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Abstract

Background Neural tube defects (NTDs) are serious brain and spine birth defects. Although NTDs are primarily
pregnancy complications, such as abortion and stillbirth, they also contribute to under-five morbidity and mortality,
as well as long-term disability and psychological impact. Despite these negative outcomes, the determinants of NTDs
are not widely studied in Ethiopia, particularly in the country’s east. As a result, we sought to identify the risk factors
for NTDs in neonates born in public referral hospitals in eastern Ethiopia.

Methods A facility-based unmatched case-control study was carried out at Hiwot Fana Comprehensive Specialized
Hospital and Sheik Hassen Yabare Jigjiga University Referral Hospital in Eastern Ethiopia. We included 59 cases
identified in the selected facilities between September 10, 2021, and February 5, 2022, and 118 control neonates, with
a case-to-control ratio of 1:2. Data were gathered through the use of interviewer-administered questionnaires and
medical record review. To identify determinant factors of NTDs, a multivariable logistic regression model was used,
which included all predictor variables from the bivariable analysis. The results were reported using an Adjusted Odds
Ratio (AOR) with a 95% confidence interval. A p-value of < 0.05 was considered statistically significant.

Results In total, 59 cases of NTDs were identified out of 2915 live birth total births registered in the two hospitals,
making the incidence of NTDs 202.4/10,000 births. In the final model analysis, determinant factors such as gender
of newborn [AOR=2.97; 95%Cl(1.27, 6.92)], having no history of antenatal care[AOR=4.45;95%Cl(1.30,15.20)], having
a poor food consumption score (AOR=3.38;95% CI;1.06,10.72), having history of monotonous diet consumption
(AOR=4.80; 95%Cl: 1.09, 9.08; P=0.038), and coffee consumption of three or more cups per day during pregnancy
(AOR=3.84:95% Cl: 1.23, 11.97) were statistically associated with NTDs.

Conclusion Modifiable and non-modifiable determinants were identified as major contributors of neural tube
defect in this study. Early screening, dietary intervention counseling to increase consumption of a healthy diet, coffee
consumption reduction, and pre-pregnancy supplementation programs should be developed to reduce NTDs in
Ethiopia.
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Introduction

Neural tube defects (NTDs) are complex congenital
anomalies caused by neural tube malformations that
affect the developing embryo’s brain and/or spine dur-
ing the first eight weeks of embryogenesis. Primary neu-
rulation occurs between 20 and 28 days of gestation and
results in anencephaly, myelomeningocele (open spina
bifida), and craniorachischisis, whereas secondary neu-
rulation occurs between 45 and 53 days of gestation and
results in spina bifida occulta to severe spinal cord teth-
ering [1-5].

Although the exact causes of NTDs are unknown, evi-
dence points to a wide range of possible causes [6—8].
According to the multifactorial threshold model, the
majority of NTDs are caused by the additive interaction
of risk factors such as socioeconomic status, micronu-
trient deficiency, and maternal health and genetic issues
such as valproic acid ingestion [6, 8, 9]. Since embryonic,
development is determined by the maternal body com-
position, size and total nutrient store, the maternal nutri-
tional status influences pregnancy outcome and is linked
to NTDs [10]. Reduced folic acid intake during precon-
ception and early pregnancy raises the risk of having a
fetus with NTDs [1].

