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A silent epidemic of major 
congenital malformations in Tigray, 
northern Ethiopia: hospital‑based 
study
Hayelom Kebede Mekonen1,8*, Yibrah Berhe2, Birhane Alem Berihu1, Hale Teka2, 
Abera Hadgu3, Letekirstos Gebregziabher4, Etenat Halefom Berhe5, Tony Magana6 & 
Afework Mulugeta7

Congenital malformations are defects of the morphogenesis of organs or body during the pregnancy 
period and are identifiable at pre‑ or postnatal. They are identified as the major cause of child 
mortality worldwide. There is a need to understand the prevalence of congenital malformations in 
Tigray and Ethiopia in general as surveillance data are lacking. Hence, this study was designed to 
investigate the burden of major congenital malformations in the Tigray Region, Northern Ethiopia. 
Hospital‑based cross‑sectional study was conducted to identify neonates with major congenital 
anomalies in the labor ward admitted at six major public hospitals of Tigray region, Ethiopia between 
January 2018 and 2019. All newborns/neonates delivered in all study hospitals during the study 
period were considered as the study population. The prevalence of major congenital anomalies and 
the distribution of each type of major congenital anomalies within total birth were calculated. Data 
on maternal, and newborn demographic characteristics was collected. Statistical analysis was done 
using SPSS and p value < 0.05 was considered significant. A total of 12,225 births and terminations 
were recorded in the six hospitals during the study period. Of total 12,225 births and terminations 
examined, 383 births had major congenital malformations and the overall prevalence of congenital 
malformations was 3.13% of the total births examined. Congenital anomalies (CAs) of the central 
nervous system specifically neural tube defects (NTDs) were the commonest anomalies in this study, 
found in 68.7% (263NTDs/383 CAs) of the neonates with CAs. The overall prevalence of NTDs was 
2.15% (263/12,225 births) of the total births examined. Maternal factors such as women 20 years 
of age or younger (p < 0.0001) and women older than 35 years of age (p < 0.0001), abortion history 
(p < 0.0001), gravidity above 4 (p = 0.005), were more likely associated with an increased risk of babies 
with congenital anomalies. Fetal factors including gestational ages below 28 weeks (p < 0.0001) and 
above 40 weeks (p < 0.0001) were strongly associated with an increased risk of babies with congenital 
anomalies. However, these associated factors were not resulted from multivariable logistic regression 
analysis. Thus, the result might be affected by possible confounding factors. This study has shown 
a high prevalence of major congenital anomalies in the study community. Of the total congenital 
anomalies observed, most of neonates are affected with neural tube defects, a birth defect with well–
established evidence having folic acid deficiency or insufficiency is the predominant cause of spina 
bifida and anencephaly. This just screams urgency to implement effective/mandatory/ programs to get 
all women of reproductive age an adequate folic acid to prevent spina bifida and anencephaly.
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Abbreviations
CHD  Congenital heart disease
NTDs  Neural tube defects
CNS  Central nervous system
ICD10  International classification of diseases version 10
MSS  Musculoskeletal system
LMP  Last menstrual period
HIV  Human immunodeficiency virus
GUS  Genitourinary system
TCG   Thoracopagus
GIT  Gastrointestinal tract
GYOB  Gynecology and obstetrics

Background
Congenital malformations are single or multiple defects of the morphogenesis of organs or bodies identified 
at birth or during the intrauterine  life1. Congenital anomalies (CAs) could be minor or major malformation. 
Major structural malformations include anomalies in central nervous system anomalies (neural tube defects), 
the musculoskeletal system (orofacial clefts, and limb reduction defects), gastrointestinal tract, genitourinary 
system, and congenital heart disease (CHD). These malformations are life-threatening, having grievous effects 
on the well-being and survival of children born affected by these  defects1,2.

