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ABSTRACT

Background: Birth defects are a series of functional and structural abnormalities resulted from
disruption of the normal human embryonic development. Regardless of the interventions and
targets to reduce neonatal mortality, the burden of birth defects remains high especially in low
and middle income countries such as Ethiopia. In Tigray the neonatal mortality showed
significant increment during the war crisis and birth defects takes a significant role with limited
studies before the war and no studies conducted after the war. Studies on determinants of birth
defects are timely essential to manage their burden and will be a guide on the postwar health care
reform.

Objective: To asses determinants of externally birth defects among newborns delivered in
public general hospitals of Tigray, Ethiopia, 2024/25

Methodology: Institutional based unmatched case control study design was conducted from
December 1 to December 30, 2024 among 388 subjects (97 cases and 291controls) in public
general hospitals of Tigray. Subjects were selected using systematic random sampling method
after proportional allocation to each randomly selected five hospitals. Cases and controls were
newborns that had at least one visible minor or major birth defect and without externally visible
birth defect, respectively delivered from November 1, 2023-Octeber 30, 2024 in the selected
public general hospitals. A structured checklist was used to extract data from maternal medical
charts. Data was entered through Epi data and transported to SSPS version 25 for analysis.
Multivariate Logistic regression model was used to identify factors associated with birth defects
at p value less than 0.05. Results; more than half the mothers (51.5% and 58.4% of cases and
controls respectively) fall in between 25 and 35 age category). Rural residence [AOR=1.95; 95%
Cl:(1.04, 3.667);p-value=0.037], lack of folic acid intake [AOR=2.77;95%CI. (1.464,5.24); p-
value=0.002], history of acute illnesses]AOR=5.118;95%CI:(1.389,18.865);p-value=0.014],male
sex [AOR=2.4;95%CI:(1.322,4.364);p-value=0.004],and Prematurity [AOR=11.74; 95%CI :(
2.598, 53.05); p-value=0.001] were significant predictors of birth defects. Conclusion and
recommendations; Rural residence, lack of folic acid intake, acute illnesses, newborn sex and
prematurity, were significant predictors of birth defects. So that it’s vital to address the
modifiable factors such as folic acid intake, acute illnesses, awareness creation and service
delivery in rural setting.

Keywords; Birth defects, Determinants, Newborns
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1. INTRODUCTION
1.1. Background

Human development is a progressive change from a single cell formation through embryogenesis
(period of organ formation) and differentiation during the fetal period later in pregnancy. The
process of embryologic and fetal development is a critical period which is of susceptible and
vulnerable to factors and conditions that causes alteration of the normal development(1). Birth
defects are a variety of functional and/or structural abnormalities originated from disruption of
the normal embryonic period or fetal development which can be identified prenatally, at birth or
later in life(2).

(13 (13

They are described in different nomenclatures such as, “Congenital anomalies “, “congenital
abnormalities”, “congenital malformations”, and “birth defects” interchangeably; can be
classified as minor congenital anamolies (those with relatively little or no impact on physical
and psychosocial health) and major anomalies (serious conditions affecting the infant’s life
threatening health status, physical and psychosocial functioning) , as single or multiple and can
externally visible or internal (3,4).

An estimated 134 million births are reported to occur per year, of which 8.5 million (6%) of
them are born with at least one serious birth defect in 2019(5). The burden of birth defects is
notably high in low-and middle-income countries, at which about of 64.2 defects per 1000 live
births comparing to 47.2 per 1000 live births in high-income countries and majority of countries
with the highest burden are in Africa (6).

Even though sustainable Development Goal (SDG) aimed to eliminate neonatal deaths due to
preventable causes by 2030 and to lower neonatal mortality to less than 12 per 1000 live births in
each country globally, reports show that more than 60 countries won’t fulfill the target. most of
them are in Southern Asian and sub-Saharan African countries, particularly in sub-Saharan
African countries, 30% of the global birth defect case and 38% of global under-five deaths
attributed to birth defects are confined the region (7,8).

