011; 492 malformed infants were identified.
The annual prevalence decreased from 98.77 per 10,000 total births in 2008 to 80.46 in 2011. This decrease is
not statistically significant (p = 0.07) (Figure 1). 54.5% of infants were male, 42.1% female and 3.4% of unknown sex. 13.4% of infants were stillborn. Early neonatal deaths were recorded in 18.1% of cases. The most
common malformations were neurological malformations (20%) and first NTDs (11.9%) (Table 1).
 NTDs

3.1. Prevalence
The annual prevalence of NTDs has declined significantly between 2008 and 2011 (p = 0.01) (Figure 2). That
of anencephaly increased from 15.25 in 2008 to 7.86 per 10,000 total births in 2011 (Figure 3). This decrease
was statistically significant (p < 0.01). About spina bifida, prevalence decreased non significantly between 2008
and 2011 (p = 0.7) (Figure 4). A single case of encephalocele was recorded in 2008.

3.2. Distribution of NTDs by Type
Eighty neural tube defects were identified. The most common form was anencephaly (60%). Spina bifida was
found in 38.8% of cases.

Figure 1. Prevalence of congenital malformations 2008-2011.

Figure 2. Prevalence of NTDs 2008-2011.
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Figure 3. Prevalence of anencephaly 2008-2011.

Figure 4. Prevalence of spina bifida 2008-2011.
Table 1. Types of NTDs.
Malformation

2008

2009

2010

2011

Total

Neurological

50

19

31

33

133 (19.7%)

Neural tube

30

13

17

20

80 (11.9%)

Microcephaly

0

1

1

0

2 (0.3%)

Hydrocephaly

17

4

11

12

44 (6.5%)

Others

3

1

2

1

7 (1%)

Eye

1

1

1

0

3 (0.4%)

Ear, face

4

4

3

3

14 (2%)

Orofacial clefts

9

3

9

12

33 (4.9%)

Digestive

5

0

3

0

8 (1.2%)

Abdominal wall

8

3

5

2

18 (2.7%)

Respiratory

1

0

2

0

3 (0.4%)

Cardiac

1

0

1

0

2 (0.3%)

Urogenital

14

14

10

14

52 (7.7%)

Membres

24

28

22

25

99 (14.7%)

Genetic

16

17

10

16

59 (8.8%)

Polymalformation

17

19

23

28

87 (13%)

Others

8

10

1

11

30 (4.5%)

Total

208

137

152

177

674
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3.3. Distribution of NTDs by Isolated or Associated Character with Other Abnormalities
NTDs were isolated in 85% of cases and associated with other malformations in 15% of cases. Of the 48 children with anencephaly, 3 had other malformations polymalformation in 2 children and ambiguity and clubfoot in
children. Spina bifida was isolated from 22 newborns and associated with other malformations in 9 neonates
(Table 2).

3.4. Sex Distribution
49.4% of infants with neural tube defects were female and 50.6% male. The difference is not significant (p =
0.26). 54.3% of anencephalic infants were female and 45.7% male. Statistically, the difference was not significant (p = 0.12). 43.9% of newborns with spina bifida were female and 56.7% male. The difference is not significant (p = 0.97). The only patient with an encephalocele is a boy.

3.5. Immediate Perinatal Mortality
Perinatal mortality in newborns with neural tube defects was 63.8% against 25.2% in newborns without malformed neural tube defects. The difference is statistically significant (p < 0.01).

4. Utility and Discussion
Birth defects are the leading cause of infant mortality in developed countries [8] and they are among the five
leading causes in many developing countries [9].
Malformations of the central nervous system are the most common birth defects and NTDs constitute the
greater part [2]. In our work, malformations of the nervous system are the most frequent and the first neural tube
defects. NTDs are the result of a combination of environmental and genetic factors. Only nutritional factors are
risk factors on which it is possible to influence [10].
Folate (vitamin B9) and vitamin B12 are very important in reducing the occurrences of NTDs [11]. Folate is
required for the production and maintenance of new cells, for DNA synthesis and RNA synthesis. Folate is
needed to carry one carbon groups for methylation and nucleic acid synthesis. It has been hypothesized that the
early human embryo may be particularly vulnerable to folate deficiency due to differences of the functional enzymes in this pathway during embryogenesis combined with high demand for post translational methylations
Table 2. Distribution of NTDs based on single or associated character.
Anomalies