The causes of the congenital anomalies could be genetic, environmental or a combination of  factors3–6. Specifi-
cally, chemical toxicants, infection agents, maternal disease, and extracellular factors such as X-rays or chemical 
pollution, and periconceptional hormonal disruption are among the environmental factors that lead to congenital 
anomalies. Genetic factors are genetic chromosomal irregularities. Additionally, socioeconomic factors affect 
reproductive health by differentiating the exposure to the other risk factors as well as the access to prevention 
 measures5,6.

Globally, it is estimated that 8 million babies that accounts about 6% of total births.
are born with a severe congenital birth  defect5–7. March of Dimes global reports on CAs have shown that 

the hidden toll of mortality associated with CAs is estimated at 3.3 million children under age five  years2. Most 
congenital malformations and almost all (95%) mortality due to the CAs among children occur in resource-
poor  settings2,5–7. Though, almost all birth defects and deaths due to the birth defects among children occur in 
low- and middle-income countries, there is still a paucity of sufficient reports on  CAs6.

Recently, a hospital-based study on the incidence of neural tube defects (NTDs) has been done in the Tigray 
region, Northern  Ethiopia8. Although the study was limited both in scope and type of anomalies studied. It has 
reported that the overall incidence rate of NTDs in the study was 131 per 10, 000 births of which 23% were live 
births and 77% were stillbirths. All the micronutrients are present in meat, fish, milk, fruits, and  vegetables9,10. 
Most, if not all, Ethiopians rely on “injera” (a flat soft pancake like) made from cereals as the main source of food. 
Most of the poor in Ethiopia consume “injera” as 65% or more of their diet. Folate deficiency is widespread in 
Ethiopia and is related to diet. Prevalence of folate deficiency in Ethiopia, accounts for 46% and particularly in 
our study area, it accounts 54.4% of the  population11, this further beefs up the condition observed in our study. 
Though the country has voluntary folic acid fortification policy, it needs to be legalized and mandatory to reduce 
the burden of the anomalies. The program that we have in Ethiopia is supplementation of iron foliates which is 
only prescribed for anemia suspected pregnant mothers. Apart from this, in Ethiopia, particularly in the Tigray 
regional state, there is currently a scarcity of birth defect data necessary to develop evidence-based prevention 
strategies. Therefore, this study was aimed to investigate the prevalence of congenital malformations in the 
Tigray region, Northern Ethiopia. And help to complement the ongoing scientific and policy dialogues for the 
intervention of the anomalies/NTDs in the region and the country at large.

Methods
Study design and period. Hospital-based cross-sectional study was conducted to identify neonates with 
major congenital anomalies in the labor ward admitted in six major public hospitals of Tigray region of Ethiopia 
between January 2018 and 2019.

Study setting. Tigray Region is one of the nine regional state of Ethiopia, which has a total population of 
4,316,988, of whom 2,126,465 are men and 2,190,523 women; urban residency for 19.55% of the total popula-
tion. In the region, there are 992, 635 households, which accounts an average of 4.4 persons in a household, with 
urban households having an average 3.4 and rural households accounts 4.6  people12. The standard of living in 
Tigray region is distributed as 31.6% of the inhabitants fall into the lowest wealth quintile; adult literacy for men 
is 67.5% and for women 33.7%; and the regional infant mortality rate is 67 infant deaths per 1000 live births, 
which less than the nationwide average of 77; at least half of these deaths occurred in the infants’ first month of 
 life13.

Tigray has fourteen Hospitals, 170 Health Centers and 552 Health Posts (providers of basic health care and 
family planning in the rural areas). Of these fourteen Hospitals, six hospitals including Ayder Comprehensive 
Specialized Hospital, Lemelem Karl Hospital, St. Mary Hospital, Sihul Hospital, Adigrat Hospital, Alamata 
Hospital were selected randomly. These hospitals are the major public hospitals found in six administrative 
zones (Mekelle zone, Eastern zone, Central zone, North West zone, Southern zone, of Tigray region, serving the 
populations with diverse demographic characteristics as well as health-related behaviors.
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According to The Ethiopian Demographic and Health Survey (EDHS) 2016, showed that Tigray region of 
Ethiopia has the recent 5 years coverage of ANC1 (antenatal care at least one visit) accounts 90%, ANC 4 + (at 
least four visits) in 57%, 5 years coverage of deliveries attended by skilled provider in 59%, and recent 2 years 
coverage of deliveries attended by skilled provider in 69%, and postnatal care was 47.7%, respectively. 57% of 
Tigray residents deliver at health facility or at one of the eight general  hospitals14. While there is no clear data 
about where or how much other delivery occur (private hospitals, home births, etc.).