Every year, more than 300,000 newborns worldwide
are diagnosed with NTDs [2, 3]. Furthermore, NTDs
are responsible for 88,000 annual deaths and 8.6 mil-
lion disability-adjusted life years (DALYs) worldwide
[2, 3]. Every year, approximately 190,000 newborns in
low- and middle-income countries (LMICs) are affected
by NTDs [4]. Although the prevalence of NTDs has
decreased in developed countries, it remains four times
higher in developing countries [5]. An estimated 260,100
NTD cases, equivalent to 1.9 per 1000 live births, were
reported globally in 2015 alone [5, 6]. In Africa, however,
the risk of NTDs ranges from 1 to 11 per 1000 births per
year [5, 7-12]. For example, in a Tanzanian study, NTDs
were the most common congenital anomalies among sig-
nificant external structural defects, affecting 1 in 1000
births [11]. NTDs are the second leading cause of birth
defects in Ethiopia, where the prevalence of congenital
disabilities reaches 19 per 1000 births [2, 6, 13—15]. Dif-
ferent studies found varying rates of NTDs. In Ethiopia,
the overall incidence of NTDs exceeds 13 per 1000 births
[16]. The most recent hospital-based studies in Tigray
and Addis Abeba show that Ethiopia has a very high inci-
dence rate of NTDs. The overall occurrence of NTDs in
Tigray was 13.1 per 1,000 births, but when broken down
by zone, it was 30.4 in Southern Tigray and 89 in Central
Tigray [17].

The rate is ten times higher than the report from eight
WHO member countries in Africa (1.0 to 2.0 per 1,000
live births) and 26 times higher than it should be [17].
A study conducted in two teaching hospitals in Addis
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Abeba, Ethiopia, revealed an overall incidence of 6.1 per
1000 births [12]. Furthermore, 48.7% of pregnancy ter-
minations in Ethiopia after 12 weeks were reported to be
due to NTDs [15]. The 2016 prevalence of spina bifida
and anencephaly in Ethiopia was estimated to be 13 per
1,000 total births, with a prevention goal of 0.5 per 1,000
total births [16].

Low socioeconomic status, maternal exposure to envi-
ronmental factors (e.g., pesticides and chemicals), mater-
nal smoking during pregnancy, genetic factors, delaying
childbearing, low folic-acid supplementation before or
during pregnancy, fetal sex, and lack of antenatal care
have all been linked to NTDs [15, 18-21]. Furthermore,
evidence suggests that maternal exposure to valproic
acid, an anti-epileptic and mood-stabilizing drug, dur-
ing pregnancy increases the risk of having a fetus affected
with NTDs [2, 22, 23].

Several studies have looked into the relationship
between maternal caffeine consumption and birth
defects. Caffeine use by mothers has been linked to an
increase in the risk of neonatal birth defects ranging
from 1.3 to 1. 0.8 [24] The study was carried out at Debre
Berhan Specialized Hospital in North Eastern Ethiopia
[25]. Over the last decade, Ethiopia has made significant
strides in combating malnutrition. The Ethiopian govern-
ment launched the National Nutrition Program (NNP) in
2008, gradually expanding its scope. The National Food
and Nutrition Policy (NFNP) promotes a coordinated
and comprehensive approach to food and nutrition secu-
rity, emphasizing the importance of access to nutritious
foods [26-29]. Furthermore, the Sequota Declaration
Implementation Plan aims to end undernutrition by 2030
and has encouraged collaboration across sectors [26,
28-31].

Despite the government’s efforts to implement a variety
of interventions to address the issue of dietary diversity,
many Ethiopians’ diets remain monotonous, with little
variation in diet diversity. Despite rapid changes in food
systems in Ethiopia, dietary diversity remains a challenge
[28, 29]. Similarly, the Ethiopian government has sup-
ported and implemented a number of high-impact nutri-
tion interventions to improve the nutritional status of
the population, particularly the most vulnerable groups
(women and children). These include monthly nutrition
counseling, antenatal care visits, post-natal care, increas-
ing the production of nutritious foods, improving house-
hold dietary diversity, and fortifying grains with iron and
folic acid [28, 29].