Number of cases

Isolated NTD

68 (85%)

Anencephaly

45

Spina bifida

22

Encephalocele

1

Associeted NTD

12 (15%)

Spina bifida + hydrocephaly

4

Spina bifida + macrocrania

1

Spina bifida, cleft lip and palate, malformation of members, cardiopathy

1

Spina bifida, club foot, trisomic facies

1

Spina bifida + club foot

1

Anencephaly + polymalformation

2

Anencephaly, trouble of sex differences, club foot

1

Spina bifida + polymalformation

1

Neural tube defects (NTDs).
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of the cytoskeleton in neural cells during neural tube closure [11].
The association seen between reduced neural tube defects and folic acid supplementation is due to a gene-environment interaction such as venerability caused by the C677T Methylenetetrahydro folate reductase (MTHFR)
variant. Supplementing folic acid during pregnancy reduces the prevalence of NTDs by not exposing this otherwise sub-clinical mutation to aggravating conditions [12].
Other potential causes can include folate antimetabolites (such as methotrexate), maternal diabetes, maternal
obesity, mycotoxins in contaminated corn meal, arsenic, hyperthermia in early development, and radiation [13].
Studies have shown that both maternal cigarette smoking and maternal exposure to secondhand smoke increased
the risk for neural tube defects in offspring. A mechanism by which maternal exposure to cigarette smoke could
increase NTD risk in offspring is suggested by several studies that show an association between cigarette smoking and elevations of homocysteine levels. The study suggests that cigarette smoke, including secondhand exposure, is not only hazardous to the mother, but may also interfere with neural tube closure in the developing
embryo [14].
All of the above may act by interference with some aspect of normal folic acid metabolism and folate linked
methylation related cellular processes as there are multiple genes of this type associated with neural tube defects.
Our cohort allowed having an annual incidence of occurrence of TND based solely on the parturients s prenatal care regardless of other known risk factors in the literature.
Many interventional and observational studies have shown that 50% to 70% of NTDs can be prevented by
supplementing Folic acid & Vitamin B12 during periconceptional period [15]. These data led, in 1992, health
authorities in several countries to advocate routine supplementation for all women in the periconceptional period,
using synthetic folic acid at a daily dose of 400 mcg orally in the general population and 4 mg in women who
have had one child with NTD [16]. Today, approximately 40 countries have mandated the fortification of flour
with folic acid [9]. More recently several studies on the effects of folic acid fortification have been published
[16].
The protective effect was confirmed in several countries and regions studied and ranged from 16% to 78%
[17]. Trough these data, Morocco has adopted a national program of fortification of flour with folic acid since
2007. Nevertheless, this strategy has not yet been assessed nationally.
At maternity care Souissi, the prevalence of neural tube defects has declined between 2008 and 2011 in a
meaningful way. This decrease is mainly attributed to the decrease in prevalence of anencephaly which decreased 15.25 2008 7.86 in 2011. Although the relationship of cause and effect can not be inferred, the decrease
prevalence of NTDs could be explained by the effect of fortification but also by improving prenatal diagnosis.
However, the observed prevalence of NTDs remains high compared to other countries which have decided the
systematic fortification of flour with folic acid as Chile 8.6 per 10,000 births [18] and Costa Rica 5.04 per
10,000 births [9]. This little be explained by geographic and ethnic variations that have been reported in the literature [2]-[19].
Anencephaly is the most common neural tube defects form. It represents 50% to 65% [20]. In our series, it
was found in 60% of cases reported during the 4 years. NTDs are more common in newborns female [20]. This
predominance is more pronounced for anencephalic infants [20]. In our series, a female predominance was observed in newborns with NTDs and in anencephalic infants, but the difference with malformed infants not having a neural tube defect is not significant.
The association of neural tube defects with other malformations has been reported in the literature in 20% of
cases [8]. This was found in 15% of neonates in our series.

5. Conclusion
The TNDs are purveyors of high mortality and morbidity. They seem to be common in our context from the data
of this work. Permanent epidemiological surveillance is needed to determine the true prevalence at the national
as well as its time trend. It will also enable to evaluate strategies of health authorities concerning such defects.
For this, the establishment of a national registry of NTDs is necessary. The participation of health actors whether
it be general practitioners, gynecology obstetricians, paediatricians and midwives is essential.
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