In Ethiopia, according to Ethiopian Demographic Health Survey (EDHS) 2019, neonatal
mortality accounts 33 deaths per 1000 live births and 11% of neonatal mortality are due to birth

defects (9,10). The pooled prevalence of birth defects in Ethiopia was estimated to be 2%



showing variation as low as 0.95% in Bahirdar and as high as 18.5% southwest Ethiopia (11—
13).

As a measurement to improve perinatal outcome, WHO recommend a pregnant women that a
minimum of eight antenatal care visits, daily oral iron and folic acid supplementation with 30mg
to 60mg of elemental iron and 0.4mg folic acid to reduce adverse birth outcomes, an early
ultrasound scan at least before 24 weeks’ gestation and health care provider counseling regarding
medications, substance use and history of risk factors aiming at improving perinatal
outcome(14). However, lack of pre conception care follow up, poor access to prenatal screening,
exposures to chemicals such as pesticides and herbicides in the farming community and

micronutrient deficiencies worsens the problem mainly in low and middle income countries(7).

1.2. Statement of the problem

Birth defects are still the most common causes of infant mortality , morbidity and life time
physical and mental disability(15). Despite of the advances in medical technology and prenatal
care, The global prevalence of birth defects remains high which is around 2%-3% with variable

prevalence from one region to another(16).

Around 6.3 million perinatal deaths are estimated every year and birth defects are the fifth
leading causes of death(10). According to World Health Organization (WHO) estimation, around
240,000 neonatal deaths(about 7% of all neonatal deaths) and 3.3 million children die before
five years of age due to birth defects every year (17,18). In addition birth defects are a cause for
more than half of spontaneous abortions and 15-20% of stillbirths (19,20).

The impact of birth defects in addition to the negative pregnancy outcome includes a wide range
of long-term physical, emotional, and psychosocial challenges to the survivors. Studies suggest
that children with birth defects are suffering the risk of poor academic achievement and lower
cognitive ability with special education needs compared to children of the same age and with

their classmates (21).

In addition these defects can also cause developmental disabilities such as mental and physical
impairments which leads to serious problem to care and raise raising the defected child (22).

Psycho-social challenges for the parents and children also arise for infants and families. There



could be increased parenting stress in caring and due to sociocultural problems and dependency

of a child on parents and caregivers (23).

Furthermore, to take care, raise and treat a child with birth defect also possess socioeconomic
problem to families and the community. It needs higher cost of health care for defected children
due to lifelong physical and mental disabilities and long term consequences(24). As a
consequence of 3.2 million survivors worldwide who can suffer health problems and disabilities,
birth defects constitute about 15-30% of all hospital admissions among children ; which needs
care relatively higher cost than other hospital admission cases that highly affects the individual,
family and the community(25). Birth defects are also a cause for around 25.3-38.8 million
disability-adjusted life-years (DALYs) worldwide(26).

Even though, more than half of the birth defects are considered to be of unknown causes,
multifactorial inheritance, environmental teratogens and mixed factors are thought to be causes
of birth defects(27). Risk factors investigated to be correlated to birth defect i.e. age, life style
habits such as alcohol consumption, chat chewing and smoking, folic acid supplementation,
maternal illnesses, drug intake, exposure to chemicals and lack of ANC follow-up (13,28).

In Ethiopia, the government in collaboration with NGOs, is working to reduce birth defects,
primarily neural tube defects which has notably highest burden, by designing prevention
strategies such as folic acid supplementation, food fortification and awareness creation but birth
defects still remains high and a very low number of women are reported to be prescribed with
folic acid(10,29).

Tigray region which is the northernmost part of Ethiopia has an estimated total population of 7.3
million with 80.5% of the population living in rural area. The region was on civil war from 2020-
2023. In the region relatively low neonatal mortality rate of ten deaths per 1000 live births were
estimated before the war with prevalence 3.1% but the neonatal mortalities during the war found
to be 28 neonatal deaths per 1000 live birth which is around three times higher than prewar
estimate(30,31). The contribution of birth defects is high accounting about11% of admissions to
neonatal intensive care unit according to estimations in 2019(32). This may be due to the health
care system damage during the war and the health care coverage was also affected. Before the
war there are limited studies conducted about the burden of birth defects but there are no studies

that investigate the determinants factors. Hence, studies on factors advocate the postwar reform
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the health care system and to deliver evidence based prevention strategies and health service
deliveries are needed to address the gap. Thus, this study aims to assess the determinant factors

of birth defect in Tigray region.