Study population, sample size and techniques. All neonates delivered during the study period in 
Tigray region (for women who lived in Tigray region or in the catchment area for the 6 months prior to delivery) 
were included in this study. Cases were identified at delivery rooms soon after birth and were defined as live 
births, stillbirths, and/or terminations with any type of major congenital anomalies.

Induced abortions that have poor prenatal diagnosis of congenital anomalies in the governmental hospitals 
were not also included. Stillbirth is defined as the birth of an infant that has died in the womb (strictly, after 
having survived through at least the first 28 weeks of pregnancy).

Study variables. Dependent variable. The dependent variable was major congenital malformation. The 
major congenital malformation were further classified as having only one major birth defect (isolated), having 
more than one major birth defect (multiple) including central nervous system anomalies, musculoskeletal sys-
tem anomalies, musculoskeletal and neural tube defects, gastrointestinal tract anomalies, gastrointestinal tract 
and neural tube defects, genitourinary system, musculoskeletal and genitourinary defects, genitourinary and 
gastrointestinal defects, musculoskeletal and gastrointestinal defects, and conjoined twins.

Independent variables. The independent variables were gestational age, birth weight, sex, gravidity, parity, ante-
natal care, previous abortions, maternal illness, age, medication, and malformation history.

Operational definitions. 

Major structural anomalies: are the conditions that account for most of the deaths, morbidity and disability 
related to CAs.
Multiple congenital anomalies: Multiple congenital anomalies are the occurrence of two or more major 
anomalies that are unrelated. This means that the major anomalies are presumed to be a random association, 
and do not constitute a sequence or a previously recognized syndrome.
Isolated congenital anomalies: major congenital anomalies that there are no other unrelated major congenital 
anomalies present. Frequently, major anomalies are associated with one or more minor anomalies.

Data collection process. Data on child and maternal variables were collected in line with the labor ward 
records in each hospital. All relevant information (any type of major congenital malformations, demographic 
and obstetric factors) about neonates, mothers and the presence of major congenital defects detected within 24 h 
after delivery were collected. The required data were obtained from the gynecology and obstetrics (GYOB) ward 
in each hospital admission. Data were collected (retrieved) and recorded by 10 trained midwives, 10 midlevel 
obstetric professionals (trained in emergency surgery and obstetrics), 3 resident physicians and 6 senior obste-
tricians based on the availability of these professionals in the hospital. This means that we have at least one 
midwife and one emergency surgery obstetrics professional per shift in each hospital. We trained them for three 
consecutive days before the start of the study and later in the middle of the study we gave them and evaluated 
the data collection process for another three days as refreshment training. We standardized the questioner for all 
hospitals. We, the investigators, strictly supervised the data collection process in each hospital.

Every pregnant mother who delivered at gynecology and obstetrics (GYOB) ward were recorded. After 
delivery, all relevant information about neonates (gestational age, birth weight, sex, and presence of congenital 
malformations) was collected.

All malformations were classified as per the International Classification of Diseases (ICD) 10 classification. 
The assessment of gestational age was determined from the last normal menstrual period (LNMP) to the date of 
birth. This was best estimated using combinations of the LNMP, early clinical examination, and early ultrasound 
scans. Ultrasound examinations were not carried out routinely, because the equipment was always not available/ 
working at some of the hospitals. We, thus, confirm that all the data/experiment was performed accordance with 
relevant guidelines and regulations.