Folate deficiency and insufficiency are widespread
public health issues in Ethiopia. Based on red blood
cell folate levels, a recent assessment based on the most
recent national micronutrient survey discovered that
84% of women of reproductive age are at risk of having
a child with NTDs [15]. NTD research is uncommon in
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Ethiopia, particularly in the eastern region. The burden
of NTDs was 5.71% among neonates admitted to the
neonatal intensive care unit at Hiwot Fana Specialized
Hospital (HFCSH) in Harar in a cross-sectional study
of NTDs and associated factors [32]. A retrospective
cohort study of neonates born in three referral hospitals
in Ethiopia revealed an unacceptably high rate of NTDs,
107.5 per 10,000 live births, which was five times higher
than the WHO estimate for Ethiopia [10]. Several studies
suggested that case-control or cohort studies be used to
identify the main determinants of NTDs and reduce the
burden. As a result, the purpose of this study was to iden-
tify the risk factors for NTDs in neonates born in public
referral hospitals in Eastern Ethiopia.

Methods and materials

Study setting and period

The study was conducted among neonates born in two
public referral hospitals in Eastern Ethiopia, Hiwot Fana
Comprehensive Specialized Hospital (HFCSH) and Sheik
Hassen Yabare Jigjiga University Referral Hospital (SHJJ-
URH), in Harar and Jigjiga town, respectively, from Sep-
tember 10, 2021 to February 5, 2022. HFCSH, one of
Harar’s oldest hospitals, provides comprehensive referral
services to the entire population of the country’s eastern
region, with an average of 11,957 admissions and 5808
deliveries per year [33-35].

SHJJURH is Jigjiga University’s teaching center and the
busiest referral hospital in the Somali Regional State. The
hospital serves a population of over seven million peo-
ple living in all zones and districts of the Somali Region
State, neighboring districts in the eastern part of Oromia,
and a large portion of neighboring Somalia. Every year,
the hospital serves over 38,523 outpatients, 7,690 hospi-
talized patients, 3,434 deliveries, and 9,270 emergency
cases [36].

Population and study design

A facility-based unmatched case-control study was con-
ducted at HFCSH and SHJJURH from September 10,
2021, to February 5, 2022. In this study, the cases were
all neonates born after 28 weeks of gestation (the age of
viability for developing countries) with a confirmed diag-
nosis of any form of NTDs, while the controls were all
neonates born after 28 weeks of gestation with no type
of NTDs, no other anomalies, and no other anomalies.
Pregnancies that were terminated before 28 weeks, as
well as neonates whose mothers were unavailable or criti-
cally ill, were excluded from both the case and control
groups.

Sample size determination and sampling techniques
The sample size for this study was determined by taking
into account the various factors that contribute to NTDs.
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As a result, the sample size was calculated using Epi-
Info statistical software (version 7.1.0) with the following
assumptions: the proportion of cases with a history of
abortion (18.7%) and the proportion of exposed controls
(4.8%) with a 4.9 odds ratio from similar studies [14, 37].
a and a case-to-control ratio of 1:2 to achieve 80% power
at 95% CI, with a 5% contingency for non-responses, the
final sample size was 180. (60 cases and 120 controls).
However, this study included 59 cases and 118 controls
who met the inclusion criteria. This study’s participants
were chosen using consecutive and nonprobability con-
venience sampling techniques. Two consecutive controls
were chosen for each eligible case using the nonprobabil-
ity convenience-sampling technique until the required
final sample size was reached.

Data collection tool and procedure

A structured questionnaire that had been utilized in
Ethiopia before [32, 38, 39] was employed in this inves-
tigation. The questionnaire was prepared in English
first, then translated into local languages (Afan Oromo,
Ambharic, and AF Somali), and then back to English by
language experts to ensure consistency. Data were col-
lected by midwives or nurses working in the labor wards
of each selected hospital, and data collectors received
one-day training. A chart review was performed to con-
firm the diagnosis and to obtain baseline data. Both cases
and controls were interviewed by the same interviewer.
To ensure their privacy and to encourage participation,
mothers were interviewed in private rooms.