1.3. Significance of the study
The study of birth defects is essential as these conditions have a significant impact that affects
individual, families, community and health care system and collectively being a public health
concern worldwide. This study is particularly significant and timely for its study area and
population because the region was recently in a war crisis and there are limited studies conducted
before the crisis with no studies conducted after the war. Even though, causes and factors that
induce the occurrence of birth defect have been studied, most of the cases have no clear specific
cause or inducing factors yet with some of the study’s findings being contradictory in some
factor. Hence, this case control study is found timely essential to assess predictors of birth

defects.

Findings of this study related to the more local and current knowledge will be a scientific guide
and reference for stake holders to develop effective prevention, intervention policy and service
delivery that fits the local setting to contribute in neonatal mortality reduction, morbidities and
disabilities. In addition findings will also be used as an input in the postwar reform of the health
care system. Furthermore this study will provide a base for subsequent researches and scientific

innovations.

In general, this study underscores the crucial significance of scientific understanding of birth
defects highlighting several key findings with extreme implications for public health, clinical
practice, and research advancement. Moreover, this study has incredibly significant contribution
for Tigray region which was in a destructive war which causes a turn back in the health care

system and socioeconomic disruptions.



2. LITERATURE REVIEW

2.1. Determinants of birth defects

Most cases of birth defects have no identified causes yet. Studies showed different associations
which is variable in different setting. Research articles were accessed from different webs such
as Google scholar and PubMed by using key words. The review was organized from global to

local level by including literatures mostly conducted with in the past five years.

2.1.1. Maternal socio demographic characteristics

Studies have revealed different degrees of associations of the maternal socio demographic
characteristics with the occurrence of birth defects. One study conducted in Brazil showed that
neonates from single mothers were at higher risk to have birth defects than neonates from
married mothers. The Brazilian study revealed that the odds of having a neonate with birth
defects in single mothers were 1.23 times (OR=1.23; 95%CI=1.04-1.45) higher than married
mothers(33).

Most of the studies found that significant association of advanced maternal age with the
occurrence of birth defects. A systemic review and meta-analysis in Korea aimed to assess the
relationship of maternal age and birth defects found that the odds having a neonate with birth
defects was 1.64(times higher in older ages (34). In addition, one study conducted in China on a
Multivariate logistic regression analysis of risk factors for birth defects, a study from population-
based surveillance data found that mothers with <20 years and >35 years maternal age were 2.2
times (OR=2.20, 95%Cl: 1.19-4.09) and 1.5 (OR=1.56, 95%CI) times more likely to give to a
neonate with birth defects, respectively (35).

In contrary a study conducted in Pakistan shows that mothers aged 19-30 had a higher risk(4).
Another retrospective observational study conducted in Brazil maternal age showed significant
association with congenital anomalies(2). On the other hand one matched case control study
conducted in Bangladesh revealed that neonates from mothers aged 20-29 years old were 4 times
(AOR=4.69; 95% C1:1.078, 20.448) more likely to have birth defects(22).

A retrospective cross-sectional study conducted in Sudan also found significant association
between advanced maternal age (> 35 year) and birth defects. In this study rural residence also
shows significant association(26). Against The finding of Sudanese study one analytic cross
sectional study carried out in Egypt which demonstrated that urban residence puts mothers at risk
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of having birth defects(19). The Sudanese study, regarding maternal age, is advocated by a
study conducted in Oromia, Ethiopia mothers with >35 years of age were 6.5 times (AOR =6.5;
95% CI ; 2.4-18) at higher risk to have a neonate with birth defects(36).

Moreover, one case control study carried out in Eastern Ethiopia on determinants of congenital
anomalies in neonates admitted to public hospitals also revealed that the odds of congenital
anomalies in neonates born to rural women were 1.73 times (AOR: 1.73, 95% CI. 1.04-2.85)
higher than neonate born to urban women(37).

