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There is scarcity of data on prevalence of neural tube defects (NTDs) in lower-income countries. Local data are important to
understand the real burden of the problem and explore risk factors to design and implement preventive approaches. This study
aimed to determine prevalence and risk factors of NTDs. A hospital-based cross-sectional and unmatched case-control study
was conducted at three teaching hospitals of Addis Ababa University. NTDs were defined as cases of anencephaly, spina bifida,
and encephalocele based on ICD-10 criteria. The prevalence of NTDs was calculated per 10,000 births for both birth and total
prevalence. During seven months, we observed 55 cases of NTDs out of 8677 births after 28 weeks of gestation—birth prevalence
of 63.4 per 10,000 births (95% confidence interval (CI), 51–77). A total of 115 cases were medically terminated after 12 weeks of
gestation. Fifty-six of these terminations (48.7%) were due to NTDs.Thus, total prevalence of NTDs after 12 weeks’ gestation is 126
per 10,000 births (95% CI, 100–150). Planned pregnancy (adjusted odds ratio (aOR), 0.47; 95% CI, 0.24–0.92), male sex (aOR, 0.56;
95% CI, 0.33–0.94), normal or underweight body mass index (aOR, 0.49; 95%, 0.29–0.95), and taking folic acid or multivitamins
during first trimester (aOR, 0.47; 95%, 0.23–0.95) were protective of NTDs. However, annual cash family income less than $1,300
USD (aOR, 2.5; 95%, 1.2–5.5), $1,300–1,800 USD (aOR, 2.8; 95%, 1.3–5.8), and $1,801–2,700 USD (aOR, 2.6; 95%, 1.2–5.8) was found
to be risk factors compared to income greater than $2,700 USD. The prevalence of NTDs was found to be high in this setting.
Comprehensive preventive strategies focused on identified risk factors should be urgently established. More studies on prevention
strategies, including folic acid supplementations, should be conducted in the setting.

1. Introduction

Neural tube defects (NTDs), a common group of central
nervous system anomalies, comprise a major public health
problem. It is estimated that approximately 300,000 babies
are born each year with NTDs worldwide [1]. According
to the World Health Organization (WHO) in 2010, an
estimated 270,000 neonatal deaths globally were attributable
to congenital anomalies, with NTDs being one of the most
serious and most common of these anomalies [2, 3].

Both the birth and total prevalence of NTD have declined
during the past three decades among high income countries
[4–6]. Evidence suggests that the reduction in the birth preva-
lence of NTDs is largely due to termination of pregnancy
after the introduction of routine serum alpha-fetoprotein

measurements and advances in ultrasonography resolution
for in utero early detection and termination of affected
pregnancies [5, 6]. Additionally, improvements in folic acid
supplementation have contributed to the reduction in total
prevalence of NTDs [6]. For example, the incidence of
myelomeningocele in Seattle, Washington, USA, was 5 per
10,000 births in 1981–1982, which then declined to 0.5 in 2001
[7]. The prevalence of NTDs in England and Wales was 38.0
per 10,000 live births in 1965, which steadily declined to 1.4 in
1997, a reduction of 96% [8]. Contrary to the developedworld,
prevalence of birthNTDs in developing countries is still high,
with reported incidence as high as 130 per 10,000 births [9].

Data on the prevalence of NTDs are limited in lower-
income countries despite the WHO resolution on birth
defect surveillance [10]. A recent systematic review showed
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that many WHO member states (120/194) did not have any
data on NTD prevalence [11]. Similarly, NTD prevalence in
Ethiopia is not clearly known, and the country currently
has no national preventive strategies. A retrospective chart
review from Addis Ababa teaching hospitals revealed the
overall prevalence of NTDs to be 6.1/1000 births [12]. The
review concludes by recommending prospective studies to
understand the real burden of NTDs.

Given the high prevalence of NTDs in the Ethiopian
setting from retrospective data, it is imperative to inves-
tigate the burden and pattern of NTDs by prospectively
following delivery outcomes. Moreover, to suggest plausible
recommendations regarding preventive strategies against
these disorders, risk factor assessment using a case-control
design is important. In the current study, as there is no
established preventive strategy for NTDs in Ethiopia [12, 13]
and as the country is mostly a low income setting with low
educational attainment and poor socioeconomic status, we
hypothesize that the prevalence of NTDs in Ethiopia would
be high and the risk factors associated with their occurrence
are different from studies in high income settings. Hence,
the current study sets out to investigate the prevalence of
NTDs among pregnancy terminations and deliveries inmajor
teaching hospitals in Addis Ababa. Additionally, the risk
factors associated with NTDs are explored.

2. Methods and Materials

2.1. Study Area, Period, and Design. The study was conducted
in Addis Ababa, Ethiopia’s largest urban center and capital
city, with 3.3 million inhabitants with male to female ratio
of 0.91 in 2013 [14]. According to Ethiopian Demographic
and Health Survey (EDHS) 2011, the coverage of antenatal
care (ANC) services, birth assistance by skilled provider, and
postnatal care in the city were 93.6%, 83.9%, and 47.7%,
respectively [13].

The current study used two study designs, namely, a
prospective cross-sectional and a hospital-based case-control
study. A prospective registration of all birth outcomes was
conducted between February 1, 2016, and August 30, 2016,
at three major hospitals in Addis Ababa to understand the
prevalence of NTDs. An institution-based, unmatched case-
control study was conducted to identify the risk factors
associated with NTDs. The three hospitals, Tikur Anbessa
Specialized Hospital (TAH), Zewditu Memorial Hospital
(ZMH), and Gandhi Memorial Hospital (GMH), are the
major teaching hospitals for Addis Ababa University. They
provide 24-hour obstetrics and gynecology care for the city.
The total number of annual deliveries in the three hospitals
is more than 15,000 with a Cesarean section (CS) rate of
30–40%. Most of the deliveries and evaluations are made by
obstetrics and gynecology residents under the supervision of
senior obstetrician and gynecologists.