Statistical analysis. The data collected was coded, cleaned, and analysed using Statistical Packages for 
Social Sciences (SPSS) version 20. The prevalence of congenital anomalies was calculated by dividing the total 
number of neonates with anomalies (live births, stillbirths, and/or terminations) delivered during the study 
period (Numerator) by the total number of live births, stillbirths, and/or terminations delivered at the study 
hospitals during the same time period (Denominator). The distribution of each congenital anomaly types was 
calculated by dividing the number of neonates with a specific anomaly by the total number of deliveries affected 
by congenital anomalies, multiplied by 100. Cross-tabulation (or chi-square analysis) was used to show the 
association between dependent and independent variables. The anomalies associated with maternal and fetal 
factors were assessed using the binary logistic regression, and the crude odds ratio, 95% confidence intervals and 
P-value were reported. The level of significance was set at p < 0.05.
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Results
A total of 12,225 births and terminations were observed in the six public hospitals over one year of the study 
period (Table 1). Three hundred eighty-three cases of major congenital malformation were observed during the 
study period. Overall prevalence of major congenital malformations was 3.13% of total births (Table 1).

Typology of congenital anomalies. Congenital anomalies (CAs) of the central nervous system, specifi-
cally neural tube defects (NTDs) were the commonest anomalies in this study, found to be 68.7% (263NTDs/383 
CAs) of the neonates with CAs (Table 2). The overall prevalence of NTDs was 2.15% (263/12,225 births) of 
the total births and terminations examined. Of the total NTDs cases identified, spinal bifida was the common-
est NTDs type occurring in 60% (158/263NTDs cases), followed by anencephaly in 28% (73/263NTDs cases), 
encephalocele in 12% (32/263NTDs cases) and hydrocephalus 8.3% (32/383), respectively. Abdominal anomaly 
(omphalocele) in 18.2% (70/383 CAs), and club foot in 14.6% (56/383 CAs), were observed next to spinal bifida. 
Among the NTDs cases identified, more males have the defect than females (Table 3).

Anomalies of musculoskeletal with gastrointestinal system identified in 9.4% (36/383CAs), genitourinary 
with gastrointestinal defects identified in 7.6% (29/383CAs), musculoskeletal with genitourinary defects iden-
tified in 7.6% (29/383CAs), genitourinary system observed in 3.1% (12/383CAs), and gastrointestinal tract 
anomalies occurring in 2.9% (11/383CAs) (Table 2). The congenitally malformed neonates (n = 383) identified 
in this study were classified into 10 categories according to the international classification of diseases version 
10, ICD10 (Table 2).

Association of major congenital malformation in relation to maternal and fetal characteris‑
tics. Table 4 has shown women 20 years of age and younger (OR = 1.882, 95% CI = 1.386–2.557, p < 0.0001) 
and women older than 35 years of age (OR = 2.905, 95% CI = 2.059–4.098, p < 0.0001), were more likely to have 
babies with congenital anomalies compared with women aged between 21 and 35 years. Similarly, abortion his-
tory (OR = 1.897, 95% CI = 1.460–2.465, p < 0.0001) and gravidity above 4 (OR = 1.634, 95% CI = 1.078–2.478, 
p = 0.005), were more likely associated with an increased risk of babies with congenital anomalies. Gravidity 

Table 1.  Hospital based prevalence of major congenital malformations in Tigray, Northern Ethiopia, 2019 
(n = 12,225). Percentages were calculated by taking the corresponding “total number” as denominator.

Hospital

Total births Major congenital malformation

N % No congenital malformation % Yes (congenital malformation observed) %

Ayder 3866 31.6 3700 30.2 166 1.4

Lemlem Karl 1195 9.7 1162 9.5 53 0.4

Alamata 1608 13.2 1573 12.8 35 0.29

Adwa 1317 10.7 1259 10.3 38 0.3

St Marry 2407 19.7 2348 19.2 59 0.48

Sihul 1832 15 1800 14.7 32 0.26

Total deliveries 12,225 100 11,842 96.7 383 3.13

Table 2.  Type and prevalence of the major congenital anomalies in Tigray, Northern Ethiopia, 2019. Column 
3, the percentage of neonate with congenital anomalies (CAs) was calculated as total number of CAs per total 
birth assessed (total CAs cases identified/total birth observed) and in column 4 the percentage of each type 
of CAs was calculated as identified type of CAs per total CAs observed (type of CAs identified /total CAs 
observed).