In contrary a case control study conducted in Gojjam, Northwest Ethiopia on determinants and
seasonality of structural birth defects founds significant association between maternal urban
residence and structural birth defects. This study showed that neonates born from women of
urban residence were found to be about six times(AOR=6.4; 95% CI: 1.9-21.7) more likely to
develop birth defect as compared to those neonates born from women of rural settings(18). One
additional cross-sectional study in Bahirdar shares the finding of the study in northwest Ethiopia
by revealing that urban resident mothers were two times(AOR=2.1; 95%: CI 1.28-3.55) more
likely to have a neonate with birth defects(11).

2.1.2. Pregnancy and ANC related characteristics

Pregnancy and ANC characteristics found to play role in the occurrence of birth defects in
different studies. One hospital based Case-Control study carried out in Bangladesh found that
poor ANC follow-up was a significant predictor of birth defect. This study included less than
four antenatal care visits as a variable and the odds having a neonate with birth defects for
mothers with less than four ANC visits found to be ten times higher AOR=10.07; 95% ClI
2.816, 36.0) (22).

Folic acid intake before and in early pregnancy was found to be a protective factor in most
studies. A systemic review and meta-analysis in a resource limited settings regarding prevalence
and associated factors of structural congenital anamolies revealed that never using folic acid was
strongly associated. The review found that pregnant women who did not use iron foliate were 6
times (OR = 6.01; 95% CI: 2.87-14.89) higher than women who used folic acid during and
before pregnancy to have neonates with structural congenital anamolies. This review also
showed unidentified drug use during pregnancy is significant a predictor. Women with history of
unidentified drug use during pregnancy were 2.83 times (OR = 2.83; 95% CI: 1.19-4.46) more



likely to have structural CA compared to women with no history of drug use during

pregnancy(38).

One systemic review and meta-analysis on the effect of folic acid intake on congenital
anamolies resulted a pooled relative risk of congenital anomalies for children born to mothers
who took folic acid was 0.23 times (OR= 0.23; CI: 0.16-0.32) lower than for children born to
mothers who did not take folic acid, indicating that taking supplements of folic acid prior to
conception (at least 4 weeks) and during pregnancy until 12 weeks significantly reduces the risk

of congenital anomalies by 77%(39).

Medication intake during pregnancy was found to be significant predictor of birth defects in
different studies. One systematic review and meta-analysis in Sub Saharan African countries
revealed drug intake during pregnancy showed significant association with birth defect. The
Meta analysis displayed that neonate of mothers with history of drug intake during pregnancy
found to be 7.54 times (AOR= 95% CI: 3.88, 14.66) more likely to have birth defect. In addition
mothers who didn’t use folic acid were also 3.92 (AOR=3.92; 95% CI; 1.95, 7.88) times more
likely to have a neonate with birth defects than mother who used, in this review(28). In addition
another systemic review and meta-analysis undertaken in Ethiopia also showed medication use
during pregnancy found to be statistically significant. This review shows mothers who took
teratogenic medication during pregnancy and who didn’t take folic acid were 2.58 times (pooled
OR= 2.58; 95% CI: 1.03-6.47) and 2.8 times (pooled OR= 2.83; 95% CI: 1.09-7.36) more
likely to have a neonate with birth defect, respectively (13). Furthermore, one case control study
conducted in south west Ethiopia also resulted drug use during the first trimester of pregnancy
(AOR = 3.435; 99% CI: 2. 012-5.863), and folic acid supplementation (AOR = 0.428; 99% CI:
0.247-0.740) were also strongly associated with the occurrence of birth defect(40).

2.1.3. Maternal health characteristics

In some studies history of illnesses in the index pregnancy is mentioned as a significant predictor
for the occurrence of birth defects. one case control study conducted in Iran and a study carried
out in Iraq revealed that history of maternal disease during pregnancy was a significant predictor
of birth defects(41,42).



According to a cross sectional study carried out in Baghdad, Iraq, anemic mother and
hypertensive mothers had higher likelihood of having a neonate with birth defects.(43) This
study is supported by another study conducted in Iran which shows significant association of
maternal diseases HTN, DM, hyperthyroidism and hypothyroidism) with occurrence of birth
defects. The Iranian study implicated that the odds of having a neonate with birth defects is 4.42
times higher in mothers who are positive for medical diseases than mothers negative for maternal
disease during pregnancy(41). This association is also supported by One systemic review and
meta-analysis undertaken in Africa which resulted that mothers with history of illnesses during
pregnancy had 2.44 times higher likelihood of giving birth to a neonate with birth defects(44).