Sample size of the studywas calculated separately for both
the prevalence and risk factors to NTDs. For the prevalence,
considering the prevalence of NTDs to be similar to a
retrospective study in Addis Ababa of 6% [12], and using
a single proportion formula at 95% CI and 0.5% margin of
error, a total of 8,663 pregnant mothers had to be enrolled

to have 80% power in estimating the burden of NTDs in
the setting. Based on this sample size, and considering the
delivery rate at the hospitals, at least a seven-month duration
of data collectionwas decided. A total of 8,677 deliveries were
evaluated during the predefined data collection period. For
assessing risk factors for NTDs, using Epi Info, Stat Calc, and
considering 95% confidence level (CI), 80% power, control
to case ratio of 2, minimum odd ratio (OR) of 2, and 10%
nonresponse gave a minimum sample of 111 cases of NTDS
and 222 controls.

2.2. Data Collection Process and Analysis. All intern doctors,
residents, midwives, and clinical nurses were informed to
report to the principal investigator whenever suspected cases
of NTDswere delivered ormedically terminated. Afterwards,
data were collected by trained intern doctors and residents
working at the selected hospitals in the postpartum or
postabortal period and before discharge of the women.
NTDs were defined as cases of anencephaly, spina bifida,
and encephalocele (ICD-10) [15] among infants of any ges-
tational age and medically terminated NTDs incompatible
with life. Cases were ascertained by two senior obstetrics
and gynecology residents by gross visual examination [16].
Radiologists used ultrasonography to perform prenatal diag-
nosis for termination of pregnancy, and senior obstetrics and
gynecology residents confirmed diagnoses after expulsion by
gross appearance of the abortus.

For the case-control design, to assess risk factors for
NTDs, for each confirmed case of NTD, two mother-baby
dyads with a normal delivery were selected systematically
from that same day’s delivery list of the same hospital.
Cases with any ambiguity or multiple congenital anomalies
were excluded from the study to avoid misclassification.
Live birth or stillbirth was considered after 28 weeks of
gestation or birth weight of 1,000 gm and greater. Elective
termination of pregnancy for NTDs was made after 12 weeks
of gestations and diagnosis via ultrasonography. NTDs cases
were identified and ascertained within one week of birth or
termination.

Data were collected by face-to-face interviews using a
structured questionnaire adapted from theWHObirth defect
surveillance tool [16]. Data were entered and analyzed using
SPSS version 20 statistical package. The prevalence of NTDs
calculated for both birth prevalence and total prevalence per
10,000 based on birth outcomes [live births (LBs), stillbirths
(SBs), and terminated pregnancy]. Birth prevalence of NTDs
is defined as number of cases of LBs or SBs with NTDs after
28 weeks of gestation (numerator) among a total number of
LBs plus SBs during the study period. Total prevalence of
NTDs is defined as number of NTD cases of LBs, SBs, and
terminated pregnancy for fetal NTDs (numerator) among a
total of LBs, SBs, and terminated cases beyond 12 weeks of
gestation during the study period.The 95% CI for prevalence
of NTDs was calculated using the binomial distribution
as the number of cases in each category was greater than
30. Both bivariate and multivariate analyses were done to
identify risk factors of NTDs. Out of the total independent
variables,𝑝 values of less than 0.25were taken formultivariate
analysis. Stepwise backward multivariate logistic regression
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analysis was used to identify the best model with maximum
predictive ability, which was used for final analysis. 𝑝 value
less than 0.05 was used as cut-off point for multivariate
analysis.

In the current study, preconception was used to refer
to the preceding three months before conception, while
periconceptionwas used to refer to the period including three
months before conception (preconception) and the first three
months after conception (first trimester). Preconception care
is any type of care (health promotion, treatment, and supple-
mentation) provided to awoman before conception. Drugs in
this study means both prescribed pharmaceuticals and over
the counter medications, not drugs used for recreations.

2.3. Ethical Consideration. Ethical clearance was obtained
from the institutional review board (IRB) of College of
Medicine and Health Sciences of Addis Ababa University
(CMHS, AAU). A formal letter obtained from CHMS, AAU
requesting permission to cascade the study was sent to each
hospital’s medical director. After the purpose of the study
was described to the participating women, written consent
was obtained from each one of them. In order to maintain
confidentiality of any information provided by study subjects,
the data collection procedure was anonymous. Participants
with NTDs were counselled about the condition of their
baby on the day following their delivery and the benefits of
preconception folic acid supplementation to decrease future
recurrence of NTDs.

3. Results

3.1. Sociodemographic Characteristics of the Participants. A
majority of the cases (94.6%) and controls (94.1%) were from
Addis Ababa. There was no difference between the mean age
of cases (26.9; ±4.6) and controls (26.7; ±5.2) (𝑝 value; 0.193).
Moreover, there was no difference between the cases and
controls in terms of the participants’ religion, marital status,
educational status, family size, and occupation. However,
there was a statistically significant difference in prepregnancy
body mass index (BMI) (𝑝 value; 0.041) and family annual
cash income (𝑝 value; 0.032) [Table 1].

3.2. Obstetric History of Participants. There was no difference
between the cases and controls in terms of history of abortion
(𝑝 value; 0.198), stillbirth (𝑝 value; 0.364), and congenital
anomaly birth (𝑝 value; 0.820). There were three (2.7%)
cases of congenital anomaly (all NTDs) in the cases, and
seven (3.2%) cases of congenital anomaly (five NTDs and
two congenital heart diseases) in the controls. Out of those
with anomaly birth history, none of the cases and 85.7% of
the controls had preconception folic acid supplementation,
which is a statistically significant difference (𝑝 value; 0.033)
[Table 2].