Study variables and operational definitions

The dependent variable of this study was NTDs defined
based on the ICD-10 criteria [15], and the controls were
neonates born without NTDs in the selected study hospi-
tals. The independent variables were socio-demographic
characteristics (age of the mother, residence area, mari-
tal status, level of education, income, and sex of the new-
born), maternal lifestyle (maternal coffee consumption,
maternal alcohol consumption, maternal khat chew-
ing, and smoking habit), maternal obstetric and medical
determinants (parity, ANC follow for indexed pregnancy,
planned pregnancy, previous history of NTDs, medical
problems during the pregnancy, previous adverse birth
outcomes: stillbirth, preterm birth, low birth weight,
abortion, small for gestational age), maternal medica-
tion-related factors (drug use, folic acid or multivitamin
supplementation) and environmental factors (chemical
exposure, radiation/heat exposure).

Data Quality Control

Prior to data collection, a pretest was performed on 5% of
the sample size at Karamara General Hospital to ensure
that the questionnaire was functional, and any necessary



Mohamed et al. BMC Nutrition (2023) 9:93

changes were made. A one-day training was provided
for data collectors and supervisors prior to data collec-
tion. Every day, all collected data was double-checked for
completeness.

Data processing and analysis

Data was collected, checked for completeness, entered
into EpiData version 3.1, and then exported and analyzed
with SPPS version 25. The data was examined to ensure
that it was normal and that other assumptions were met.
The association between each independent variable and
NTDs was evaluated using binary logistic regression
analysis. An adjusted odds ratio was used in multivari-
able analysis to identify independent determinants of
NTDs. In the bivariate analysis, variables with a p-value
less than 0.25 were considered candidates for the multi-
variable analysis. The strength of the association between
the independent variables associated with NTDs was
measured using an adjusted odds ratio with a 95% confi-
dence interval, and statistical significance was defined as
a P-value less than 0.05.

Ethical consideration Haramaya University College of
Health and Medical Science Institutional Health Research
Ethics Review Committee provided ethical approval prior
to data collection (IHRERC). Before data collection, We
obtained consent directly from all people above the age
of sixteen, regardless of their educational background.
In fact, there are no legal guardians under the age of six-
teen in our study. We confirm that all experiments were
carried out in accordance with applicable guidelines and
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regulations (such as the Declaration of Helsinki). Par-
ticipants were told they could refuse or withdraw at any
time. To maintain confidentiality, their names and other
personal identifiers were not registered. Furthermore, the
interviews were conducted in a separate room to ensure
confidentiality.

Results

Sociodemographic characteristics of the participants

This study included 59 cases and 118 controls, with a
98% response rate. When compared to the control group,
a higher proportion of mothers in the case group were
under the age of 25 (55.9% vs. 33.9%). When comparing
maternal age at first childbirth, more mothers in the case
group (86.4%) were under 25 years old than mothers in
the control groups (61.9%). In comparison to their coun-
terparts (29.7%), more than one-third (37.3%) of case
mothers received only primary education. The majority
of case mothers were housewives, as were their counter-
parts. (Table 1).

Maternal obstetric, medical and newborn-related
conditions

During the index pregnancy, a higher proportion of
mothers in cases (30.5%) did not receive antenatal care
than mothers in controls (16.5%). Furthermore, a higher
proportion of case mothers (81.4%) than control moth-
ers (73.7%) did not receive supplemental folic acid. In
terms of adverse birth outcomes, such as stillbirth, pre-
term birth, low birth weight, and small for gestational
age, similar differences were observed between mothers

Table 1 Sociodemographic characteristics of participants in Eastern Ethiopia, 2022(N=177)

Variables Category Cases (N=59) Controls(N=118) X2 (P-Value)
n (%) n(%)

Maternal age 15-24 33(55.9) 40(33.9) 0.019(0.146)

(in years) 25-34 22(37.3) 66(55.9)
>35 4(6.8) 12(10.2)

Maternal age at 1st childbirth 15-24 51(86.4) 73(61.9) 0.004(0.005)
25-34 8(13.6) 45(38.1)