A cross-sectional study conducted in Jimma university medical center, southwest Ethiopia, also
found strong positive association between presence of maternal chronic illness (Hypertension,
Diabetes, and Hypertension with diabetes) and birth defects. The strength of association in this
study shows mothers who had a chronic illness were 4.3 times more likely to have a neonate
with birth defect than those mothers who hadn’t chronic illness(45). This study also supported by
a cross-sectional study conducted in North West Ethiopia which shows a strong association
between maternal history of chronic disease (diabetic mellitus, hypertension, HIV/AIDS and
chronic kidney disease) and birth defects. In this study neonates born from mothers with history
of chronic disease during pregnancy were 4 times (AOR = 4.05, 95% CI: 2.27-7.21) more likely
to have birth defects compared to neonates born from mothers without history of chronic
disease(46).

Furthermore, one case control study undertaken in Eastern Ethiopia revealed that the likelihood
to give birth to a neonate with birth defect is four times higher (AOR= 4.37; 95% ClI: 2.48-7.69)
in women who had history of anemia during index pregnancy(37). In addition, a case control
study conducted in Arsi, Ethiopia found that the likelihood of having a newborn with birth defect
was 6 times (AOR = 6.10; 95%Cl.: 2.39, 15.57) higher for women who had maternal
illnesses(47). Another case control study carried out in North West Ethiopia revealed that
mothers who had history of fever during pregnancy are three times (AOR: 3.4, 95% CI 1.3-11.6)

more likely to give birth to a newborn with birth defects(18).



2.1.4. Obstetric characteristic

An ecological study design carried out in Brazil showed that multiple pregnancy and cesarean
type of delivery were significantly associated(33). This finding is supported by one case control
study conducted in Hamadan Iran that showed emergency C-section was also the most frequent
mode of delivery for neonates with birth defects(48). On the other hand a study conducted in
china revealed that multiple births had 1.4 times (OR=1.44, 95%CI: 1.18-1.76) higher odds of
having birth defects than singleton(35). But against the Chinese study, one analytic cross
sectional study in Egypt revealed that birth defects were frequent among singleton
pregnancies.(19)

According to a study conducted in Brazil Midwest revealed previous history of child with birth
defect was significantly associated with birth defect. The strength of association of previous birth
defects in this study showed that women who had previous delivery history of birth defects were
3.85 times (AOR=3.85; 95% CI: 1.11-13.27) more likely to have a neonate with birth defect
than those women with no history of birth defects(49). Another population-based case-control
study in Brazil but in different city also showed previous history of a child with birth defects is
associated with subsequent occurrence of birth defect. This study also resulted that mothers with
previous miscarriage had 2.9 times higher odds of giving subsequent birth to a neonate with birth
defects (OR=2.93; 95% ClI:1.51,5.69) birth (50).

Multiparty was also mentioned as significant predictor in some studies. One cross-sectional
study undertaken in Egypt and a study in morocco displays a strong association between
Multiparty and birth defects(51,52). Moreover, In a study conducted in Oromia, Ethiopia
neonates with birth order above three and singleton pregnancies were 8.4 (AOR= 8.4; 95% Cl:3.4—
20.7) times and 6.4 (AOR = 6.4; 95%CI:2-18.9) times more likely to have birth defects
respectively(36).

In one case control study conducted Adama, Ethiopia previous history of birth defects was
significantly associated with reoccurrence of birth defect. Women with previous history of birth
defects were about 4.853 (AOR=4.853; 95% CI: 1.492, 15.788) times more likely to have a
neonate with birth defects than those women with no previous history of birth defect. In this

study strong association between previous history of still birth and subsequent occurrence of



birth defects was also found. Mothers with previous history of still birth found to be 3.967 times
(AOR=3.967; 95% CI: 1.772, 8.88) more likely to have a neonate with birth defects(10).