3.3. Periconceptional Characteristics of the Study Participants.
Out of the total participants, 40.5% (24.3% cases and 16.2%
controls) of the pregnancies were unplanned (𝑝 value; 0.075).
One-third (30.6%) of the participants (9.9% cases and 20.7%
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Figure 1: Total and birth prevalence of NTDs, Addis Ababa
University Teaching Hospitals, Ethiopia, February 1 to August 30,
2016 (𝑛 = 333).

controls) had preconception care, which is significantly dif-
ferent between cases and controls (𝑝 value; 0.014). However,
only 14.4% of the participants (5.4% cases and 9% controls)
had preconception folic acid or multivitamin supplementa-
tion (𝑝 value; 0.364). There was a significant difference (𝑝
value; 0.001) between cases (3.5%) and controls (30.6%) for
use of folic acid ormultivitamin in the first threemonths after
conception [Table 3].

3.4. Prevalence of Neural Tube Defects. During the study
period, there were a total of 8,677 births after the 28th week of
gestation. A total of 115 pregnancies were terminated between
the 12th and 28th weeks of gestation; of these, 56 pregnancies
were terminated because of presence of NTDs. A total of
55 cases of NTDs were documented after the 28th week of
gestation. The overall prevalence of NTDs after 12 weeks
of gestation was found to be 126 per 10,000 births (95%
CI, 100–150). Among live births and stillbirths, excluding
medically terminated cases, the birth prevalence ofNTDswas
63.4 per 10,000 births (LBs and SBs) (95% CI, 51–77).

Anencephaly (68 cases per 10,000 births), spina bifida
(51 cases per 10,000 births), and encephalocele (seven cases
per 10,000 births) were the most common types of the
NTDs. Excluding terminated cases as a prevention, the birth
prevalence of anencephaly was 17.3 cases per 10,000 live and
stillbirths; prevalence of encephalocele was 3.5 cases per
10,000 live and stillbirths; and spina bifida prevalence was 40
cases per 10,000 live and stillbirths [Figure 1].

3.5. Characteristics of Neural Tube Defects. Out of the total
cases of NTDs, 54.1% were cases of anencephaly; 40.5%,
spina bifida; and 5.4%, encephalocele. Diagnosis of NTDs
was made by ultrasound before birth for 96/111 (86.5%) cases,
while the remaining cases were diagnosed at birth even
though there was at least one ultrasound scan during ANC.
The mean gestational age at diagnosis was 25 weeks (±8) and
the mean gestational age at delivery or termination was 29
weeks (±9) [Table 4].
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Table 1: Sociodemographic characteristics of the study participants, Addis Ababa University Teaching Hospitals, Ethiopia, February 1 to
August 30, 2016 (𝑛 = 333).

Variables Case (%) Controls (%) 𝑝 value
Residence 0.867

Addis Ababa 105 (94.6) 209 (94.1)
Outside Addis Ababa 6 (5.4) 13 (5.9)

Age of participants (mean; SD) 26.9; ±4.6 26.7; ±5.2 0.193
≤20 12 (10.8) 18 (8.1)
21–25 44 (39.6) 74 (33.3)
26–30 35 (31.5) 84 (37.8)
31–35 12 (10.8) 38 (17.1)
>35 8 (7.2) 8 (3.7)

Age of partners (mean; SD) 32.0; ±7 32.5; ±7 0.252
20–29 42 (37.8) 82 (36.9)
30–39 57 (51.4) 101 (45.5)
≥40 12 (10.8) 39 (17.6)

Religion 0.929
Christian 83 (74.8) 165 (74.3)
Muslim 28 (25.2) 7 (25.7)

Marital status 0.339
Married 106 (95.5) 206 (92.8)
Others 5 (4.5) 16 (7.2)

Educational status 0.532
No formal education 14 (12.6) 23 (10.4)
Primary school 46 (41.4) 78 (35.1)
Secondary school 28 (25.2) 68 (30.6)
Above secondary 3 (20.7) 53 (23.9)

Partner education status 0.269
No formal education 10 (9) 20 (9)
Primary school 37 (33.3) 52 (23.4)
Secondary school 30 (27) 67 (30.2)
Above secondary 34 (30.6) 83 (37.4)

Occupation 0.104
Employed 31 (27.9) 62 (27.9)
Merchant 10 (9) 43 (19.4)
Daily laborer 12 (10.8) 29 (13.1)
Housewife 58 (52.3) 88 (39.6)

Family size (mean; SD) 3.0; ±1.2 3.2; ±1.3 0.061
≤3 81 (73) 139 (62.6)
>3 30 (27) 83 (37.4)

Family annual cash income (USD) 889; ±964 2310; ±1605 0.032
(mean; SD)

$<1300 29 (26.1) 49 (22.1)
$1300–1800 35 (31.5) 55 (24.8)
$1801–2700 27 (24.3) 43 (19.4)
$>2700 20 (18) 75 (33.8)

Prepregnancy BMI (mean; SD) 23; ±3.1 22; ±2.8 0.041
<24.9 85 (76.6) 190 (85.6)
≥25 26 (23.4) 32 (14.4)

BMI: body mass index; SD: standard deviation; USD: United States Dollar.
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Table 2: Obstetric histories of the study participants, Addis Ababa University Teaching Hospitals, Ethiopia, February 1 to August 30, 2016
(𝑛 = 333).

Variables Case (%) Control (%) 𝑝 value
Previous history of abortion 0.198

Yes 21 (18.9) 56 (25.2)
No 90 (81.1) 166 (74.8)

Parity (mean ± SD) 1.2 (±1.1) 1.9 (±1.1) 0.289
Nulliparous 33 (29.7) 0 (0)
Prim parous 45 (40.5) 105 (47.3)
Multiparous 33 (29.7) 117 (52.7)

END∗ history 0.042
Yes 7 (6.3) 4 (1.8)
No 104 (93.7) 218 (98.2)

Stillbirth history 0.364
Yes 2 (1.8) 8 (3.6)
No 109 (98.2) 214 (96.4)

Congenital anomaly birth History 0.820
Yes 3 (2.7%) 7 (3.2)
No 108 (97.3) 215 (96.8)