Residence Rural 21(35.6) 34(28.8) 0.358(0.359)
Urban 38(64.4) 84(71.2)

Marital status Single 2(34) 3(2.5) 0.748(0.749)
Married 57(96.6) 114(97.5)

Maternal educational level llliterate 20(33.9) 20(16.9) 0.008(0.008)
Primary 22(37.3) 35(29.7)
Secondary 14(23.7) 44(37.3)
Tertiary 3(5.1) 19(16.1)

Maternal occupation House wife 48(81.4) 75(63.6) 0.098(0.162)
Merchant 4(6.8) 20(16.9)
Daily laborer 4(6.8) 11(9.3)
Office worker 3(5.1) 12(10.2)

Sex of the newborn Male 23(39) 65(55.1) 0.043(0.045)
Female 36(61) 53(44.9)




Mohamed et al. BMC Nutrition (2023) 9:93

in the two groups (17% for cases and 11% for controls).
Finally, the proportion of medical problems during preg-
nancy, such as diabetes, hypertension, human immuno-
deficiency virus, and urinary tract infections, was higher
among case mothers compared to control mothers
(15.3% vs. 9.3%, respectively). (Table 2).

Maternal lifestyle, behavioral, and nutritional related
conditions

In this study, more case mothers (32.2%) drank three or
more cups of coffee per day than control mothers (15.3%).
When compared to their counterparts (40.7%), more
than half (55.9%) of case mothers had low food consump-
tion scores. When compared to control mothers (33.1%),
the majority of case mothers (64.4%) consumed monoto-
nous diets. In terms of substance use during pregnancy,
13.6% of cases and 9.3% of controls used drugs, alcohol,
khat, or cigarettes.(Table 3).

Incidences of NTDs

Both hospitals recorded 2915 live births during the study
period. 1836 of them were from Hiwot Fana Special-
ized University Hospital, while the rest were from Jigjiga
University Referral Hospital. During the study period,
59 cases of NTDs were identified, 39 of which were
from Hiwot Fana Specialized University Hospital and 20
from Jigjiga University Referral Hospital. Thus, the inci-
dence of NTDs was 20.24/1000 births, with Hiwot Fana
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Specialized University Hospital having the highest inci-
dence at 21.24/1000 births. (Table 4).

Determinants of NTDs

In the bivariate analysis, maternal age, maternal age at
first childbirth, residence, educational status, occupation,
sex of newborn, planned pregnancy, folic acid supple-
mentation, ANC visits, previous adverse birth outcome,
medical problem, maternal fever during pregnancy, daily
coffee consumption, substance use, food consumption
score, and dietary diversification were found to be associ-
ated with NTDs at a p-value of 0.25; thus, all of these fac-
tors were considered for multivariable logistic regression
analysis.

After adjusting for potential confounders, female sex
of the newborn, lack of antenatal care follow-up, poor
maternal food consumption score, and coffee consump-
tion of three or more cups per day during pregnancy
were found to be significantly associated with NTDs at
a p-value of 0.05 in the multivariable logistic regressions.

Female newborns had nearly three times the odds of
having NTDs as males (AOR=2.97; 95%ClI: 1.27, 6.92). A
child born to a mother who had no antenatal care visits
was four and a half times more likely to develop an NTD
than their counterparts (AOR=4.45; 95%CI: 1.30, 15.20).
Mothers with low food consumption scores were more
than three times more likely to have NTDs than those
with acceptable scores (AOR=3.38;95%CI;1.06,10.72).