Type of major congenital anomalies Frequency
Percent major congenital anomalies per total births 
assessed

Percent of each type of major congenital 
malformations per total major congenital anomalies 
reported

Central nervous system anomalies 263 2.15 68.7

Musculoskeletal system anomalies 1 0.0 0.3

Gastrointestinal tract anomalies 11 0.1 2.9

Genitourinary system 12 0.1 3.1

Musculoskeletal and genitourinary defects 29 0.2 7.6

Genitourinary and gastrointestinal defects 29 0.2 7.6

Musculoskeletal and gastrointestinal defects 36 0.3 9.4

Conjoined twins 2 0.0 .5

Total 383 3.1 100.0

No congenital malformation 11,842 96.9

Total 12,225 100.0
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below 4, parity, pervious history of congenital anomalies, maternal illness, and medication history were less 
likely associated with an increased risk of babies with congenital anomalies.

Gestational ages below 28 weeks (OR = 2.058, 95% CI = 1.437–2.948, p < 0.0001) and above 40 weeks 
(OR = 3.686, 95% CI = 2.410–5.637, p < 0.0001) were strongly associated with an increased risk of babies with 
congenital anomalies. Sex, birth weight, and gestational age (29-38 weeks) at birth were less likely associated 
with the occurrence of congenital anomaly.

Table 3.  Characteristics of the observed neural tube defects (n = 263).

Characteristics Frequency Percent (%)

NTDs type

Spina bifida 158 60

Anencephaly 73 28

Encephalocele 32 12

Associated anomalies with spina bifida

Hydrocephalous 32 8.3

Club foot 56 14.6

Omphalocele 70 18.2

Sex of neonate affected with NTDs (n = 263)
Male 153 58.2

Female 110 41.8

Total 263 100

Table 4.  Association of major congenital malformation in relation to maternal and fetal characteristics, 
Tigray, Ethiopia.

Characteristics Frequency Odds ratio 95% confidence interval P value

Maternal characteristics

Maternal age

 <  = 20 1052 1.882 1.386–2.557  < 0.0001

21–35(reference) 3285

 > 35 540 2.905 2.059–4.098  < 0.0001

Abortion history
No (reference) 10,750 1.897 1.460–2.465  < 0.0001

Yes 1475

Gravidity

 <  = 2 (reference) 7592

3–4 2761 3.099 2.332–4.118  < 0.0001

 > 4 1872 1.782 1.160- 2.737 0.008

Parity

 <  = 2 (reference) 8701

3–4 2673 0.311 0.220–0.440  < 0.0001

 > 4 851 1.002 0.607–1.653 0.994

ANC
Yes (reference) 8653 0.909 0.714–1.157 0.439

No 3572

Previous history of congenital 
anomalies

Yes 295 0.771 0.354–1.676 0.511

No (reference) 11,930

Maternal illness
Yes 1047 1.127 0.775–1.638 0.533

No (reference) 11,178

Medication history
Yes 5556 0.948 0.750–1.198 0.654

No (reference) 6669

Fetal characteristics

Sex
Male (reference) 5835

Female 6378 1.014 0.822–1.252 0.896

Gestational age

 <  = 28 696 2.058 1.437–2.948  < 0.0001

29–31 1378 0.407 0.241–0.685  < 0.0001

32–36 1895 0.548 0.371–0.809 0.002

3370 0.406 0.284–0.581  < 0.0001

37–38 39–40 (reference) 4596

 > 40 290 3.686 2.410–5.637  < 0.0001

Birth weight
 <  = 2.5 3579 0.849 0.690–1.046 0.124

 > 2.5 (reference) 8166
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Ethics approval and consent to participate. The study was ethically approved by the Institutional 
Review Board of the College of Health Sciences, Mekelle University before the starting of the actual data col-
lection. The possibilities of maltreatment or discomfort expected in this study were none existent. Well trained 
data collectors were used and strictly followed ethical principles. Verbal consent (as most of them were not able 
to read and write) was obtained from study participants before the beginning of the interviews and this was 
approved by the Health Research Ethics Review Committee (reference number: ERC 1279/2018). All study par-
ticipants were assured that their participation was voluntary and if any discomfort, they could withdraw from 
the study without any problem at any stage of the data collection. Moreover, all data obtained from the respond-
ent remained confidential and the dissemination of the study findings will be unspecified but the general source 
population.