Types of congenital anomaly (𝑛 = 10)
Cardiac 0 (0) 2 (28.6)
NTDs∗∗∗ 3 (100) 5 (71.4)

Preconception folic acid supplementation (𝑛 = 10) 0.033
Yes 0 (0) 6 (85.7)
No 3 (100) 1 (14.3)

Number of index Pregnancy 0.334
Singleton 108 (97.3) 211 (95)
Twin 3 (2.7) 11 (5)

Sex 0.074
Male 52 (46.8) 127 (57.2)
Female 59 (53.2) 95 (42.8)

ANC∗∗ initiation time 0.003
1st trimester 46 (41.4) 127 (57.2)
2nd trimester 63 (56.8) 83 (37.4)
3rd trimester 2 (1.8) 12 (5.4)

Place of ANC 0.014
Private 10 (9) 17 (7.7)
clinic/hospital
Health center 93 (83.8) 158 (71.2)
Public hospitals 7 (6.3) 44 (19.8)
No ANC 1(.9) 3 (1.4)

∗Early neonatal death. ∗∗Antenatal care. ∗∗∗Neural tube defects.

3.6. Risk Factors Related to Neural Tube Defects. Family
annual cash income, drug use in the first three months of
conception, sex of the baby, prepregnancy BMI, and whether
the pregnancy was planned or not were independent pre-
dictors of neural tube defects. Women who used either folic
acid or multivitamins containing folic acid during the first
three months of conception were 53% less likely (aOR, 0.47;
95%, 0.23, 0.95) to have NTDs than those who did not take
any supplements.Though not statistically significant, women
who used any other drugs than folic acid or multivitamins
were two times (aOR, 2.12; 95%, 0.98, 4.56)more likely to have
NTDs.

Women who had planned pregnancies were 53% less
likely (aOR, 0.47; 95%, 0.24, 0.92) to have NTDs as compared
to unplanned pregnancies. Male sex was associated with a
44% reduction in the risk of NTDs as compared to female sex
(aOR, 0.56; 95%, 0.33, 0.94); however, we have not seen differ-
ences betweenmale versus females for anencephaly and spina
bifida (anencephaly, 53.8% versus 54.2%; encephalocele, 2.0%
versus 8.5%; and spina bifida, 32.7% versus 34.0%, resp.).
Women who had a normal or an underweight prepregnancy
BMI were 51% less likely to have NTDs than those who were
overweight or obese (aOR, 0.49; 95%, 0.29, 0.93). Women
with annual family cash income of less than $1,300 USD
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Table 3: Periconceptional characteristics of the study participants, Addis AbabaUniversity TeachingHospitals, Ethiopia, February 1 toAugust
30, 2016 (𝑛 = 333).

Variables Cases (%) Controls (%) 𝑝 value
Any chronic illness before conception 0.104

Yes 6 (5.4) 24 (10.8)
No 105 (94.6) 198 (89.2)

Current pregnancy type 0.075
Planned 84 (75.7) 186 (83.8)
Unplanned 27 (24.3) 36 (16.2)

Remember current LNMP∗ 0.108
Yes 77 (69.4) 134 (60.4)
No 34 (30.6) 88 (39.6)

Contraceptive use before conception 0.072
Yes 55 (49.5) 133 (59.9)
No 56 (50.5) 89 (40.1)

Preconception care 0.014
Yes 11 (9.9) 46 (20.7)
No 100 (90.1) 176 (79.3)

Preconception drugs use 0.364
Folic acid/multivitamins 6 (5.4) 20 (9)
Any other drugs 3 (2.7) 3 (1.4)
None 102 (91.9) 199 (89.6)

Any attempt to terminate the pregnancy 0.076
Yes 5 (4.5) 3 (1.4)
No 106 (95.5) 219 (98.6)

Drugs use in the 1st trimester 0.001
Folic acid/multivitamins 15 (13.5) 68 (30.6)
Any other drugs 22 (19.8) 23 (10.4)
None 74 (66.7) 131 (59.0)

∗Last normal menstrual period.

(aOR, 2.50; 95%, 1.21, 5.52), $1,300–1,800 USD (aOR, 2.82;
95%, 1.33, 5.81), and $1,801–2,700 USD (aOR, 2.64; 95%,
1.21, 5.82) were almost 2.5 times more likely to have NTDs,
compared to those with annual cash incomes of greater than
$2,700 USD [Table 5].

4. Discussion

Because birth defects are a major cause of mortalities before
five years of age, adequate surveillance data are needed to
develop plausible prevention strategies. This is particularly
important for birth defects that can be prevented via well-
established interventions, like NTDs [1–3]. Although many
births in Ethiopia occur outside of health institution [13],
institution-based prevalence studies give some insight into
the prevalence and risk factors of NTDs. Such evidencemight
be a starting point for countries with limited resources like
Ethiopia to start a hospital-basedNTDs surveillance program
that may then develop to a population-based surveillance
[16].

In this study of more than 8,000 births, the total preva-
lence for all types of NTDs was found to be 126 per 10,000
births, and the birth prevalence for all types of NTDs was
found to be 63.4 per 10,000 births. This finding is one of
the highest NTDs prevalence reported in Africa. It is higher
than reports from Yaoundé, Cameroon (18.6 per 10,000)

[17]; Democratic Republic of Congo (10.2 per 10,000) [18];
Blantyre, Malawi (6.3 per 10,000) [19]; Cross River and
Akwa Ibom states of Nigeria (5.2 per 10,000) [20]; South
Africa (9.8 per 10,000) [21]; and Dares Salaam, Tanzania
(30.2 per 10,000) [22]. It is higher than most of the Eastern
Mediterranean regions including Egypt (16 per 10,000) [23];
Southwest Iran (38.1 per 10,000) [24]; Western Iraq (27.9
per 10,000) [25]; Sudan (33.7 per 10,000) [26]; and the
Al-Jahra region of Kuwait (6.5 per 10,000) [27]. It is also
higher than all European countries (EUROCAT) [28, 29] and
many Southeast Asian regions including Bangladesh (13.8 per
10,000) [30]; Eastern India (17.8 per 10,000) [31]; Nepal (11.9
per 10,000) [32]; and Bangkok,Thailand (6.3 per 10,000) [33].
Reports of similar prevalence to our study have emerged from
Northern China (199.4 per 10,000 births) [34]; Eastern Saudi
Arabia (53.5 per 10,000) [35]; Jordan (62.9 per 10,000) [36];
Iran (82.9 per 10,000) [37]; and Algeria (75.4 per 10,000) [38].
Consistently high prevalence of NTDs similar to our study
has also been reported in Swat (124 per 10,000) [39] and
Abbottabad (68.8 per 10,000) [40] regions of Pakistan.