2.1.5. Newborn characteristics

Regarding the newborn characteristics, some studies show contradictory findings especially in
sex of the newborn. For instance, one study conducted in Kerman, Iran female neonates show
higher risk than males. According to the study male neonate were 0.42 times less likely to have
birth defects(24). In contrary, another study in Hamadan, in the same country Iran shows a result
that contradicts the above statement. The study resulted being male had significant association
with birth defect(48). In an ecological study carried out in Brazil showed male sex and low birth

weight were significantly associated with birth defects(33).

In addition, a study in Qatar revealed that the odds of birth defects were four times (AOR=4.17;
95%: Cl 2.75-6.32) and 5.8 times (AOR=5.88; 95%: CI 3.92-8.82) higher for prematurity and low
birth weight respectively(53). This is supported by One cross-sectional study conducted in
Nigeria also shows low birth weight (birth weight between 1.5-2.49 kg) was associated with
birth defects and shows 30% higher risk(54). In contrary a study conducted in neonatal intensive

care unit in Egypt, revealed that full term had higher risk than preterm neonates(19).

One longitudinal study conducted in Tanzania revealed that prematurity and being male takes the
higher odd for the occurrence of birth defects specifically musculoskeletal defects. This study
showed that 1.86 (AOR = 1.86, 95% CI = 1.53-3.66) and 1.67 (AOR = 1.67, 95% CI = 1.23—
1.89) times higher odds of having birth defects or premature and male neonates, respectively(55).
A study carried out in Addis Ababa, Ethiopia also found that low birth weight and male sex were
significantly associated with birth defects. In this study the odds of having birth defects in male
infants was 1.3 times (OR = 1.3; 95% CI = 0.9-2.8 higher than females(56). This finding is also
supported by a study conducted in Bahirdar which found that a lower risk for females neonates
(AOR=0.59; 95% CI 0.37-0.95)(11). Another study in Oromia, Ethiopia also shows an
association of low birth weight and birth defects (36).

Moreover ,one cross-sectional study conducted in Tigray region, Ethiopia also found that low
birth weight and prematurity were significantly associated(31). Another prospective cohort

study carried out in Tigray in Mekelle general hospital and Ayder specialized and comprehensive
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referral hospital regarding on Birth weight by gestational age and congenital malformations also
revealed that, low birth weight, gestational age less than 35 weeks, male sex, were strongly
associated with birth defects. This study implies the possibility of having birth defects shows
decrement after 35 weeks of gestation and those with <35 weeks of gestation found to be at
higher risk(57).

In general the review tried to explore literatures of different setting. Studies with different
limitations in terms of study area, study period, study populations, inclusion criteria and
methodology aspects resulted variations from region to region and from study to study. Variables
found to be a risk factor that increase the occurrence of birth defects in some studies found to
have a protective effect or a factor that lower the chance of occurrence of birth defects in other
studies. On the other hand variables which shows strong association with the occurrence of birth
defects, found to have no significant association in other studies. Reviewing these literatures
leads to increase the intention and commitment to study further about the problem and fill the

gap with adequate knowledge in our local setup.
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2.2. Conceptual frame work for determinants of externally visible birth defects
The framework in the next page shows the association of variables mainly the dependent and
independent variables which is adapted from different literatures (Fig. 1).
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Fig 1 .conceptual frame work for determinants of externally visible birth defects among newborns in public
general hospitals in Tigray, Ethiopia 2024/25, adapted from different litterateurs

12



3. OBJECTIVE

3.1. General objective
To assess determinants of externally visible birth defects among newborns delivered in public

general hospitals of Tigray, Ethiopia 2024/25

3.2. Specific objective
To identify determinants of externally visible birth defects among newborns delivered in public

general hospitals of Tigray, Ethiopia
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4. METHODS AND MATERIALS
4.1. Study area and period

The study was conducted from December 1to December 30, 2024 in public general hospitals in
Tigray region. Tigray Region is one of the twelve regions in Ethiopia found in northern part of
Ethiopia and its capital city is Mekelle. Tigray is bordered by Eretria to The north, Sudan to the
west, Afar region to the east, and the Amharic region to the south and southwest. The region has
a total population of around 7.3 million people and is administratively divided into 7 zones, 88
Woredas and 814 Kebeles. In Tigray region there are 2 comprehensive specialized hospitals, 14
general hospitals, 25 primar