Consent for publication. Not Applicable.

Discussion
This study has shown a high prevalence of major congenital malformations in the study community. The overall 
prevalence of congenital malformations was 3.13%. Our finding is higher than other studies conducted in: Egypt 
2.5%15, Kolkata (India) 2.22%16, Odisha (India) 1.6% [117]. Central nervous system defect specifically NTDs 
were the common malformation identified in our study. This finding agrees with the findings from  China18, 
 Iran19 and  Tanzania20 that reported CNS was the most common malformation observed in their study setting. 
On the contrary, musculoskeletal system defects were commonest in  Egypt15, Kolkata (India)16, Odisha (India)17.

In the present study, a high number of NTDs were observed (2.15%) which is higher than the prevalence rate 
(1.31%) recently reported from the similar study setting (Tigray regional state of Ethiopian)8. Other study from 
Spain also reported 0.2% prevalence rate of  NTDs21.

After randomized, controlled trials established that consumption of folic acid before pregnancy and during the 
early weeks of gestation reduces the risk of neural tube defect (NTD) in United States and  Canada22. Assuming 
that the non-folic acid preventable NTDs rate should be 0.0005%23 and that our prevalence rate is 2.15%, then 
we have a rate/epidemic that is 43 times what it should be. This just screams urgency to implement effective/
mandatory/ programs to get all women of reproductive age an adequate folic acid to prevent all folic acid related 
NTDs which could have prevented around 96% (2/2.15) of NTDs in the Tigray region.

In this study, more male neonates were affected with NTDs, in agreement with the previous study of the same 
study  area8. Similar findings were reported from North African and Sub-Saharan countries as  well24,25. However, 
the burden of NTDs was higher in female neonates in European  reports26,27. The relation of the observed sex 
difference with the genesis of NTDs is not yet confirmed. This could indicate that different mechanisms are 
contributing to the genesis of NTDs and that require further investigation.

This study has shown that the maternal factors such as women 20 years of age and younger and women older 
than 35 years of age, abortion history, gravidity above 4, were more likely associated with an increased risk of 
babies with congenital anomalies. This finding is in line with findings reported from various countries, which 
showed maternal age, gravidity, abortion history and parity were significantly associated with incidence of major 
congenital  malformations15,28.

Moreover, our study has shown fetal factors such as gestational ages below 28 weeks (p < 0.0001) and above 
40 weeks (p < 0.0001) were strongly associated with an increased risk of babies with congenital anomalies. Simi-
lar findings have been reported from hospital-based studies conducted from different part of  India29,30, and 
population-based study from  China18.

As the study was not a community-based study, the prevalence could be artificially low because we only use 
data from a limited number of hospitals (not including other delivery locations) and not incorporating prevalence 
of anomalies after birth (i.e., many heart defects). Furthermore, the associated factors that were indicated in this 
study were not resulted from the multivariable logistic regression analysis. Hence, the result might be affected 
by possible confounding factors.

Conclusion
This study has shown high prevalence of major congenital anomalies in the study community. Of the total con-
genital anomalies observed, most neonates are affected with neural tube defects, a birth defect with well–estab-
lished evidence having folic acid deficiency or insufficiency is the predominate cause of spina bifida and anen-
cephaly. This just screams urgency to implement effective/mandatory/ programs of folic acid supplementation 
to all women of reproductive age to prevent all of folic acid preventable NTDs in the Tigray Region.

Data availability. All relevant data are within the paper.
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