These variations might be explained by the influence of
racial, geographical, nutritional, socioeconomic, and biologi-
cal differences. Ratesmay also be affected by the differences in
national NTDs prevention intervention programs in various
countries [41]. Settings and designs could also affect findings
from different studies. Referral hospitals would be expected
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Table 4: Characteristics of neural tube defects, Addis Ababa University teaching hospitals, Ethiopia, February 1 to August 30, 2016 (𝑛 = 111).

Variables Frequency Percentage Remark
Types of NTDs

Anencephaly 60 54.1
Spina bifida 45 40.5
Encephalocele 6 5.4

Time at diagnosis
Antenatal 96 86.5
At birth 15 13.5

US∗ scan done for at birth
diagnosis 𝑛 = 15

Yes 13 86.7
No 2 13.3

Gestational age at Diagnosis
(weeks) (𝑛 = 96) Mean = 25 (±8)

<24 47 42.3
24–276/7 18 16.2
28–336/7 12 10.8
34–366/7 8 7.2
≥37 11 9.9

Gestational age at
Delivery/expulsion (weeks)

Mean = 29 (±9)
Median = 27.7

<24 35 31.5
24–276/7 21 18.9
28–336/7 15 13.5
34–366/7 6 5.4
≥37 34 30.6

Mode of delivery/termination
Spontaneous vaginal delivery 38 34.2
Induced vaginal delivery 58 52.3
Cesarean section 8 7.2
Destructive vaginal delivery 7 6.3

Admission to delivery/expulsion
in days

Mean = 3.2 (±2.2)
Median = 3

1 day 40 36.0
2–4 days 44 39.6
≥5 days 27 24.3

∗Ultrasound.

to have higher rates than population-based studies, as many
cases are referred to these hospitals for termination and diag-
nosis of NTDs. Methods of case ascertainment, gestational
age at prenatal diagnosis, and infant ages at diagnosis as
well as inclusion/exclusion of electively medically terminated
cases of NTDs could also vary.

Findings of the current study should be interpreted
with caution for the following reasons. First, hospital-based
studies may overestimate prevalence of NTDs. Second, our
study included medically terminated cases of NTDs, while
most other studies report on live births and stillbirths only.
Conversely, the high NTDs rate we found in our study could
also be the actual prevalence for the study area given similar

findings from another retrospective study in the same area
[12]. This high prevalence could result from nutritional fac-
tors, genetics, lack of routine folic acid supplementation, and
absence of folic acid fortification programs. In our study, half
of the women started ANC after three months of gestation
and only 25% of women had folic acid supplementation in
the first 12 weeks of gestation, which is the critical period of
supplementation [42].

Our study highlighted the importance of folic acid and/or
multivitamin supplementation during the first three months
of conception for prevention of NTDs. This finding is in
line with other studies worldwide [43, 44] and international
recommendations of folic acid supplement for women from
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Table 5: Logistic regression analysis on determinants of neural tube defects, Addis Ababa University Teaching Hospitals, Ethiopia, 2016
(𝑛 = 333).

Variables Neural tube defects
𝑝 value OR (95% CI)

Yes No COR AOR
Annual family cash income (USD) 0.032
<$1300 29 49 2.2 (1.13–4.35) 2.50 (1.21–5.52)
$1300–1800 35 55 2.39 (1.25–4.57) 2.82 (1.33–5.81)
$1801–2700 27 43 2.36 (1.18–4.69) 2.64 (1.21–5.82)
>$2700 20 75 1 1

Drugs in the 1st trimester 0.001
Folic acid/multivitamins 15 68 0.39 (0.28–0.73) 0.47 (0.23–0.95)
Any other drugs 22 23 1.69 (0.88–3.25) 2.12 (0.98–4.56)
None 74 131 1 1

Prepregnancy BMI 0.043
<24.9 85 190 0.55 (0.31–0.98) 0.49 (0.29–0.95)
≥25 26 32 1 1

Place of ANC 0.022
Private clinic/hospital 10 17 1.77 (0.16–19.3) 8.34 (0.57–121.3)
Health center 93 158 1.77 (0.18–17.2) 4.76 (0.41–55.67)
Public hospitals 7 44 0.48 (0.04–5.26) 1.68 (0.12–22.75)
No ANC 1 3 1 1

END history 0.042
Yes 7 4 3.67 (1.05–12.80) 4.15 (0.95–18.16)
No 104 218 1 1

Contraceptive use before conception
Yes 55 133 0.66 (0.42–1.04) 0.67 (0.40–1.12)
No 56 89 1 1

Outcome (sex) 0.075
Male 52 127 0.66 (0.42–1.04) 0.56 (0.33–0.94)
Female 59 95 1 1

Pregnancy type 0.077
Planned 84 186 0.60 (0.34–1.06) 0.47 (0.24–0.92)
Unplanned 27 36 1 1

Remember LNMP 0.109
Yes 77 134 1.49 (0.92–2.41) 1.96 (0.98–3.40)
No 34 88 1 1

Preconception care 0.016
Yes 11 46 0.42 (0.21–0.85) 0.50 (0.21–1.21)
No 100 176 1 1

END: early neonatal death; BMI: body mass index; ANC: antenatal care; LNMP: last normal menstrual period.

the moment they attempt to conceive until 12 weeks of
pregnancy [45]. Despite the WHO periconceptional folic
acid supplementation recommendations, studies showed that
many women still do not follow the recommendations,
particularly women of low socioeconomic status [46]. This
is also true in our study; though 17% of the participants had
preconception care, only 7.8% were supplemented [Table 3].