Table 2 Maternal obstetric, medical and newborn-related conditions in Eastern Ethiopia, 2022(N=177)

Variables Category Cases (N=59) Controls (N=118) X2 (p-value)
N (%) N (%)

Gravidity Prim Gravida 3(5.1) 5(4.2) 0.934 (0.85)
Multigravida 33 (55.9) 69 (58.5)
Grand multipara 23(39) 44 (37.3)

Parity Prim para 10(17) 15(12.7) 0.581(0.84)
Multipara 37 (62.7) 83 (70.3)
Grand multipara 12 (20.3) 20(17)

Planned pregnancy Yes 43 (72.9) 92 (78) 0.453(0.454)
No 16 (27.1) 26 (22)

ANC visits No visits 18 (30.5) 20 (16.5) 0.008 (0.003)
1-2 visits 33(55.9) 58 (49.2)
3—-4 visits 8(13.6) 40 (33.9)

Folic Acid supplementation Yes 11(18.6) 31(26.3) 0.26 (0.26)
No 48 (81.4) 87 (73.7)

Mode of delivery SVD 54 (91.5) 110 (93.2) 0.77 (0.48)
C-section 3(5.1) 6 (5.1)
Instrumental 2(34) 2(1.7)

Onset of labor Induced 5(8.5) 8 (6.8) 0.684 (0.684)
Spontaneous 54 (91.5) 110 (93.2)

Previous adverse birth outcomes Yes 10(16.9) 13011 0.26 (0.27)
No 49 (83.1) 105 (89)

Medical problems during pregnancy Yes 9(15.3) 11(9.3) 0.24 (0.244)
No 50 (84.7) 107 (90.7)
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Table 3 Maternal lifestyle, behavioral and nutritional conditions in Eastern Ethiopia, 2022 (N=177)

Variables Category Cases (N=59) Controls (N=118) X2 P-value

N (%) N (%)

Daily coffee or tea consumption No regular daily consumption 4(23.7) 42(35.6) 0.025 0.011
1-2 cups per day (44.1) 58(49.2)
3 or more cups per day 9(32.2) 18 (15.3)

Maternal fever Yes 3(22) 18 (15.3) 0.26 0.26
No 6 (88) 100 (84.7)

Substance use during pregnancy Yes 8(13.6) 11(9.3) 039 0.393
No 51 (86 4) 107 (90.7)

Passive smoking Yes 2(203) 17 (14.4) 031 0317
No 47 (79.7) 101 (85.6)

Food consumption Score Poor 33 (55.9) 48 (40.7) 0.05 0.021
Border line 20(33.9) 42 (35.6)
Acceptable 6(10.2) 28 (23.7)

Stable Food Sorghum with watt 2(34) 2(1.7) 0.44 0.685
Tef Injera+watt 40 (67.8) 90 (76.3)
Rice/Pasta 17 (28.8) 26 (22)

Food diversity Monotonies diet 38 (64.4) 51(33.1) 0.011 0.008
Sometimes different 17 (28.8) 42 (42.4)
Always different 4(6.8) 25 (24.6)

Home gardening Yes 3(5.1) 10(8.5) 041 042
No 56 (94.9) 108 (91.5)

Key: *=Khat chewing, Alcohol, Cigarette smoking

Table 4 Incidence of NTD study sites

Facilities Total live birth in past six months NTD cases in the past six months Incidences /10,000
Hiwot Fana 1836 39 2124
Jigjiga University Referral Hospital 1079 20 1854
Total 2915 59 2024

Mothers who drank three or more cups of coffee or tea
per day were four times (AOR=3.84:95% CI: 1.23, 11.97)
more likely to have a baby with NTDs than mothers who
drank less than three cups per day. Maternal dietary
diversification was strongly associated with the risk of
developing NTDs in newborns. When compared to a
more diverse diet, a mother with a monotonous diet was
nearly 25 times (AOR=24.80; 95%CI: 1.09, 21.08) more
likely to have a baby with NTDs. (Table 5).

Discussion

In total, 59 cases of NTDs were identified out of 2915 live
birth total births registered in the two hospitals, making
the incidence of NTDs 202.4/10,000 births. This study
revealed that lack of antenatal care follow-up, newborn
sex, coffee consumption, and poor food consumption
score had an association with NTDs.