The association between prepregnancy BMI and occur-
rence of NTDs was similarly reported elsewhere [47, 48].
This may be because NTD-protective effect of folic acid
supplementation is weaker in overweight/obese mothers [49]
and obese women may require higher doses of folic acid sup-
plementation to achieve similar serum levels [50]. Regarding
the nonmodifiable factors, though the contribution of sex to

NTDs is controversial andnoplausible biologic explanation is
known, other studies report similar findings [51, 52]. Higher
rates of NTDs have been reported in populations with lower
socioeconomic status from Europe and the USA [53]. Our
study found similar associations even though we did not
measure economic status based on wealth quantile [13],
possibly due to factors like housing condition, frequency of
infections, and deficiency of dietary factors such as the intake
of vitamins and folic acid.

5. Conclusion

The prevalence of neural tube defects at three hospitals in
Addis Ababa was found to be higher than other reports from
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Africa, Europe, America, and many Asian countries. Our
finding is consistent with previous findings. Comprehensive
preventive strategies focused on the identified risk factors
should be urgently established. Moreover, studies on preven-
tive strategies including folic acid supplementation should be
conducted in these settings.

Additional Points

Strength/Limitations of �is Study. This study has several
strengths. First, it included data from evaluation of more
than 8,000 births and cases of terminated pregnancy. Second,
it employed the principles of active surveillance of case
detection so that the risk of missed cases of NTDs was
minimized. Finally, analyses were based on all birth outcomes
(stillbirths, live births, and terminated pregnancy). Data
were also collected in the immediate postpartum period to
minimize the recall bias of the periconceptional event.

Although not unique to this study, a potential limitation is
participant recall and self-report of risk factors, which could
introduce bias. The self-reported nature of the information
income and other related factors are also a limitation of this
study. It is a hospital-based study and could havemissedmany
deliveries which occurred outside hospitals.

Conflicts of Interest

The authors declare no conflicts of interest.

Authors’ Contributions

All authors contributed equally to this work.

Acknowledgments

The authors are very grateful to the CMHS of Addis Ababa
University for approving the protocol and providing technical
and financial support. They would also like to thank all
women who participated in the study.

References

[1] A. L. Christianson, C. P. Howson, and B.Modell, “Global report
on birth defects: the hidden toll of dying and disabled children,”
White Plains (NY): March of Dimes Birth Defects Foundation
2006.

[2] World Health Organization, “Fact sheet No 370. October
2012,” http://www.who.int/mediacentre/factsheets/fs370/en/
index.html .

[3] WHO/EURO, “Folic Acid: From research to public health
practice,” Copenhagen, Denmark; 2002.

[4] J. Williams, C. T. Mai, J. Mulinare, J. Isenburg, T. J. Flood, and
M. Ethen, “Updated estimates of neural tube defects prevented
bymandatory folicAcid fortification -United States, 1995–2011,”
MMWRMorb Mortal Wkly Rep.2015; 64:1–5.

[5] EUROCAT Website Database, “2015,” http://www.eurocat-
etwork.eu/ACCESSPREVALENCEDATA/.

[6] P. Muller, C. Wilkinson, R. Cocciolone, E. Haan, and Chan.,
“A: trends in state/population-based screening for neural tube
defects (NTDS,” Journal of Obstetrics Gynecology, 1986.

[7] D. B. Shurtleff, “Epidemiology of neural tube defects and folic
acid,” Cerebrospinal Fluid Research, vol. 1, article no. 5, 2004.

[8] J. K.Morris andN. J.Wald, “Quantifying the decline in the birth
prevalence of neural tube defects in England andWales,” Journal
of Medical Screening, vol. 6, no. 4, pp. 182–185, 1999.

[9] M. Hashmi, “Frequency of consanguinity and its effect on
congenital malformationahospital based study,” J Pak Med
Assoc, vol. 47, p. 75, 1997.

[10] Resolution WHA63.17, “Birth defects. In: Sixty-third World
Health Assembly,” Geneva, 17–21 May 2010. Geneva: World
Health Organization http://apps.who.int/gb/ebwha/pdf files/
WHA63/A63 R17-en.pdf.

[11] I. Zaganjor, A. Sekkarie, B. L. Tsang et al., “Describing the
prevalence of neural tube defects worldwide: A systematic
literature review,” PLoS ONE, vol. 11, no. 4, Article ID e0151586,
2016.

[12] G. Sorri and E. Mesfin, “Patterns of neural tube defects at
two teaching hospitals in Addis Ababa, Ethiopia a three years
retrospective study,” Ethiopian Medical Journal, vol. 53, no. 3,
pp. 119–126, 2015.

[13] CSA, Ethiopia Demographic and Health Survey, ICF Inter-
national, Maryland, USA, 2012, Addis Ababa, Ethiopia and
Calverton, 2012.

[14] “Population Census Commission of FDRE: Summary and
Statistical Report of the 2007,” Population and Housing Census
of Ethiopia: Population Size by age and sex AddisAbaba; 2008.

[15] “International statistical classification of diseases and related
health problems, 10th revision. Geneva: World Health Organi-
zation; 2010,” http://apps.who.int/classifications/icd10/browse/
2010/en.

[16] WHO/CDC/ICBDSR, “Birth defects surveillance: a manual for
programme,” Geneva: World Health Organization; 2014.

[17] A. K. Njamnshi, V. D. P. Djientcheu, A. Lekoubou et al., “Neural
tube defects are rare among black Americans but not in sub-
Saharan black Africans: The case of Yaounde - Cameroon,”
Journal of the Neurological Sciences, vol. 270, no. 1-2, pp. 13–17,
2008.

[18] O. L. Ahuka, R. M. Toko, F. U. Omanga, and B. J. Tshimpanga,
“Congenital malformations in the North-Eastern Democratic
Republic of Congo during civil war,” East African Medical
Journal, vol. 83, no. 2, pp. 95–99, 2006.

[19] B. C. Msamati, P. S. Igbigbi, and J. E. Chisi, “The incidence of
cleft lip, cleft palate, hydrocephalus and spina bifida at Queen
Elizabeth Central Hospital, Blantyre, Malawi,” Central African
Journal of Medicine, vol. 46, no. 11, pp. 292–296, 2000.

[20] T. B. Ekanem, D. E. Okon, A. O. Akpantah, O. E. Mesembe,
M. A. Eluwa, and M. B. Ekong, “Prevalence of congenital
malformations in Cross River and Akwa Ibom states of Nigeria
from 1980-2003,” Congenital Anomalies, vol. 48, no. 4, pp. 167–
170, 2008.

[21] A.-R. Sayed, D. Bourne, R. Pattinson, J. Nixon, and B. Hender-
son, “Decline in the prevalence of neural tube defects following
folic acid fortification and its cost-benefit in SouthAfrica,” Birth
Defects Research Part A - Clinical and Molecular Teratology, vol.
82, no. 4, pp. 211–216, 2008.

[22] A. D. A. Kinasha and K. Manji, “The incidence and pattern
of neural tube defects in Dar es Salaam, Tanzania,” European
Journal of Pediatric Surgery, Supplement, vol. 12, no. 1, pp. S38–
S39, 2002.

http://www.who.int/mediacentre/factsheets/fs370/en/index.html
http://www.who.int/mediacentre/factsheets/fs370/en/index.html
http://www.eurocat-etwork.eu/ACCESSPREVALENCEDATA/
http://www.eurocat-etwork.eu/ACCESSPREVALENCEDATA/
http://apps.who.int/gb/ebwha/pdf_files/WHA63/A63_R17-en.pdf
http://apps.who.int/gb/ebwha/pdf_files/WHA63/A63_R17-en.pdf
http://apps.who.int/classifications/icd10/browse/2010/en
http://apps.who.int/classifications/icd10/browse/2010/en


10 BioMed Research International

[23] Y. A. Mohammed, R. M. Shawky, A. A. S. Soliman, and M.
M. Ahmed, “Chromosomal study in newborn infants with
congenital anomalies in Assiut University hospital: Cross-
sectional study,” Egyptian Journal of Medical Human Genetics,
vol. 12, no. 1, pp. 79–90, 2011.

[24] S. Ebrahimi, S. Ashkani-Esfahani, and F. Bagheri, “Prevalence of
neural tube defects in Yasuj, SouthWest Iran,” Shiraz E Medical
Journal, vol. 14, no. 1, 2013.

[25] Z. R. Al-Ani, S. A. Al-Haj, M. M. Al-Ani, K. M. Al-Dulaimy, A.
K. Al-Maraie, and B. K. Al-Ubaidi, “Incidence, types, geograph-
ical distribution, and risk factors of congenital anomalies in Al-
Ramadi Maternity and Children’s Teaching Hospital, Western
Iraq,” Saudi Medical Journal, vol. 33, no. 9, pp. 979–989, 2012.

[26] G. E. A. Elsheikh and S. A. Ibrahim, “Neural tube defects in
OmdurmanMaternityHospital,”KhatoumMedical Journal, vol.
2, pp. 185–190, 2009.

[27] S. A. Madi, R. L. Al-Naggar, S. A. Al-Awadi, and L. A. Bastaki,
“Profile of major congenital malformations in neonates in Al-
Jahra Region of Kuwait,” Eastern Mediterranean Health Journal,
vol. 11, no. 4, pp. 700–706, 2005.

[28] “European Surveillance of Congenital Anomalies (EUROCAT).
Prevalence Tables; 2012”.

[29] “International Clearinghouse for BirthDefects Surveillance and
Research. Annual report 2011 with data for 2009. Rome, Italy:
The Centre of the International Clearinghouse for Birth Defects
Surveillance and Research. 2011”.

[30] A. C. Dey, M. Shahidullah, M. A. Mannan, M. K. Noor, L. Saha,
and S. A. Rahman, “Maternal and neonatal serum zinc level
and its relationship with neural tube defects,” Journal of Health,
Population and Nutrition, vol. 28, no. 4, pp. 343–350, 2010.

[31] S. Sarkar, C. Patra, M. Dasgupta, K. Nayek, and P. Karmakar,
“Prevalence of congenital anomalies in neonates and associated
risk factors in a tertiary care hospital in eastern India,” Journal
of Clinical Neonatology, vol. 2, no. 3, pp. 131–134, 2013.

[32] B. K. Malla, “One year review study of congenital anatomical
malformation at birth in Maternity Hospital (Prasutigriha),
Thapathali, Kathmandu,” Kathmandu University Medical Jour-
nal, vol. 5, no. 20, pp. 557–561, 2007.

[33] P. Wasant and A. Sathienkijkanchai, “Neural tube defects at
Siriraj Hospital, Bangkok, Thailand-10 years review (1990-
1999),” Journal of the Medical Association of �ailand, vol. 88,
no. 8, pp. S92–S99, 2005.

[34] G.Chen, L. Pei, J.Huang et al., “Unusual Patterns ofNeural Tube
Defects in a High Risk Region of Northern China,” Biomedical
and Environmental Sciences, vol. 22, no. 4, pp. 340–344, 2009.

[35] F. Al-Jama, “Congenital malformations in newborns in a teach-
ing hospital in eastern Saudi Arabia,” Journal of Obstetrics &
Gynaecology, vol. 21, no. 6, pp. 595–598, 2001.

[36] H. E. Aqrabawi, “Incidence of neural tube defects among
neonates at King Hussein Medical Centre, Jordan,” Eastern
Mediterranean Health Journal, vol. 11, no. 4, pp. 819–823, 2005.