This finding indicated that inadequate antenatal care
was independently associated with NTDs, which is con-
sistent with findings from a study conducted in four
referral hospitals in the Amhara region [40] and an Ira-
nian study [41]. This could be because pregnant women
who do not receive antenatal care may not receive
adequate information, particularly dietary counseling,

including the importance of folic acid supplementation.
As a result, these women are more likely to experience
pregnancy, birth, and postpartum complications [38].

This study discovered that young maternal age at first
childbirth was a risk factor for NTDs, which was consis-
tent with the findings of a case-control study conducted
at Zewditu Memorial Hospital in Addis Abeba, Ethio-
pia. Low socioeconomic status, low educational level,
and lack of knowledge about potential risk factors and
preventive measures (dietary habits, access to health
care) may increase the risk of NTDs during pregnancy in
younger age groups [39].

In this study, poor food consumption was linked to
NTDs. Another study conducted in Ethiopia’s Tigray
region yielded similar results [18]. Healthy maternal
dietary patterns, as measured by diet quality scores, were
linked to a lower risk of NTDs and clefts. These find-
ings suggest that nutritional interventions could reduce
the risk of major birth defects even further, supplement
existing efforts to fortify foods, and encourage peri-
conceptional multivitamin use [42]. Unfortunately, the
mechanism by which folic acid reduces the risk of having
a child with an NTD is not completely understood [43].
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Table 5 Multivariable analysis of determinants of NTDs in Eastern Ethiopia, 2022(N=177)
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Variables Category Cases Controls COR (95%(Cl) AOR (95%Cl)
N (%) N (%)

Current maternal age 15-24 33(55.9) 40 (33.9) 247 (0.73-8.39) 11.19(0.52, 2.74)
25-34 22 (37.3) 66 (55.9) 1(0.29-342) 1.57 (0.34, 7.30)
>35 4(6.8) (102) Ref

Maternal age at 1st birth 15-24 49 (83.1) 3(61.9) 3.02 (1.39-6.55) 425 (1.57,11.49)
25-34 (1 6.9) (38 1) Ref Ref

Maternal level of education llliterate 0(33.9) 20(16.9) 6.3 (1.6-24) 742 (0.50,109.19)
Primary 2(37.3) 35(29.7) 39(1-15) 8.37(0.60, 116.40)
Secondary 14 (23 7) 44 (37.3) 2(0.51-7.8) 3.23(0.25,41.33)
Tertiary 3(5.1) 19 (16.1) Ref Ref

Sex of new born Female 36 (61) 53 (44.9) 1.91(1.02-3.63 297 (1.27,692)
Male 23 (39) 65 (55.1) Ref

Maternal occupation House wife 48 (81.4) 75 (63.6) 2.56 (0.68-9.54) 0.64 (0.048,8.72)
Merchant 4(6.8) 20(16.9) 0.80 (0.15-4.2) 0.23(0.01,3.11)
Daily laborer 4(6.8) 11(9.3) 145 (0.26-8) 0.21(0.01,4.18)
Office worker 3(5.1) 2(10.2) Ref Ref

ANC visits No visits 18 (30.5) 20 (16.5) 45(167-12) 445 (1.30,9.20)"
1-2 visits 33(55.9) 8(49.2) 2.8(1.19-6.7) 3.30(1.14,9.58)
3-4 visits 8(13.6) 40 (33.9) Ref Ref

Medical problems No 50 (84.7) 107 (90 7) 0.57(0.22-1.26) 0.61(0.17,2.17)
Yes 9 (1 5.3) 1(9.3) Ref Ref

Coffee consumption No regular daily consumption (23.7) (35 6) Ref Ref
1to 2 cups 6 (44.1) 8(49.2) 1.34(0.63,2.88) 1.31(0.51,337)
3 cups or more 19(32.2) 8(15.3) 3.17(1.31,7.66) 3.84(1.23,11.97)