[37] A. M. Richwood and R. B. Zachary, “Infection Following
Neonatal Closure of Neural-tube Defects,” Developmental
Medicine & Child Neurology, vol. 19, no. 6, pp. 761–767, 1977.

[38] B. Houcher, N. Akar, S. Begag, and Y. Egin, Neural Tube Defects
- Role of Folate, Prevention Strategies and Genetics, InTech, 2012.

[39] S. T. Khattak, M. Khan, T. Naheed, I. U. D. Khattak, and M.
Ismail, “Prevalence and management of anencephaly at Saidu
Teaching Hospital, Swat.,” Journal of Ayub Medical College, vol.
22, no. 4, pp. 61–63, 2010.

[40] G. Qazi, “Relationship of selected prenatal factors to pregnancy
outcome and congenital anomalies.,” Journal of Ayub Medical
College, vol. 22, no. 4, pp. 41–45, 2010.

[41] C. A. M. Atta, K. M. Fiest, A. D. Frolkis et al., “Global birth
prevalence of spina bifida by folic acid fortification status:
A systematic review and meta-analysis,” American Journal of
Public Health, vol. 106, no. 1, pp. e24–e34, 2016.

[42] A. S. Truswell and S. Kounnavong, “Quantitative responses
of serum folate to increasing intakes of folic acid in healthy
women,” European Journal of Clinical Nutrition, vol. 51, no. 12,
pp. 839–845, 1997.

[43] L.M. A. De-Regil, J. P. A. Peña-Rosas, A. C. Fernández-Gaxiola,
and P. Rayco-Solon, “Effects and safety of periconceptional oral
folate supplementation for preventing birth defects,” Cochrane
Database of Systematic Reviews, vol. 12, p. CD007950, 2015.

[44] MRC Vitamin Study Research Group, “Prevention of neural
tube defects: results of the Medical Research Council Vitamin
Study,”�e Lancet, vol. 338, no. 8760, pp. 131–137, 1991.

[45] C. Bower, “Prevention of neural tube defects with folate,”
Journal of Paediatrics and Child Health, vol. 49, no. 1, pp. 2–4,
2013.

[46] A. M. Branum, R. Bailey, and B. J. Singer, “Dietary supplement
use and folate status during pregnancy in the United States,”
Journal of Nutrition, vol. 143, no. 4, pp. 486–492, 2013.

[47] S. A. Rasmussen, S. Y. Chu, S. Y. Kim, C. H. Schmid, and
J. Lau, “Maternal obesity and risk of neural tube defects: a
metaanalysis,”American Journal of Obstetrics &Gynecology, vol.
198, no. 6, pp. 611–619, 2008.

[48] K. J. Stothard, P.W.G. Tennant, R. Bell, and J. Rankin, “Maternal
overweight and obesity and the risk of congenital anomalies: a
systematic review and meta-analysis,” Journal of the American
Medical Association, vol. 301, no. 6, pp. 636–650, 2009.

[49] M. Wang, Z.-P. Wang, L.-J. Gao, R. Gong, X.-H. Sun, and
Z.-T. Zhao, “Maternal body mass index and the association
between folic acid supplements and neural tube defects,” Acta
Paediatrica, vol. 102, no. 9, pp. 908–913, 2013.

[50] A. P. Case, T. A. Ramadhani, M. A. Canfield, L. Beverly,
and R. Wood, “Folic acid supplementation among diabetic,
overweight, or obese women of childbearing age,” JOGNN -
Journal of Obstetric, Gynecologic, and Neonatal Nursing, vol. 36,
no. 4, pp. 335–341, 2007.

[51] Z. Yin, W. Xu, C. Xu et al., “A population-based case-control
study of risk factors for neural tube defects in Shenyang, China,”
Child’s Nervous System, vol. 27, no. 1, pp. 149–154, 2011.

[52] A. Behrooz and M. H. Gorjizadeh, “Prevalence and Correlates
of Neural Tube Defect in South West Iran: Retrospective
analysis,” Sultan Qaboos UnivMed J, vol. 7, no. 1, pp. 31–34, 2007.

[53] L. Frey andW.A.Hauser, “Epidemiology of neural tube defects,”
Epilepsia, vol. 44, no. 3, pp. 4–13, 2003.



Stem Cells 
International

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

MEDIATORS
INFLAMMATION

of

Endocrinology
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Disease Markers

Hindawi
www.hindawi.com Volume 2018

BioMed 
Research International

Oncology
Journal of

Hindawi
www.hindawi.com Volume 2013

Hindawi
www.hindawi.com Volume 2018

Oxidative Medicine and 
Cellular Longevity

Hindawi
www.hindawi.com Volume 2018

PPAR Research

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Immunology Research
Hindawi
www.hindawi.com Volume 2018

Journal of

Obesity
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

 Computational and  
Mathematical Methods 
in Medicine

Hindawi
www.hindawi.com Volume 2018

Behavioural 
Neurology

Ophthalmology
Journal of

Hindawi
www.hindawi.com Volume 2018

Diabetes Research
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Research and Treatment
AIDS

Hindawi
www.hindawi.com Volume 2018

Gastroenterology 
Research and Practice

Hindawi
www.hindawi.com Volume 2018

Parkinson’s 
Disease

Evidence-Based 
Complementary and
Alternative Medicine

Volume 2018
Hindawi
www.hindawi.com

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/mi/
https://www.hindawi.com/journals/ije/
https://www.hindawi.com/journals/dm/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jo/
https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/ppar/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jir/
https://www.hindawi.com/journals/jobe/
https://www.hindawi.com/journals/cmmm/
https://www.hindawi.com/journals/bn/
https://www.hindawi.com/journals/joph/
https://www.hindawi.com/journals/jdr/
https://www.hindawi.com/journals/art/
https://www.hindawi.com/journals/grp/
https://www.hindawi.com/journals/pd/
https://www.hindawi.com/journals/ecam/
https://www.hindawi.com/
https://www.hindawi.com/