Food consumption score Poor 33(55.9) 48 (40.7) 3.2(1.19-8.6) 3.38(2.06,7.72)"
Border line 20 (33 9) 42 (35.6) 2.2(0.79-6.22) 2.91(0.87,9.65)
Acceptable 6 (10 8 (23.7) Ref Ref

Dietary diversity Monotonous diet 38 (64.4) 1(33.1) 4.65 (1.49-14.5) 4.20 (3.09, 9.08)*
Sometimes different 17 (28.8) 42 (42.4) 2.53(0.76-8.3) 2.57(0.55,11.92)
Always different 4(6.8) 25 (24.6) Ref Ref

Key: *p-value < 0.05; COR: Crude Odds Ratio; AOR; Adjusted Odds Ratio; Cl: Confidence Interval

In this study, being a female newborn increased the risk
of NTDs threefold when compared to males. This finding
is consistent with findings from three teaching hospitals
in Addis Abeba, Ethiopia [15], Tigray, Ethiopia [18], and
Algeria [44]. However, it is unclear how the prevalence of
NTDs varies by gender [45]. As a result, no single expla-
nation explains why N'TDs affect more female newborns
than males, necessitating additional research.

Coffee consumption was linked to NTDs. This find-
ing is consistent with hospital-based studies conducted
in Addis Abeba, Ethiopia [39, 46]. Although the exact
mechanisms by which coffee consumption and NTD
risks are not clear, several studies have shown that coffee
consumption during pregnancy can cause abortion, low
birth weight, and changes in folate metabolism (acting as
a vitamin B6 antagonist, possibly impairing homocyste-
ine breakdown) [47, 48] [49]. Caffeine has the potential to
cross the placenta during pregnancy. Total caffeine con-
sumption of 10 mg per day increased the risk of NTDs
[49, 50]. Caffeine raises homocysteine levels, and high
homocysteine levels are linked to an increased risk of

NTD. This explains one possible explanation for the link
between total caffeine and NTDs. Other previously evi-
denced probable mechanisms of caffeine include cross-
ing the placenta during pregnancy, synergistic effects
with other teratogens, inhibitory effects on DNA repair,
and release of catecholamines or corticosterone [47-49].
Therefore, further studies are required to understand the
exact mechanisms by which coffee consumption is asso-
ciated with NTDs.

Strength and limitations of the study

A strong study design was used in this study (case con-
trol). Despite the rarity of the cases, we collected primary
data that was confirmed by a physician. Because some
of the variables in this study were sensitive (for example,
substance use during pregnancy), there might be social
desirability bias. Second, the study was conducted in
a hospital, and home births were not included. Finally,
the study did not address the genetic and chromosomal
determinants of NTDs, which folic acid does not prevent.



Mohamed et al. BMC Nutrition (2023) 9:93

Furthermore, the other limitations were due to the small
sample size.

Conclusion

According to this study, female newborns, few antenatal
care visits, maternal coffee consumption of three or more
cups per day during pregnancy, and a low food consump-
tion score were all independently associated with NTDs.
As a result, comprehensive preventive strategies focusing
on the identified risk factors are required at the regional
and national levels.

The findings suggest that primary preventative strate-
gies, such as active promotion of preconception care ser-
vices and food fortification, as well as promoting good
dietary practices and household food diversification,
should be strengthened in order to reduce the burden of
NTDs. Furthermore, ensuring that mothers avoid harm-
ful substances, particularly alcohol and tobacco, increas-
ing and strengthening the education of health staff and
others involved in promoting the prevention of congeni-
tal anomalies, pre-and peri-conception, and neonatal
screening, developing and improving registration and
surveillance systems, reducing coffee and tea consump-
tion during pregnancy, improving diets for adolescent
girls and women of reproductive age, and developing
e-prevention programs are all priorities. Finally, further
research is recommended to address the genetic factors
of NTDs.
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